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MILITARY CIJRRICULUM MATERIALS

The military-developed curriculum materials in this course
peckage were selected by the National Center for Research in
Vbcational Education Military. Curriculum Project for dissem-
ination to the six regional Curriculum Ccordination Centers and

other instructional materials agencies. The_purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the,civilian setting.

The course materials were-acquired, evaluated project

staff and, practitioners in the field, and prepar for

dissemination. Materials which were specific to the military

were deleted, copyrighted materials were either omitted or appro-

val for theii use was obtained. These course packages contain
curriculum resource materials which can be adapted to support

vocational instruction and curriculum development.



The National Center
Mission Statement

. .

The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and orgarizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National-
Center fulfills its mission by:

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

- Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Program information Office
The National Center for Research in Vocational

Education
The Ohio State University

4 1960 Kenny Road, Columbur-Ohio 43210
Telephone: 614/486.3655 oKroaree 800/

8484815 within the continental U.S.
(except Ohio)

Military Curriculum
Materials for

Vocational and
Technical Education

informatioir and Field
Services Division

The. Hationnl Center for ficw.larch
in Vocctional Education



Military
Curriculum Materials
Dissemination Is
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is

provided through a "Joint Memorandum of
Understanding" between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in.
Vocational Education is the U.S: Office of
Education's designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Budke, Ph.D.,-Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director
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What Materials
Are Available?

How Can These
Materials Be Obtained?

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks arid technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:
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Agriculture
Aviation
Building &

Construction
Trades

Clerical
Occupations

Communications
Drat ting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air

Conditioning
Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
represented *ill expand as additional mate-
rials with application to vocational and
technical'education are identified and selected
for dissemination.

Contact\the Curriculum Coordination Center

in your i.gion for information on obtaining
materials (64, availability and cost). They
will respond Iq your request directly or refer

you to an inst)- ctional materials agency
closer to you.

CURRICULUM COORDIKINI IOW GEN rEns

NORTHWEST

Dilector'
Building 17\
Airdustrial Park
Olympia, WA 98504
206/753-0879

EAST CENTRAL
Rebecca S. Douglass

Director
100 North First Street
Springfield, IL 62777
217/782-0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377.2000

NORTHEAST
Joseph F. Kelly, Ph.D.

Director
225 West State Street
Trenton, NJ 08625
609/292-6562

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi Soto University

Drawer DX
Mississippi State, MS 39762

60 U325-2510

WESTERN
Lawrence F. H. Zane, Ph.D.

Director
.1776 University Ave.
Honolulu. HI 99822
808/948-7834
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Course Desc iption-

Students completing this short course wifi be able to perform engineering surveys related to area and route surveying. Knowledge of basic survey
techniques is a prerequisite fcr this course.

The course is divided into two units. Unit 1.1Introduction and Safety contains a one hour lesson introducing the course and covering safety aspects
of the job. Unit 2Construction Surveying contains thinen lessons totaling 29 hours of classroom and 66 hours of practical instruct.on. The lesson
titles and hours follow:

1.2.1 Construction Surveying (3 hours classroom)
1.2.2 Horizontal Control (3 hours classroom, 4 hours practical)
1.2.3 Vertical Control (1 hour clusroom, 6 hours practical)
1.2.4 Topographic Survey (3 hours classroom, 7 hours practical)
1.2.5 Road Surveying (2 hours classroom, 7 hours practical)
1.2.6 Road Surveys (2 hours classroom, 4 hours practical)
1.2.7 Horizontal Curves (3 hours classroom, 9 hours practical)
1.2.8 Vertical Curves (2 hours classroom, 5 hours practical)
1.2.9 Grade and Earth Work Computations (2 hours classroom, 5 hours practkal)
1.2.10 Engin Aring Transit Adjustment (2 hours classroom, 3 hours practical)
1.2.11 Level Adjustment (2 hours classroom, 3 hours practical)
1.2.12 Utility Surveying 12 hours classroom, 5 hours practical)
1.2.13 Building Uyout (2 hours classroom, 8 hours practical)

This course contains both student and teacher materials. Printed teacher materials include an introduction to the course; outline of instruction.
outline of training objectives; lists of texts, references, tools, equipment, materials, training aids and devices, and training aids equipment, a master
schedule: and the instructor guides. The instructor guides include lesson plans, and activities for instructor and students. Information sheets. job sheets.
and practical test sheets are provided for the students.

The txts used are two Navy training manuals, Engtneering Aid 3 & 2, NAVPERS 10634-8 and Engineering Aid 1 & C, NA VEDTRA 10635-8. The
appropriate chapters are provided. In addition three military manuals and seven commercial books are recommended as references Two transparency
sets are also suggested butare not provided.

Ce Ifni VX,411011A1 MGM,
P,CIAlt
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TITLE PACE

MU': CONSTRUCTION SURVEYING

COURSE: Special Construction Battalion Training (SCBT) 410.2

COURSE LENGTH: 3 Weiys

CONTACT TIME: 96 hours

TAUGHT AT: Naval Construction
Portilueneme, Ca.

Naval Construction.
Port Hueneme, Ca

CLASS CAPACITY: Normal:
Minimum:
Maximum:

Training Center,
93043

Training Center
93043

10
06

12

INSTRUCTOR REQUIREMENT PER CLASS: Class: 12/1
Pract:

COURSE CURRICULUM MODEL MANAGER: Naval Construction Training Center
PorC Hueneme, Ca 93043

CURRICULUM CONTROL: Chief of Naval Technical Training

QUOTA MANAGEMENT AUTHORITY: School at which taught.

QUOTA CONTROL: School at which taught.

APPROVAL/IMPLEMENTATION DATE: When approved by the Chief of Naval

Technical Training.
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HOW TO USE INSTRUCTOR GUIDES

Instructor Guides are provided for each topic and include supporting
instructional materials and aids identified by the topic number and

preceded by a letter code designation. The letter code key is as follows:

AS r- Assignment Sheet

JS - Job Sheet
IS - Information Sheet-
CN - Class Notes
OS - Operation Sheet
T - Test
FT - Final Test
TR - Transparencies
DS - Diagram Sheet
PS - Problem Sheet
PT - Pretest
PE - Performance Evaluation
WS - Work Sheet
G - General (give a definition of item)

A complete listing of all supporting materials and aids is documented
with full descriptive titles in Annex.

The instructor guides are intended to be used as master lesson plans

subject to personalization by the individual instructor. In all cases, it

is expected that the instructor will study the references in preparation
(or annotating theguide. It is also expected that each instructor will
develop an appropriate introduction for each topic that-will (1) create
interest, (2) show the value of the topic to the student, (3) relate the
topic,to previouS and future topics in the course, and (4) communicate the

learning objectives to the student. Will prepared introduction will then
provide the important motivational conditioning to tstablish readiness and

effect for learning appropriate to each topic.
-

The first page of each instructor guide contains- the following functional

information:

1. Topic of lesson.
2. Time in periods.

3. References.
4. Instructional Materials.
5. Instruction Aids.

6. Objgetives.
7. Topic criterion test (as applicable).

8. Homework assignment (when applicable).
9. Tools and materials.



The pages following page 1 of each instructor guide provide in a
three-column format the teaching/learning procedures for conducting the lesson.
The left-hand column includes the outline of instructional content required
'by the objectives; the center column includes recommended instructor Activities
or methodology; the right-hand column contains recommended ntudent learning
activities.

While the methodologY and student learning activities documented in
each instructor guide have been tested and proven to be effective for
the lead school, those schools implementing this curriculum are encouraged
to exerbise creativity in designing learning exercises and conceiving
methods and techniques to meet course objectives.

vi



COURSE DATA PAGE

COURSE MISSION: To train selected Engineering Aids in tht knowledge

and technical skills defined by the Personnel Readiness,and Capability.

Program for Engineering Aids 410.2.

PERSONNEL AND RATING ELIGIBLE: E-3 thru E-6.

OBLIGATED SERVICE: N/A

NOBC/NEC.: N/A

PHYSICAL REQUIREMENTS: N/A

SECURITY CLEARANCE REQUIRED: VA

PREREQUISITES TRAINING AND/OR BASIC BATTERY TEST SCORE REQUIRED:

Special Construction Battalion Training Course 410.1

RELATED TRAINING: None

FOLLOW-UP TRAINING : None

Performance will be evatuated on a go/no go basis.

(
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OUTLINE OF INSTRUCTION

PHASE I

TOPIC Unit 1.1 CLASS PRACT TOTAL PAGE

Introduction and Safety

1.1.1 Introduction and Safety 1 0 1 3

Unit 2

Construction Surveying

1.2.1 Construction Surveying 3 0 3 3

L.2.2 Horizontal Control 3 4 7 3

1.2.3 Vertical Control 1 6 7 4

1.2.4 Topographic Survey 3 7 10 4

1.2.5 Road Surveying 2 7 9 4

1.2.6 Road Surveys 2 4 6 4

1.2.7 Horizontal Curves 3 9 12 4

1.2.8 Vertical Curves 2 5 7 5

1.2.9 Grade and Earth Work Computations 2 5 7 5

1.2.10 Engineering Transit Adjustment 2 3 5 5

1.2.11 Level Adjustment 2 3 5 5

1.2.12 Utility Surveying 2 5 7 6

1.2.13 Building Layout 2 8 10 6

29 66 95

Total Periods Classroom: 30

Total Periods Practical: 66

Total Hours for Course: 96

Total Weeks for Course: 3 weeks.

* All periods represent 60 minutes of actual instruction.

_/
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OUTLINE OF TRAINING OBJECTIVES

Unit 1.1 Introduction Contact Hours: 1

Terminal Objective: Upon completion of this unit the student will have

registered for the course, received text books, and .complied with
NAVCONSTRACEN and CBC Regulations governing the reporting and fighting

.of fires which pertain to him as a SCBT student.

Topic 1.1.1 Introduction and Safety Contact Hours: 1

Enabling Objective: Upon completion of this topic the student will be

able to answer orally specific questions pertaining to the mdssion, reg-
ulations and organization of the command, and the method of reporting

and fighting fires as established by NAVCONSTRACEN and CBC regulations.

Unit 2. Construction Surveying Contact Hours: -95

Terminal Objective: Upon completion of this unit each student will have
performed engineering surveys related to area abd route surveying. The

student will have acted as a member of a survey party;_performing the duties

of each member, meeting the 'requirements of this unit. CondJtions and

standards are as set forth in individual topic objectives.

Topic 1.2.1 Construction Surveying Contact Hours:

Enabling Objectives: Upon completion of this topic each student will .

identify,the types of construction surveys, basic surveying procedures and

safety practices, be issued surveying equipment on a party basis. In

-order to perform these requirements the student will use the student texts,

Naval Mobile Construction Battalion Table of Allowance Kit 0045A/80010,

Surveyors Equipment and instructor guidance. The minimum student require-

ments will be evaluated on his performance in the field for basic surveying

procedures and safety practices while performing construction surveys re-
quired by the remaining topics of this unit and 100% percent accuracy when

inventorying party kits.

Topic 1.2.2 Horizontal Control Contact Hours: 7

Enabling 0Ejectives: Upon completion of this topic each student will while

working gifaA,rnember of a survey party and performing all dutiAs of instrument

man, rodman, notekeeper and chainman; establish horizontal control for re-

lated follow on topics. This will be done by follwoing the procedures set
forth in this instructor guide and Engineering Aid 3 & 2 for traingulation

and reducing traverses. All student responses will be 100% accurate for

3 order surveying precision.

3



Topic 1.2.3 Vertical Control 'Contact Hours:

Enablfng objectives: Upon completion of this topic each student will

while working as a member of a survey party and performing all duties

of instrumentation, rOdman and notekeeper; establish vertical control

for the following topics of topographic and road surveying. All sur-

veying procedures will be as specified in Engineering Aid 3 & 2, and

this instructor guide. Student results will be to third order with

100% accuracy for procedures and calculations.

7

Topic 1.2.4 Topographic Survey Contact Hours: 10

Enabling Objectives: The student while working as a member of a survey

party performing the duties of instrumentman, rodman, and notekeeper will

develop a topographic map by use of statia, trigonometric leveling and

the controlling point system. Procedures will be as set forth in this

instrudtor's guide and Engineering Aid 3 & 2, NAVPERS 10634-B. All

student responses will be 100% accurate for 3 order surveying precision.

Topic 1.2.5 Road Surveying Contact Hours: 9

Enabling Objectives: Upon completion of this topic each student will have

performed the procedures involved in road surveying for location and layout.

Each student will act as chairman, rodman, notekeeper and instrumentman in

Meeting the requirements_of this topic. All procedures will be as outlined

in this topic and Engineering Aid 3 & 2 NAVPERS 10634-B, Chapter 16. All

survey work will be to third order accuracy, all profiles to the nearest

1/10 foot and all cross sections to the nearest 1/10 foot. All math

computations will be 100% percent accurate as checked.

Topic 1.2.6 Road Surveys Contact Hours: 6

Enabling Objectives: Upon completion of this topic each student while

working as a member of a survey party and performing the duties of in-

strumentman, rodban, notekeeper, and chainman will stake out the,road

designed in topic 1,2.5, "Road Surveying". Students will follow the pro-

cedures established by this instructor's guide and Engineering Aid 3 & 2

for setting centerkine and related grade stakes and slope stakes. All

studeili field work will be 160% for procedures and to third order for

surveying accuracy.

Topic 1.2.7 Horizontal CurveS Contact Hours: 12

Enabiing Objectives: Upon completion of'this topic the student will be

able to design a horizontal curve and set up field notes for Use by a survey

party; consiSting of four (4) students who will perform all :he duties of

an instrumentman, chainma, and notekeeper in laying out the ,:urve on the

road centerline established by topics 1.25 "Road Suiveying", and 1.2.6

"Road Stakes". Design and layout procedures and computation.; will be as

specified in this instructor's guide and Engineering Aid 3 & 2 NAVPERS

106347B. Students will be 100% correct for all computations and pro-

cedures for designing the curve and in setting up the field lotes; all

field work performed by the survey party will be to 3rd order precision.

4
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7
Topic 1.2.8 Vertical Curves Contact Hourst

Enabling Objectives: Upon completion of this topic each student will be
able to a vertical curve and set up field notes for use by a
survey party; consisting of four (4) students who will perform all the
duties of an instrumentman, chainman and notekeeper; in laying out the
vertical curve on the road centerline established by topics 1.2.5 "Road
Surveying", and 1.2.6 "Road Stakes". Design and layout procedures and
computations will be as specified in.this instructor's guide and Engineering
Aid 3 & 2, NAVPERS .10634-B. Students will be 100% correct for all com-
putations and procedures for designing the vertical curve and in setting
up the field notes; all field work performed by the survey -party will be
to 3rd order precision.

,

Topic 1.2.9 Grade and Earthwork domputaaons -Confect Hours:. 7

.Enabling Objectives: Upon completion of this topic the student will have
fixed grade.as specified by the instructor, computed earthwork volumes
using both the AVERAGE END AREA and PRISMOIDAL FORMULA methods aad draw
the mass diagram. The student will use the rough profiles and cross sec-
tions from topic 1.2.4 "RoAct Surveying", instructor guidance and Engine-
ering Aid 3 & 2, NAVPERS 10634-B in meeting the requiremeata of this
topic. Each student will perform his awn calculations. Ali math com-
putations will be 100% percent, all earthwork volumes as individually
calculated, will be within 5% percent as a party for accuracy.

'Topic 1.2.10 Engineers Transit Adjustment Contact Hours: 5

Enabling Objectives: Upon completion of this topic each student will be
able to perform the proper sequence of transit adjuatment and test in the
field. The student reference materials and guidance of the instructor may
be utilized in the performance'Of the requirements of the topics found in
the SCBT 410.2 EA JS 1.2.10.1. -Students will test each adjustable transit
part until such errors are neutralized, and will be capable of attaining a
third order accuracy when used in survey.

Topic 1.2.11 Level Adjustment Contact Hours: 5

Enabling Objectives: Upon completion of this topic eadh student will be
able to adjust the dumpy, wye and self leveling levels. Procedure for
testing and adjusting levels shall be set forth by this instructor's
guide and Engineering Aids 3 & 2, NAVPERS 10634-B. Students shall test
and adjust the levels until all errors are neutralized and the instrument
is capable of attaining 3rd order accuracy when used in surveying operations.

5



Topic 1.2.12 Utility Surveying Contact Hours: 7

Enabling Objectives: Upon completion of this topic the student will be
able, while acting as a member of a survey party, perform a utility survey,

staking out a gravity flow sewer line. Procedures will be as outlined in
this topic, Engineering Aid 3 & 2, NAVPERS, 10634-B. Student work will

be accurate to 0.01 of a foot per 25 foot station.

Topic 1.2.13 Building Layout Contact Hours: 10

Enabling Objectives: Upon completion of this topic each student will be

able to layout a married pre-engineered steeling building (2-40' x 100') while
acting as a chainman, rodman, instrumentman and notekeeper in a survey

party. Procedures will be as outlined in Engineering Aid 3 & 2, NAVPERS,

10634-B, Chapter 16, page 532 through 534 and Manufacturer's Drawings and

Specifidations. Student application will'be checked by measuring the di-
agonal with an accuray of + 1/16 inch as measured on the diagonal and
checked against each other and the computed diagonal distance.

2,



ANNEX I

TEXTS

1. Engineering Aid 3 & 27 NAVPERS 10634-B

2. Engineering Aid 1 & C, NAVEDTRA 10635-B

A-I-1
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ANNEX II

REFERENCES

1. NAVCONSTRACEN Instruction 5400.4

2. NAVMAT P-5100, "Safety Practices for Shore Activities".

3. Engineering Aid 1 & C, NAVEDTRA 10635-B.

4. Engineering Surveys (Elementary and"Applied) Rubey, Lommel, Todd.

5. Surveying: Theory & Practice, 5th Edition. Davis, Foote and Kelly.

6. Sbrveying, Legault, McMaster, Marlette.

7. Surveying Practice, Philip Kissan.

8. NMCB Table of Allowance, Kit 800/0

9. Surveying Theory and Practices, Tracy.

10. Elementary Surveying, Breed & Hosmer.

A-II-1



ANNEX III

TOOLS, EQUIPMENT AND MATERIALS:

EQUIPMENT:

1. Kit Surveyor Equipment F/4-1en

/COG STOCK NUMBER

03rre4t,

ITEM
QUAN. COST

EXT.

COST

9QG 5120-203-4656 Hammer Engnrk2 1/2 lb. 1 ea. $ 1.80 $ 1.80

9QG 5120-900-6096
)Hammer Sldg Dbl FC 8 lb.

w/Fiberglass handle.

1 el. 7.53 7.53

9QG 5210-224-8794 Plumb Bob Surv 16 oz. 4 ea. 2.83 11.32

9QG 5210-243-2878 Tape Measure Steel 300 ft. 1 ea. 40.00 40.00

9QG 5210-267-1949 Clamp Handle St1 Tape 2 ea. 2.83 5.66

9QG 5210-273-1958 Sheath Plumb Bob
4 ea. 1.18 4.72

9QG 5210-288-8759 Repair Sect 5/16 Stl.tape 1 Ex. .76 .76

9QG 5210-293-0041 Repair Kit St1 Meas Tape 1 ea. 27.30 27.30

9QG 5210-293-2295 Tape Meas St1 Survey Open Face 2 ea. 13.75 27.50

100 Ft.

70Z 5210-469-8117 Rule Eng Wood Folding 6 Ft. 4 ea. 2.50 10.00

70Z 5210488-0365 Tape Meas Fbrglas 100 Ft. 1 9.00 9.00

9ZD 5315-161-9815 tack Stake
14 rd. .08 1.12

9ZD 5315-543-3021 Nail Drive Screw in F/Concrete

Masonry 5 lb. pg. 1 Pg 2.50 2.50

9ZD 5315-543-3022 Nail Drive Screw 2 3/4 N 1 Pg. 1.90 1.90

1HB 6605-846-7618 Compass Lensatic Dry W/CS 2 ea. 10.50 21.00

9GD 6675-245-6680 Arrow Survey Rd-Wht 14 lg. 1 Se. 3.50 3.50

9GD 6675-281-2123 Surveyors Lthr
1 ea. 18.00 18.00

9CL 6675-4/0-N,08
rarp-' Plumb Bob Cord Pls. f ea, .50 3.00

"uu, e urvey f, IT' Ft. 5.38 21.52

A-1If-1



T'il-,:EQUIPMENT AND MATERIALS (Cont'd) QUM COST COST

90) 66 1 ',-6.4 1-1161 I,(v& I Su ripv lind 6 3/2 Abney 2 Oh 27.50 55.00

9CD 66/5-641-5/13 Rod LeVel C N-flx 7P 2 en 32.20 64.40

YGD 6675-802-9750 Transit Survey w/Tripod 1 ea 671.06 671.00

\\
,

9G46675-869-8053 Level Survey w/Tripod 1 ea 507.00 507.00

9GG 7510-161-5675 qrayon Lumber Blue 2 dz. .45 .90.

9QG 7510-189-7881 Pencil Drawing 3H 1 dz. .35 .35

9QL 7510-634-6516 Crayon Lumber Red 2 dz. .49 .98

9QG 7530-263-2829 Book Engineer Trans 6 ea. 2.37 14.22

9QL 7530-263-2830 Book Engineer Level 6 ea. 1.03 6.18

OQG 9905-542-4504 Ribbon Flagging Surv Red 6 Ro. .25 1.50

9QG 9905-684-4646 RiVbon Flagging Surv Wht 6,Ro. .23 1.38

MISCELLANEOUS MATERIALS:

File 6 ea.

Bull Point 6 ea.

Machete 6 ea.

Thermometers 6 ea.

Graph Paper 3 ro.

Engineer's Scale 12 ea.

Architect's Scale 12 ea.

Profile paper 4 ro.

,
23-
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ANNEX IV

TRAINING AIDS:

Transparencies:

1. 12-1103 1.1T-22, Two peg test.

9. 12-11017.1T-31, Different types of crosshairs.

Locally Prepared Materials:

1. Data Sheets.

a. SCBT 410.2 EA DS 1.2.10.1, Building Layout.

2. rnformation Sheets.

a. SCBT 410.2 EA IS 1.2.3.1, Vertical Control.

b. SCBT 410.2 EA IS 1.2.7.1, Horizontal Curves.

c. SCBT 410.2 EA IS 1.2.7.2, Arc and Chord Definition.

d. SCBT 410.2 EA IS 1.2.7.3, Horizontal Curve Formulas.

e. SCBT 410.2 EA IS 1.2.7.4, Sample Note Format (Horizontal Curve)

f. SCBT 410.2 EA IS 1.2.7.5, Curve Computation and Correction Tables.

g. SCBT 410.2 EA IS 1.2.8.1, Sample Note Formats (Vertical Curve)

h. SCBT 410.2 EA IS 1.2.9.1, Volume Determination

1. SCBT 410.2 EA IS 1.2.9.2, Example Converted Soil Volumes.

j. SCBT 410.2 EA IS 1.2.9.3, Mass Diagram

3. Job Sheets

a. SCBT 410.2 EA JS 1.2.10.1, Transit Adjustment

4. Problem Sheets.

a. SCBT 410.2 EA PS 1.2.2.1, Adjusting Angles

b. SCBT 410.2 EA PS 1.2.2.2, Traverse Computations

A-IV-1



(2) Problem Sheets (Cont'd)

,

c. SCBT 410.2 EA PS 1.2.4.1, Contour Interpolation

I
d. SCBT 410.2 EA PS 1.2.8.1, Vertical Curves

A-IV-2
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TRAINING AIDS EQUIPMENT

Projectors:

1. Overhead.

,

ANNEX V

.e:

(
I
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(_I
ANNEX VI

FORMS:

1. None

I

r

.,

2 9

..
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Date Prepared: 5 December 75

ANNEX Vfl

MASTER SCHEDULE

FIRST WEEK

TYPE PERIOD TITLE RATIOTOPIC NO.

FIFST DAY

1.1.1 C 1 Introduction and-Safety 12/1

1.2.1 C 2 Construction Surveying 12/1

3

4

1.2.2 C 5 Horizontal Control 12/1

6

7

SECOND DAY

1.2.2 P 8 Horizontal Control 12/1

9

10

11

1.2.3 C 12 Vertical Control 12/1

13

14

THIRD DAY
4-

1.2.3 P 15 Vertical Control 12/1

16
17

18

-1.2.4 C 19 Topographic Survey 12/1

20
21

FOURTH DAY

1.2.4 P 22 Topographic Survey 12/1 '

23

24

25

26

27

28

FIFTH DAY

1.2.5 C 29 Road Surveying 12/1

30

P 31
12/1.

32
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Swim, .,01

TOPIC NU. 'Mg PP,RtOb IITLg RATIO

FIRST DAY

1.2.5 P 1 Road Surveying 12/1

2

3

4

5

1.2.6 C 6 Road Surveys 1211

7

SECOND DAY
10-

1.2.6 P 8 Road Surveys 12/1

9

10

11

1.2.7 C 12 Horizontal Curves 12/1
13

14

THIRD DAY

1.2.7 p \\ 15 Horizontal Curves 12/1
6

18\

19

20

21

FOURTH DAY

1.2.7 p 22 Horizontal Cutves 12/1

23

1.2.8 C 24 Vertical Curves 12/1

25

26 12/1

27

28

FIFTH DAY

1.2.8 P 29 Vertical Curves 12/1

30

1.2.9 C 31 Grade and Earthwork Computations 12/1

32
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THIRD WEEK

TOPIC NO. TYPE PERIOD TITLE

Computations

Adjustment

.P1RST DAY

C

1

2

3

4

5

6

7

.'Grade mid Earthwork

Engineering Transit

12/1

12/1

1.2.9

1.2.10

SECOND DAY

1.2.10 P 8 Level Adjustment 12/1

9

10

1.2.11 C 11 Transit Adjustment , 12/1

. 12

P 13 12/1

14

THIRD DAY

1.2.11 P 15 Level Adjustment 12/1

1.2.12 C 16 Utility Surveying 12/1

17

P 18 ,

19
20
21

FOURTH DAY

1.2.12 P 22 Utility Surveying 12/1

1.2.13 C 23 Building Layout 12/1

24 .

P 25

26
27

28 1

FIFTH DAY

1.2.13 P 29 Building Layout 12[1

30
31
32

A-1111.-3



Classification: Unclassified

ToPic: Introduction and Safety

Average Time: 1 Period (Class)

Instructional Materials:

A. Texts: None

SCBT 400-490 EA IG 1.1.1

NAVAL CONSTRUCTION TRAINING CENTER

. .PORT HUENEME, CALIFORNIA 93043

ENGINEERING AID SCBT 400-490

Terminal Objective: Upon completion of this unit

the student will have registered for the course, .

received text books, complied with NAVCONSTRACEN

and CBC regulatiofis governing the reporting and

fighting of fires which yertain to him as a SCBT

student.

B. References:
Enabling Objettivet. Upon completion of this topic

the student will be able to answer orally specific

1. NAVCONSTRACEN Instruction 5400.4 (Current Series)) questions pertaining to the mission, regulations .

Organization Manual of NAVCONSTRACEN
and organization of the Command, and the method of

reporting and ffghting fires as established by

2. "Safety Practices for Shore Activities", NAVMAT P-5100, NAVCONSTRACEN and CBC regulations.

(Jan 73) Criterion Tests: The student will answer orally

C. Tools, Equipment and Materials:
speciiic questions pertaining to the mission,

regulations and organization of the Command, and

1. See Annex III of Curriculum,
the method of reporting and fighting fires as

established by NAVCONSTRACEN and CBC Regulations.

D. Training Aids and Devices: Homework: None

None.

E. ,Training Aids Equipment:
1

1. None.

(1 of T)
34



OUTLINE OF INSTRUCTION

I. INTRODUCTION TO THE LESSON

A. Establish Contact.

1. Name:

2. Topic: Introduction and

B. Establish Readiness

1. Purpose

2. Assignment

C. Mstablish Effect

1. Value

a. Pass course.

afety

b. Perform better on the job.

D. Overview:

1. You will he able to answer orally specific

questions related to the mission, regula- 4'

tions and organization of the Command, and

the methods of reporting and fighting a.fire

as established by NAVCONSTRACEN and CBC reg-

ulations.

2. Ask questions.

3. Take notes

4. Testable

3

SCBT 400-490 EA IC 1.1.1

INSTRUCTOR ACTIVITY

1. Introduce self and topic.

2. titivate student.

3. Bring out need and value

of materiel being presented.

4. State learning objectives:

a. State information and
materials necessary to guide

student.

(2 of 7)

STUDENT ACTIVITY

3 6



OUTLINE OF INSTRUCTION

II. PRESENTATION:

A. Introduction

1. Mission

a. Special training course

b. Higher state of readiness,

c. Compliance with COMCBPAC Instruction.

2. Organization and Chain of Command

a. Commanding Officer

b. Executive Officer

c. Training Officer

d. School Department Officer

e. Division Director

f. Senior Instructor

h. Class Pet.ty Officer

3. Regulations and policies

a. Break procedures

b. Uniform regulations

(1) Working uniform of the day.

(a) Must be neat and clean.

SCET 400-490 EA IG 1.1.1

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(3 of 7)



OUTLINE OF INSTRUCTION

c. Absenteeism

(1) Must be kept to a minimum.

(2) -Medical or dental sick call.

(3) Permission to be absent.

d. Parking

(1) Where

(2) When

(3) How

e. Visitors and phone calls

f.

g.

(1) Emergencies only.

(2) Phone numbers

(a) School number

Lost or damaged material

(1) Text books

'(2) Publications

(3) Tools

(4) Materials

(5) Statement of charges

Clean-up procedures

SCBT 400-490 EA IG 1.1.1

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

40
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OUTLINE OF INSTRUCTION

41

me

h. Problems

(1) Scholastic

(2) Personal

r(3) Counseling assistance

4. Standards of student performance

a. Written examinations -
/

b. Homework assignments,

'c. Practical application

5. Course ouhine

a. Course mission

b. Course bbjectives

c. Reading assignments

d. Class schedule

6. Grading system/

a. Homework

b. Practical application

QuiAes ,

d. Weekly tests

Final examination

SCBT 1.i.1

INSTRUCTOR ACTIVITt F _71:717Y

\ (5 of 7)'
0



OUTLINE OF INSTRUCTION

B. Safety

1. Reporting accidents

a. Class safety man

b. Instructor

_ _c. gchool director

d. First aid when appropriate.

2. Fire safety

a. Evacuation routes

b. Reporting fires

c. Fighting fire

(1) Location of extinguishers.

III. APPLICATION:

A. Discussion

IV. SUMMARY:

A. Introductiion

1. Mission

7 Organization and Chain of Command

3. Regulations and Policies

INSTRUCTOR ACTIVITY

SCBT 400-.)
criVicT TZITIT

B.1.a. Pick safety man and

explain job.

III.A. Questions

To be developed by the
instructor.

(6 of 7)

III.A. Answers

44



4

OUTLINE OF INSTRUCTION

4. Standards

5. Course Outline

6. Grading System

B. Safety

1., Reporting accidents

2. Fire safety

V. TEST:

A. None

INSTRUCTOR ACTIVITY

(7 of 7)

SCBT ".
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3-2
SCBT 410.2 EA IG 1.2.1

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCHT) 410.2

- Classification: Unclassified

Topic: Construction Surveying Terminal Objective: Upon completion of this unit each

student will have performed engineering.surveys related

Average Time: 3 Periods (Class) U Periods (Pratt) to area and conLe suLveying. The studeak. will ;Lave acted

as a member of a survey party, performing the duties of

Instructional Materials: each piember, meeting the requirements of this unit. Con-

ditions and standards are as set forth in individual

A. Texts: topic objectives.

.1. Engineering Aid 3 & 2, NAVPERS 10634=B. Enabling Objectives: Upon completion of this topic each

student will identify the types of construction surveys,

2. Engineering Aid 1 & C, NAVPERS 10635-A, bilsiC surveying procedures and safety practices. Be issued

surveying equipment on a party basis. In order to perform

B. References: these requirements the student ifill'use the student texts,
Naval:Mbbile Construction Battalion Table of Allowance

1. Surveying - Legualt, McMaster, Marlette. Kit 0045A/80010, Surveyors Equipment and instructor gui- ,

dance. The minimum student requirements wfll be evaluated

2. Engineering Surveys (Elementary and Applied) on his performance in the field for basic surveying pro-

Rubey, Lommel, Todd. cedures and safety practices while performing construction
surveys requiredoby the remaining topics.of this unit and

3. Surveying Practice, Philip Kissam. 100% percent accuracy when inventorying party kits.

4. sna Table of Allowance, kit 800/0.

C. Tools, Equipment and Materials:

1. smga TOA 00405A/80010 Kit, Surveyors
Equipment.

D. Training Aids and Devices:

1. None.

,E. Training Aids Equipment:

1. None
(1 of 22)

Criterion Test: Each student will be evaluated upon his

performance of basic surveying procedures and safety
practices when performing the requirements of the re-
maining topics of this unit and 100 percent accuracy
when inventorying party kits.

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B. pp.

Engineering Aid 1 & C, NAVPERS 10635-A, pp.

48



OUTLINE OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name.

2. Topic: Construction Surveying.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Vglue.

a. Pass course.

D. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

D. Overview:

1. You will be able to identify the types
of construction surveys, basic sur-
veying procedures and safety practices
and be issued kit,"surveyoy's equip-
mentsto be used for practical ap-
plication.

2. Take notes.

3. Ask questions

4. Testable.

43 (2 of 22)

3 3
SCBT 410.2 EA IG

INSTRUCTOR ACTIVITY STUDENT ACTIVI7V

1.A. Introduce self and topic.,

I.B. Motivate student

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

I.D.1. State information and
materials necessary to guide
student.



OUTLINE OF INSTRUCTION

II. Presentation.

A. Construction Surveying Categories.

1. Area Surveying.

a. Construction projects in an area.

(1) Buildings, dams, bridges,
airfields, etc.

b. Involves two ba6ic problems.

(1) Obtaining data from the field
to develop a plot plan.

(2) Laying;out.of a project in the
field from an existing plot plan.

7. Route surveying.

a. Construction projects in length.

(1) Roads, canals, pipe lines,
power lines, etc.

1-. Must have starting and finishing
points.

(1) May or may not be exactly defined.

(a) During reconnaissance phase
points may be only roughly
defined.

(3 of 22)

INSTRUCTOR ACTIVITY

3X
SCBT 410.2 EA IG

STUDENT ACTIVITY

52



OUTLINE OF INSTRUCTION

(b) Upon completion of survey
points will be defined using
an exact method, commonly
by latitude and departure.

c. Route surveys normally involve four
different subdivisions,

(1) Reconnaissance - made to
determine general conditions.

(a) Is a rapid and rough iurvey
or examination of ehe
territory involved in A
proposed project.

(b) Steps.

1. Secure best maps.

2. Go over area.

3. Determine elevations.

4. Study support features.

(2) Preliminary survey - a more
careful instrumental survey
or surveys of selected routes.

(a) Made by transit traversing
or compass traversing or
serial surveys.

(b) Run sp that it provides a
base for narrow topographic
maps.

(4 of 22)

35-
SCBT 410.2 EA IG

INSTRUCTOR ACTIVITY STUDENT ACTIV-ITY

5 4



OUTLINE OF INSTRUCTION

(c) Older preliminary surveys .

included travers party,
level party and topographic
party.

(d) Precision is 1as required

for topographic maps.

(3) The final location survey gives
the exact location of the
center line.

(a) Usually run with a precision
of from 1/2000 to 1/5000.

_

(b) Minor location changes as
required by field conditions
are made at this time.

(c) Curves layout.

(d) Profiles and cross sections
are run.

(e) Detailed plans-are worked
up now.

(b) Construction surveys - controls
actual construction.

(a) Sets additional references.

(b) Sets all construction stakes.

(c) Inspects and passes on the
construction work. .

(5 of 22)

3 6
SCBT 410.EA IG 1.2.1

INSTRUCTOR ACTIVITY . STUDENT ACTIVITY

..

56



OUTLINE OF INST*UCTION

d. In this class we will.deal primarily
with steps 3 and 4.

(1) Class.projects will include.

(a) 2 (40' x 100') R.F. pre-
engineered building with a
T shape.

(b) You will layout a road which
will include a horizontal
and vertical curve, slope
stakes, ditches and other
related work and computation.

B. Basic surveying review.

1. Accuracy of surveys.

a. Precision varies with type of work
involved.

b. Usually determined by Officer or
Petty Officer-in-Charge.

c. Type of measurement requires the
surveyor to make practical analysis
and choose the appropriate methods
and procedures.

(1) 'Allowable time.

(2) Sieuation.

(3) Capabilities of construction
workers.

(4) Prevailing conditions.

(6 of 22)

3 7
SCBT 410.2 EA IG 1.2:1

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

,
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OUTLINE OF INSTRUCTION

d. The best surveyor runs the job to

ITWorder
minimum of wasted time not the one
who requires extreme precision at
all times.

2. Field notes.

a. Quality and character of field notes
are as important as a surveyors use

of instruments.

INSTRUCTOR ACTIVITY

b. Competence measured by the comprehensiveness)
neatness)and reliability.

c. Notes, sketches and numerical data can
only be interpreted in one way, the
correct way.

d. Office entries often made in red, must be

different:

e. Good rules to follow when taking field
notes are:

(1) Use a well pointed pencil.

(2) Do not crowd data.

(3). Keep sketches plain and
uncluttered.

(4) Record numerical values to
required, example: nearest 0.01

not '5.3 feet but 5.30 feet.

(7 of 22)

SCBT 410.2 EA IG 1.2.1
STUDENT ACTIVITY

Gj



OUTLINE OF INSTRUCTION

(5) Use exkflatory notes to

supp1dmeRt numerical-data
and sketches.

(6) Follow correct format.,

G I

3. The important considerations in field work.

a. Study of the field problem.

(1) Mentally go through the various
steps involved by asking yourself
these questions.

(a) What is the purpose of the
survey.

(b) What degree of precision is
required for that purpose.

(c) What type and precision of
control must be established.

1. Is there any existing
control that can be used.

(d) With what precision must each
measurement be taken.

(e) What are the sources of
errors.

(0 What methods must be employed
to keep these errors within
'allowable limits.

(8 of 22)

INSTRUCTOR ACTIVITY

3
SCBT 410.2 EA IC 1.2.1

STUDENT ACTIVITY

62
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OUTLINE OF INSTRUCTION

(g) What instruments should be
used to facilitate the work.

(h) How may 'the work,be organized
to reduce the labor to a
minimum.

/70

SCBT 410.2 EA IG 1.2.1

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(i) Hc» is the correctness of thc
work to be verified.

b. Prepare a list of necessary equipment. c

C.

(1) Important.

(a) Facilities getting equipment
together.

(b) ,Avoid the dilemna of being
caught miles away from the
office without a necessary
piece of equipment.

(2) Examine equipment before going into

the field.

(a) Student have taken broken
equipment out with them.

(b) And other goofs such as taking
out a tripod with threading
that did not match that of
the instruments.

Speed.

(1) Secondary to accuracy as far as
students are concerned.

(9 of 22)
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OUTLINE OF INSTRUCTION

.(a) However, most students are

just too slow due to lack of
self confidence and/or lack
of attention to the task.

1. Can be remedied by the
following (3h and 3c).

(2) Requires practice in handling the

instruments.

(a) So at every opportunity
practice the proper mechanics
in handling all of the

instruments.

1. Come in.for night study
to get that exEra
praotice most of you need
because the time in the
field during the day is

limited.

2. Students have a tendgncy

to work with only
certain instrumentg for
personal reasons and fail:
to develop the necessary
skills in the use of all

instruments.

(b) Secrets of successful use of

an instrument.

1. Forthation of a set of
standard habits in the
way you use the instruments.

(10 of 22)

SCBT 410.2 EA IG

INSTRUCTOR ACTIVITY STUDENT ACTIVItY



OUTLINE OF INSTRUCTION

6

2. Clear knowledge of
exactly what the
instrument is and wh t

it can do.

3. An underi3tan ng of the

ever-present necessity

fcr apeed.

(3) Work must be carefully planned

and systematized.

(a) Most important factor in
achieving speed and satis-

factory results.

I. Know what your art going'
to do.

2. How you 'are going to do it.

.3. Then do it.

d. Habit of correcthess.

(1) No measurement correct until
verified.

(a) This is one attitude and
habit that no engineer can

do without.

(b) Mistakes in engiueering involve
too much time, lab6r and
material (in ond work-
money) to correct.

(11 of 22)

SCBT 410.2 EA IC
. _

INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY

(2) Method of check should differ
from original method of
measurement.

(a) Not likely to make 02 same
mistake over and over.

(3) All persons are liable to make

mistakes.

(a) We all have our bad days.

(b) Howeve, don't allow any
other person than yourself
discover the discrepancy.

(4) Habitual carelessness injurious
to your reputation.

(a) Even after one mistake,
people begin to doubt that any
of your work is or ever will
be correct.

e. Consistent precision.

(1) Precision of measurements should
be consistent with the purpose
of the survey.

(a) Learn to comprehend the
different types of work.

(b) Maintain a consistent degree
of precision throughout
each survey.

(12 of 22)

g3
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OUTLINE OF INSTRUCTION

(2) There is no fixed rule for the
relative precision of the
different classes of surveys.

(a) The objects and conditions
are too many and too comp
licated.-

(b) So if precision is not given
for your particular survey,
use common sense and math
ematics.

f. Requisites of a good surveyor.

(1) A thorough knowledge of the theory
of surveying and skill in the
practice are the principle
requisites.

(2) Yet it is also true that traits
11.af character and habit of mind

are far more potent factors in the
success of the engineer than is
more technical knowledge of skill.

(3) Some of the traits of character and
habits of mind which are essential
to an engineer.

(a) Maintain the attitude of the
scientist. that no result
is trustworthy until every
reasonable test of its
accuracy has been applied.

(b) Be reliable.

.1

(13 of 22)

SCBT 410.2 EA IG
INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

(c) Possess initiative and
attack each problem-with
resourcefulness and energy.

(d) Be thorough, not content with
your work until it has been
finished in a workman like
fashion.

(e) Be of sound judgment, able
to think without confusion
and to reason logically
without prejudice.

(0 Able to get along with
people, thoughtful of those
coming under his direction,
commanding the respect of
his associates, and watch-
ful of the interest of his
employer.

4. Sources of surveying information.

a. Military.

(1) Naval Facilities Engineering
Command (Yards & Docks).

(a) JAN & MIL STDS.

(b) A & E drawings.

(c) besign manuals.

(2) Records of previous battalions.

(14 of 22)

SCBT 410.2 L.
INSTRUCTOR ACTIVITY
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OUTLINELOF INSTRUCTION

(3)

(a) Maps.

(b) Survey data.

(c) Reports.

Public Works'Department.

(a) Maps..

(b) Blue prints.

(c) Survey data.

(4) Resident Officer-in-Charge of
Construction (ROICC).

(a) Jurisdiction.

(b) Survey daia.

(c) Plans and specifications.

b. Gevernment agencies.

(1) Department of the Army.

(a) Technical Manuals (TM).

(b) Topographic maps.

(2) U.S. Coast and Geodetic survey.

(a) Control data.

(b) Maps and charts.

(15 of 22)

'7*
SCBT 410.2 EA IG 1.2.1

INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

(c) Special publications.

(3) U.S. Navy Hydrographic Office.

(a) Charts.

(b) Hydro publications.

(4) National Bureau of Standards.

(a) Standardization of tapes.

c. Bureau of Land Management.

(1) Information concerning survey of
public land of the United States.

(a) Regulations.

(b) Methods.

(c) Maps of previous surveys.

(d) Data of previous surveys.

d. Superintendent of Documents, U.S.
Government Printing Office.

(1) Puhlishes and sells all the
maps, data and instruction
manuals of the above named
organizations.

(2) Many of the maps, data and
instruction manuals are at no

cost when ordered through the
Supply Department.

(16 of 22)

INSTRUCTOR ACTIVITY
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OUILINE OF INSTRUCTION

5. Safety in surveying.

a. The concern of every man in the party.

SCBT,pe2 EA IC 1.2.1
INSTRUCTOR ACTIVITY STUDENT ACTIVIIY

(1) Don't feel it's only the super-

visors and safety man's responsibility.

(2) So notify everyone in the area of a
. hazard.

b. Some of the danger points.

(1) Sharp tools.

(a) Safer when kept sharp.

(b) Sheaths are desirable for
carrying from one place
to another.

(c) When laid down temporarily,
place in such a way so that
injury cannot result to anyone.

(d) When using cutting tools, have
regard for yourself and those
around you.

c. Reapir of tools.

(1) Don't work with tools in need
of repair.

(a) Loose heads on any hand tools.

(b) Unsharp cutting tools.

Su
(17 of 22)



OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY

(c) Mushroomed heads on bull
points.

d. Pointed tools.

(1) Examples.

(a) Range poles.

(b) Chaining pins.

(c) Machete.

(2) Don't play with them.

(a) Danger involved.

(b) Damaged equipment.

(3) Carry,in such a manner as nut
to danger yourself or others.

(a) Know where the point is
at all times.

e. Stowing equipment improperly.

(1) Don't lay equipment down anywhere
it may cause an accident.

(a) Equipemnt laid where someone
is likely to trip over them.

(8) Rods and range poles leaned
against trees and buildings
in such a manner they fall
or are blown over.

(18 of 22)
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OUTLINE OF INSTRUCTION
SCBT,

INSTRUCTOR ACTIVITY STUDL:.

Stow equipment P(2) roperly when not
to be used for awhile.

f. Handling equipment improperly.

(1) Carry range poles and rods
vertically against your body

when near other people.

(2) Don't turn suddenly with equipment
horizontally On your shoulder or
in your hands.

g. Traffic.

(1) Let equipment operators know you
are working in the area.

.(2) Wear bright clothing or set out
caution signs when working near a
highway or runway.

(3) Have road guards o ,oaution signs
when surveying across a road or
runway.

(4) Improper clothing.

(a) Wear a cap to protect your-
self from the Oirect rays
of the sum.

(b) Wear sunglasses as protection
against glare.

(c) Weir the proper type of foot
wear and stockings.

(19 of 22)
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OUTLINE OF INSTRUCTION

(d) Wear Ehe type of clothing
necessary to protect you from

the weather and field hazards
(snakes, vegetation, insects,

etc.)

h. Knowledge of first aid essential.

(1) Reason - likely to be working at

a considerable distance from a

sickbay or hospital.

(2) First aid - you.should know how

to give.

(a) Sunstroke.

(b) Control bleeding.

(c) Snake bites.

(d) Set broken bones.

(e) Artificial respiration.

(f) Frostbite.

(g) Poisonous plants.

I. Important to carry a first aid kit

in the field.

(I) Far from a sickbay or hospital,

(2) Safetyman responsibility while
here at EA school.

(20 of 22)
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OUTLINE OF INSTRUCTION

(3) Party chief should have one made
up for his crew to take with
them in the field.

j. Knowledge of nearest first aid station
important.

(1) Find out nearest doctor, hsopital
(military or civilian) and sick
bay before taking crew into the
'field.

(2) Know the telephone numbers of
facilities where help is available.

C. Surveying equfspment.

1. Establqh parties and party chiefs.

2. Isbue survey gear.

a. Issue kits.

D. Review.

1. Ask students if thEy have any questions
pertaining to Basic Surveying before
proceeding to application.

Application.

SCBT 410.2 EA IG 1>z.1
INSTRUCTOR ACTIVITY STUDENT ACITVITY

II.C.1. Explain that each
person will perform,all
functions related to the
survey party.

II.C.2.a. Hold inventory,
stress care of instruments

II.C.2.a. Students
inventory gear and check

and equipment. Pass out TOA instruments for accuracy
print out. as per procedures taught

in SCBT 410.1 Basic
Surveying.

III.A. Questions

A. Questions and discussion 1. What are the two types
of construction surveys?

(21 of 22)

III.A. Answers

1. Area and route.
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OUTLINE OF INSTRUCTION

IV. Summary

A. Construction surveying.

1. Area surveying.

2. Route surveying.

B. Basic surveying review.

1. Accuracy of surveys.

2. Field notes.

3. The important considerations in field

work.

4. Sources of surveying information.

5. Safety in surveying.

C. Surveying equipment.

1. Establish parties.

2.. Issue kits.

D. Review.

V. Test.

A. See Criterion Test.

(22 of 22)
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INSTRUCTOR ACTIVITY

2. How is route surveying
sub-divided?

3. The best surveyors use
what order of percision?

4. Surveying notes should
have what?

5. What is considered im-
portant field work?

6. What information would
you find in the Public
Works Department?

7. Who in a survey party
is charged with safety?

410.2 EA IC 1.2.1
STUDENT ACTIVITY -

2. Reconnaissance,
preliminary, location
and construction.

3. Whatever the job
requiresand no more.

4. Quality & character.

5. To stddy the problem,
care and selection of
equipment, speed, habit
of correctness, consistent
precision & a thorough
knowledge of surveying.

.6. Maps, survey data,

blue prints.

7. Every man in the

party.



NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

classification: Unclassified

Topic: Horizontal Control

AverpaP Timp: 3 Periods (Class) 4 Periods (Pratt)

,Instructional Materials:

A. Texts.

1. Engineering Aid 3 & 2, NAVPERS 10634-B.

B.. References:

1. Engineering Aid, 1 & CI NAVEDTRA 10635-B

2. Surveying Theory and Prattice, 5th Edition,
Davis, Foote and Kelly.

C. Tools, Equipment and Materials.

1. See Annex III of Curriculum

D. Training Aids and Devices:

1. Films: None

2. Transparencies: None

3. Charts: None

4. Locally prepared Materials

a. Practice Sheets.

(1 of 15)

SCBT 410.2 EA IG 1.2.2

Terminal Objective: Upon completion of this unit each
student will have performed engineering surveys related
to area 'and route surveying. The student will have acted
as a member of a survey party, performing the duties of
each member, meeting the requirements of this unit.
Conditions and standards are as set forth in individual
topic objectives.

Enabling Objectives: Upon completion of this topic each
student will; while working as a member of a survey party
and performing all duties of instrumentman, rodman, note-
keeper and chainman; establish horizontal control for re-
lated follow on topics. This will be done by following
the procedures set forth in this instrUctor guide and
Engineering Aid 3 & 2 for triangulation and reducing
traverses. All student responaes will be 100% accurate
for 3 order surveying precision.,

Criterion Test: Each student while working as a member
of a survey party and performing all duties of instrument-
man, rodman, notekeeper and chainman will establish hor-
izontal control and wpredetermined trayerses net. All

procedures will be As prescribed by instructional materials
and Engineering Aid 3 & 2 for triangulation and reducing
traverses. All student responses will be 100% accurate
for 3 order surveying precision.

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B, Chapter 13 all.

94



(1) SCBT 410.2 EA IC 1.2.2. Adjusting

Angles:

(2) SCBT 410.2 EA IC 1.2.2. Traverse

Computations

E, Training Aids Equipment.

1. None

(2 of 15)



OUTLINE OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name.

2. Topic: Horizontal Control.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value

a. Pass course.

b. Get advanced.

c. ).Perform better on the job.

.5-Zo

SCBT 410.2 EA IG 1.2.2
INSTRUCTOR-ACTIVrri STUDENT ACTIVITY

I.A. Introduce self and topic.

I.B. Motivate student

I.C. Bring out need and value
of material being presented.

d. Be a better Engineering Aid.

4
overview: I.D. State learning objectives.

1. You will be able to establish horizontal I.D.1. State information and
Control. material necessary to guide

student.
2. Ask questions.

3. Take notes.

4. Testable.

(3 of 15)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

II. Presentation.

A. Horizontal Control.

1. The location in plan of control stations
by means of triangulation and/or traversing.

Aa extensive survey requires primary
\,

and secondary traverse system and/or
triangulation system.

b. Less extensive surveys requires only the
primary system is necessary.

2. Traversing.

a Primary.

(1) A relative term referring to
the degree of precision used on
a survey.

b. Secondary.

(1) Instrument stations from which
details are located.

(2) It may run simultaneously
with/or-separately from the
survey for the location
of details.

(3) Mivally run with a transit.

(a) Plane table 7 location
detail. V

(4 of 15)
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OUTLINE OF INSTROVUON

1. Avoid a large accumulation
of errors.

3. Triangulation.

a. Primary.

(1) Field stations are established.
on summits where visibility is
good, and signals are erected.

(2) One or more base lines are es-
tablished and measured.

(a) True azimuths are determined.

(3) When the field measurements have
been completed, the necessary
computations and adjustments
are made.

(4) Coordinates of each station are
computed for use in plotting.

b. Secondary.

(I) Employed in open country where
chaining would be difficult.

(2) Advantage - instruthent stations
can be chosen at strategic points.

(3) Unaffected by the cumulative
errors inherefit in traversing.

Computing and distributing error of
closure for traverse.

a. Checking and reducing angles.

(5 of 15)
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OUTLINE OF INSTRUCTION

(i) Begin traverse computations by
cheEking to ensure that all the
required angles (including closing
angles) were turned, and that
fhe notes cortectly indicate their

iizes.

(2) For deflection angles, check to

ensure that angles marked L or R

were actually turned, and should

have been wrned, in those dir-
ections.

(3) Check your sketches and be sure
they are in agreement with your

/ field notes.

(4) Reduce repeated angles to mean

angles.

I-. Adjusting angles.

(1) In a closed traverse, the theo-
retical or geometrical sum of
the interior angles is 1800 x

(n-2).

(2) The'sum of the exterior angles
is 180° x (n+2).

(3). The'difference between the sum

of the right deflection angles
and the sum of the left deflection
angles is 360°.

(6 of 15)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.A.4.b; Pass out SCBT II.A.4.b. Work problea

410.2 EA PS 1.2.2.4 and sheet.

have students work.
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102

(4) Any discrepancy between one of
these sums and the actual sum of
the angles as turned qr measured
constitutes the angular error of
closure.

(5) You adjust the angles in a
closed traverse by distributing
an angular error of closure
which is within the allowable
maximum equally among the angles.

(6) Procedures for adjusting angles
are outlined and examples are
given in EA 1 & C, Chapter 5.

c. Compute bearings.

(1) Beatings.

(a) Definition.

1. System of designated
direction.

(b) Measurement.

1. Horizontal angle, never
more than 900.

2. Measured from North and
South.

3. Forward bearing.

a. Direction of survey

(7 of 15)
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OUTLINE OF INSTRUCTION

4. Back bearing

a. 1800 from forward
bearing.

b. With reverse quadrants.

c. Will show any local
attraction.

5. Correct for local
attraction and convert
to true bearing.

a. Determine amount of
local attration.

(2) Azimuths,

(a) Definition;

1. Angle measured clockwise
from zero or 1800.

2._ Greater than zero, but
less than 360°.

3. Plane surveying usually
from North.

4. USC and GS from South.

5. True, magnetic Or assumed.

a. May be computed.

b. Read on a transit
circle.

(8 of 15)
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OUTLINE OF INSTRUCTION

(3)

oa

6. Correct for iocal at-
traction and convert'to
true azimuth.

a. East

D. West -

Computations.

(a) Bearings and Azimuths.

1. Given angles compute
.bearings.

2. Given bearing,
compute angle.

(9 of 15)-
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OUTLINE OF INSTRUCTION

3. Given bearing, compute

azimuth.

3.G.o-Uvo4.044.ta.

tclo

/go BEACIP4 AOh

4. Given azimuth, compute
bearing.

°GA cog .340 _

INSTRUCTOR ACTIVITY

I

114

BEAR! 44 "

/So

15Adc.smi Ae 181)
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5. Given one angle and one
. bearing, compute bearing

and azimuth.

d. Checking and reducing distances.

(1) Check to ensure that all required
linear distances have been chained.

(2) Reduce slope distances as required.

(3) If you broke chain on the slopes,
check to ensure that sums of break
distances were correctly added.

(4) Apply standard error, fension and
temperature corrections as

required.

Adjusting for linear error of closure.

(1) The procedure for distributing a
linear error of closure (one
within the allowable maximum, of
course) over the directions-and
distancts in a closed traverse I!s
called "Balancing" or "Closing"

the traverse.

(2) Before you can understand the
procedures, you must have a
knowledge of "Latitude" and.
"Departure.

(11 of 15)
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OUTLINE OF INSTRUCTION

112

f. Compute the latitude and departures.

(1) Latitude = Y = length multiplied
by cosine of bearing.

N = plus

S - wiuus

(2) Departure = X = length multiplied by
sine of bearing.

E = plus

W = minus

g. Compute the error.

(1) Begins and ends at same point,
the sum of the latitude and
sum of the departures should
both equal zero.

TE *Lats)2 (Departures)2

h. Compute the measure of accuracy or simply

the accuracy.

(1) This is a ratio or the total error
to the total length of the survey.

i. Adjust the latitude and departures.,

(1) Reasonable process that makes them
equal zero.

(12 of 15)
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(2) Two methods.

(a) Compass rule - apply cor-
rections in relation to the
length of the course.

Cor. = L
S

(3)

66
SCBT 410.2 EA IG

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

Cor. = Correction

C = Total error with sign changed.

L = Total length of survey.

S = lengfh of course.

(b) Transit rule - Apply correction
in proportion to the length of
the latitudes and to the de-
partures in proportion to the
length of the departures

C
Cor. =

s

C = Total error in sum with sign
changed.

L = Sum or latitudes (or departures)
with out regard to sign.

S = Length oi particular latitude
(or departure).

Correction must equal zero.

j. Compute the latitudes and departures.
Add the corrections algebratcally to the
adjusted latitudes or departures.

(13 of 15), 115



OUTLINE OF INSTRUCTION

k. Compute the coordinates if required.

1. Final operation.

(1) Plotting the traverse.

(a) Protractor and scale.

(b) Coordinates - if known this

is most accurate method.

(c) Covered in greater detail in

-topographic surveying.

m. Precision of control traverses.

(1) Discuss Engineering Aid 3 & 2,

NAVPERS 10634-B, Chapter 13,

Page 447.

III. Application

A. Diecussion

B. Practical performance.

6

(14 of 15)

INSTRUCTOR ACTIVITY

III.A. Questions

4'9 7
SCBT 410.2 EA IC 1.2 .

STUDENT ACTIVITY

1. In a primary trian-
gulation net stations are
usually set where?

2. A secondary triangu-
lation net is ususlly
used where?

Each student will

act as instrumentmen, note

keeper and rodman in a
survey party that is estab-

lishing horizontal control
over a predetermined course:

III.A. Answers

1. On summits where
visibility is good and
then signals are er-

rected.

2. In open country
where chaining would be

difficult.
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IV. Suramary

A. Borizontal Control

1. Definition

2. Traversing

V. Test: None

(15 of 15)

INSTRUCTOR ACTIVITY

Suggested Course:

SCBT 410.2 EA IG 1.2.2
STUDENT ACTIVITY

This problem should be worked
in conjunction with vertical
control, road surveying, and
topographic surveying problems.
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NAVAL CONSTRUCTION TRAINING CENTER
POkT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

PYOBLEM SHEET

TITLE: Adjusting angles.

OBJECTIVES: The purpose of this problem sheet is to develop your skills

in adjusting angles for traverse computations.

PROCEDURES:
x,

1. This problem sheet consists of five traverses which contain umd.

adjusted angles. Adjust the angles in each closed traverse and
distribute the angular error as outlined bithe instructor. If

you experience difficulties raise your hand and the instructor.

will assist you. Turn in the problem sheet to the instructor

by

NAME:

BATTALION/CLASS HO:

DATE:

(1 of 6)
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NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

PROBLEM SHEET

TITLE: Traverse Computations.

OBJECTIVE: The purpose of this problem sheet is to develop your skills
in traverse camputAtions.

PROCEDURES:

1. This problem sheet contains a given traverse for wbich you are to
adjust for the linear error of closure as outlined by the instructor.
If you experience difficulties raise your hand and the instructor
will'assist you. Turn in the problem sheet to the instructor by

NAME:

/ BATTALION/CLASS NO:

DATE:

(1 of 8)
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NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified

Topic: Vertical Control

Average Time: 1 Periods (class) 6Period8 (Pract)

A. Texts:

1. Engineering Aid 3 & 2,'NAVPERS 10634-B

B. References:

1. EngineeKkng Aid 1 & C, NAVEDTRA 10635-B

2. Surveying: Theory and Practice. 5th Edition
Davis, Foote and Kelly.

C. Tools, Equipment and Materials:

1. See Annex III.

C. Training Aids and Devices:

1. Films: None

2. Transparencies: None

3. Charts: None

4. Locally Prepared Materials:

a. Information Sheets.

(1) SCBT 410.2 EA IS 1.2.3.1

(1 of 9)

Terminal Objective: Upon completion of this unit each
student will have performed engineering surveys related
to area ond route surveying. The student will have acte
as a member-of a survey party, performing the duties of
each member, meeting the requirements ok" this unit. Oon
ditions and standards are,1 set forth in individual
topic objectives.

Enabling Objectives: Upon completion of tills topic each
student will;,_while working as a member of a survey part
and performing.all duties of instrument man, rodman, and
notekeeper; establish vertical control for the follow on
topics of topographic and road surveying. All surveying
procedures will be as specified in Engineering Aid 3 & 2
andthis instructor guide. Student results will be 6
,third order with 100 percent accuracy for procedures and
calCulations.

, Criterion Test: Each student-will; while working as a
\ member;log a survey party-and performing all duties of

\

instrument man, rodman,'and notekeeper; establish vertic,
control for the follow on topics of topographic and road
surveying. All surveying procedures will be as specifiel
,inEngicteering Aid 3 & 2, andthis inscruci.01. guida .

qiUdeut_results will be to third order with 100 percent
Accdricyfor procedures and calculations.

Homework: Read

13.3
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OUTLINE OF INSTRUCTI4 INSTRUCTOR ACTIVITY STUDENT ACTIVITY

I. Introduction to the lesson.

A. Establish contact. l.A. Introduce self and topic.

1. Name:

2. Topic: Vertical Control.

B.Eatabliih_readiness, I.B. Motivate student.

1. Purpose.

130

2. Assignment.

C. Establish effect. I.C. Bring out need and value
of material being presented.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

D. Overview: I.D. State learning objectives.

I. You will be able to establish Vertical I.D. 1. State information and

Control using trigonometric leveling, material necessary to guide
student. .

2. Ask questions.

3. Take notes.

4. Testable.

(2 of 9)
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OUTLINE OF INSTRUCTION

II. Presentation

A. Vertical Control.

133

1. The purpose is to establish bench marks
at convenient intervals over the area
to serve as:

a. Points of departure and closure
for leveling operations of ,the top
ographic parties when locating
details.

b. Reference marks during subsequent
constrUction work.

B. Trigonometric Leveling.

1. The determination of an elevation by vse
of a vertical angle and a horizontal
distance.

a. The distance map either be scaled
from the map or measured directly
by stadia or tape.

Usually two or more stations are
observed in order to increase the
precision of the measurement.

2. It is applicable to field conditions
where the horizontal control is es
tablished by triangulation and a,high
degree of accuracy in the measured
elevations is not required.

C. Differential leveling (Direct).

1. Establishment of a horizontal plane.

(3 of 9)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

2. Measure vertical distance directly.

3. iHigh degree of accuracy is required.

D. Computing and distributing level error of

cloaure.

1*. Level computations.

a. In making level computations, be sure
and check on the notes for a level run
by verifying the.beginning BM, that is
by determining that-the correct BM was
used and its' correct elevation duly
recorded.

b. Check the arithemetrical accuracy with
which you added backsights and subtracted
foresights. The difference between the
sum of the foresights taken on BM's or
TP's should equal.the initial BM or TP

and the final BM or TP.

c. You must remember that this checks only
the arithmetic. It doesn't indicate
anything about how accurately you made
the verticcl distance measurements.

2. Preci ion in leveling.

a. Leiveling is carried out in accordance
with prescribed "Order of Precision".

(1)

14u

The ins trument used and methods
followed Mist be those which are
capable of attaining the specified
standard of accuracy.

(4 of 9)
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OUTLINE OF INSTRUCTION

b. "Order of Precision" - called "First,

Second, Third, dr even Fourth" order.

(1) The last two are the orders of

precision that you will be'con-

cerned,with usually.

(2) First Order.

(a) Leveling used to establish

the !pain level net,

1. Vertical control for ex-

'tansion of level nets of

the same or lower accuracy.

2. Used for mapping, projects,

cadastral and local surveys.

(b) Must start and end on a proven

'bench mark of the same order.

1. New levels must be run be-

tween the starting bench

mark and at least one other

existing bench mark.

2. Must indicate no change in

their relative elevations.

(3) Second Order.

(a) Leveling used to subdivide nets

of first order leveling.

1. Provides basic control for

extension 'of levels of the

same or lower accuracy.

(5 of 9)
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2. Supports mapping projects
and local surveys.

SCBT 410.2 EA IG 1.2.3

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(b) Two types - Class I, and Class II.

1. Class I- used, in remote areas
where the line must be longer
than 25 miles.

a. All lines must start and
close on previously es-
tablished bench marks,of
first or second order.

b., New levels must be run
,between the starting
bench mark and at least
one other existing mark,
indicating no.relative
elevation change.

2. Class IL - used for the
development of nets in the
more accessible areas.

a. Same criteria as for
Class I except that
Class II lines are
only run in one
direction.

(4) Third order.

(a) Leveling is used to subdivide
an area surrounded bY first
and second order leveling, and
to provide elevations for im-
Mediate control of cadastral
topographic and construction

surveysjor permanent structures.

(6 of 9)
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(5) Fourth order.

(a) Leveling is used to subdivide
an area within a third order

network. This method of lev-

eling which is used in con-
nection with location and
c)netruetion of highways, rail-

roads and most other engineering
works that the seabees are con-
cerned with an advanced base

projects. However, in practice

it is to your advantage if you
always try to shoot for a higher
degree of accuracy as long as

it 0ou1d not affect the proper
progress of the work.

E. Error of Closure.

1. Definition - The difference between the known

elevation of the initial BM and the elevation

of the same as computed in the level run.

F. Level order of Precision.

(-
SCBT 410.2 EA IG 1.2.3

STUDENT ACTIVITY

1. The precision of a level run is usually pre-

scribed in terms of a maximum error of

closure, obtained by multiplying a constant

factor by the square root of the length of

the run in miles or in kilometers - depending

upon which system of measurement is used.

2. The Federal Bureau of Surveying and Mapping II.F.2. Pass out SCBT 410.2

specifies certain requirements and maximum EA IS 1.2.3.1

closing error, such as shown in Handout

SCBT 410.2 EA IS 1.2.3.1

(7 of 9) 1
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III. Application

A. Discussion

140

B. Practical performancey

1. Explain the application activity, cover
the following:

a. Nature and scope of activity.

.(1) Run a level loop and establish
vertical control.

(2) Perform trigonometric leveling.

b. , Purpose: to give the student practice
in establishing vertical control and
performing trigonometric leveling.

(8 of 9)

INSTRUCTOR ACTIVITY

Questiofis

1. Define trigono-
metric leveling.

(
SCBT 410.2 EA IG 1..3

STUDENT ACTIVITY

2. How is the dis-
tance determined in
trigonometric level-
ing?

III.A. Answers

1. The determination .

of an elevation by use
of a vertical angle and

LULIzontal distance.

2. Scaled froin a map

or measured directly
by stadia or tape.

_3. When making level 3. The beginning B.
computation what should
be varified?

4. What percision is 4. Third or fourth.

usually used by sea-
bees?

111.8. This problem
should be worked in
conjunction with top-
ographic and road sur-
veying problems.

Suggested Field Layout:

149
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c. Value of activity: Every topographic
survey must have vertical control
established in order to obtain data
in relation to the datum established
for a particular survey.

d. Directions for performing activity.

(1) Show the students existing control
points.

(2) Form the students in two parties.

(3) Have each party perform the field
work on their own.

(4) Turn in field notes upon completion
for comparison and grading.

IV. Summary

A. Vertical Control.

B. Trigonometric Leveling.

C. Differential Leveling.

D. Comp tiling and Distributing Level Error of Closure.

E. Error of Closure.

F. Lnvel Order of Precision.

V. Test.

A. None

(9 of-19)
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SCET 610.2 EA IS 1.2:3.1

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

TITLE: Vertical Cnntrol

REQuntimENTS

,-LeveHnz Accuracy Specifications

FIRST I SECOND ORDER

ORDER f Class I dlass

THIRD

ORDER

FOURTH

ORDER

Spacing of lines and
crosslines

72 Km "40-56 km 10 km
or or . . or., - Not specified

40 r 'des 25-35 Miles 6 miles
None

Average spacing:of
permanently marked -
BMs along lines,'fiot"
to ex,-ed

2 Km .2 Km
or or

. 1 mile 1 mile

2 Km. - 5 Km
or -or

1 mile 3 miles
None

Length of sections
1-2 Kin 1-2 Km 1-2 Km
on ,. or or

tz.l. mile I-1 mile I-1 mile
Not Sr 'Cified None

Check between forward
and backward running
between fixed elevatiz.
or loop chiaure not,to
exceed

4mm TIC 8.4mm Afir 8.4mna.X 12mm Jr
or or / Or

0.017 ft./FE: 0.035 ft ,./ir 0.035.ft ./M 0.05 ft Aria--

0.6 m for fines
up to 20 Km.

or

0.1 ft ,ITIC

= the diStanCe in-kilomet;rs.
M = the distance in miles.
* In areas outside the U.S. this criteria may be changed to conform with ihe situation.
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NAVAL-CONSTRUCTION TRAINING-CENTER

PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING -(SCBT) 410.2

Classification: Unclassified

Topic: Topographic Surveying.

SCBT 410.2 EA IG 1.2.4
177

Terminal Objective: Upon completion of this unit each

student will have performed engineering surveys related

A1.a.r400 Time: 3 Periods (Class) 1 'Periods (Pract) to area and route surveying. The student will have acted

as a member of a survey party, performing the duties of

Instructional Materials: each member, meeting the requirements,of this unit. ton-
ditions and standards are as set forth in individual

A. Texts: topic objectives.

1. Engpeering Aid 3 & 2, NAVPERS 10634-B

B. References:

1. Elementary Surveying, Breed & Hosmer.

2. Surveying Theory & Practice, Davis, Foote

and Kelly.

3. Surveying Theory & Practices, Tracy.

C. Tools, Equipment and Materials.

1. See Annex'III.

D. ,Training Aids and Devices:

1. Films: None

2, Transparencies: None

3. Charts: None

4. Locally Prepared Materials:

(1 of 23)

Enablint Objective: The student while working as a member

of a survey party performing the duties of.instrumentman,
rodman, and notekeeper will develop a topographic map by

use of statia, trigometric leveling and the controlling

point system. Procedures will be as set forth.in this 0

instructor's guide and Engineering Aid 3 & 2, NAVPERS

10634-B. All student responses will be 100% accurate for

3 order surveying precision.

Criterion Test: The student while working as a member of

a survey party performIng the duties of instrumentman,

rodman and notekeeper will develop a topographic map froi

field notes. The student will use stadia, trigometric

leveling and the controlling point system for compiling

the data used to develop the topographic map. Procedures

will be as set forth in this instructor's guide and

Engineering Aid 3 & 2 NAVPERS 10634-B. All student re-

sponses will be 100% accurate for 3 order surveying

precision.

HomeworK; Read

Engineering Aid 3 & 2, NAVPERS 10634-B, Chapter 15, all.

15J



a. Information Sheet.

(1) SCBT 410.2 EA IS 1.2.4.1, Topographic
Survey Control Data.

b. Problem Sheets

(1) SCBT 410.2 EA PS 1.2.4.1, Contour
Interpolating.

E. Training Aids Equipment._

1. None

(2 of 23)
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OUTLINE OF INSTRUCTION

I. Introduction to the lesson

A. Establish contact.

1. Name:

2. Topic: To.pographic Surveys.

B. Establish readiness.

1. Purpose

2. Assignment.

C. Establish effect.

1. Value

a. Pass course

b. Perform better on the job.

.c. Get advanced.

d. Be a better Engineering Aid

D. Overview:

1. You will be able to use stadia, trigometric
leveling and the controlling point system
for compiling the data used to develop a
topographic map.

2. Ask questions.

3. Take notes.

4 Testable.

(3 of 23)

INSTRUCTOR ACTIVITY
SCBT 410.2 EA IG

STUDENT ACTIVITY

I.A. InLroduce self and topic.

I.B. Motivate student

I.C. Bring out need and value
of materials being presented.

I.P. State learning objectives.

I.D.1. State information and
materials necessary to guide
student.

163



OUTLINE OF INSTRUCTION

II. Presentation

A. General information

1. Topographie surveying.

16 i

a. A survey conducted to gather information
from which 'maps may be made showing the
cultural and natural features.

b. Maps are of two types.

(1) Planemetric

(2) Contour

2. Purpose and uses.

a. Designing proposed route locations.

(1) Roads, ditches, sewers, power

lines.

b. Calculation volumes.

(1) Barrow pits.

(2) Cut and fill.

c. Designing grades.

(1) All construction (building,
drainage, air fields etc.)

3. Basic parts.

a. Features - two types.

(4 of 23)

INSTRUCTOR ACTIVITY

/DO
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STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

(1) Natural (streams, paths, trees,
hedges, shorelines etc.)

(2) Artificial features (roads,
buildings, fences, power pèles,
culverts, bridges; man made).

t. Contours.

(1) Definition.

(a) An imaginary liü,e connecting
points of equal ejevation.

(b) Elevations are determined from
mean sea level.

(2) Characteristics of ground slopes
and basic land forms.

(9) Uniform slope.

1. Contoursappear uniformly
spaced on map.

(b) Concave slope.

1. Contours close together at
higher elevation gradually
becoming farther apart to-
wards lower elevations.

(c) Convex slope.

1. Contours farther apart at
higher elevations and be-
coming closer together to-

INSTRUCTOR ACTIVITY

a

wards the bottom of the slope.

11;t; (s o 23)

SCBT 410.2 EA IG 1A
STUDENT ACTIVITY
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(d) Basic land forms.

1. Valley or streams.

a. Contours from vee's

/1/ Vee's point uphill
or upstream.

(e) Saddle.

1. Has a depression between
two summits.

(0 Ridge line.

1. Contours form a "U" shape.

2. Ridge line itteif usually
shown by a dashed line.

(g) Depression.

c. Control

1. Shown by a closed contour.

/0°2-
SCBT 410.2 EA IC 1.2.4

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

2. Contours have hachures which
point to center of depression.

Overhanging cliff.

1. Contours appear to cross
each other.

2. ConLcurs are dashed under
overhang of cliff.

(6 of 23)
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(1) Horizontal.

(a) Base line.

(b) Traverse for primary and
secondary points.

(2) Vertical.

(a) Differential leveling.

(b) Stadia.

B. Planning the Survey.

1. The.choice of the field methed to be used
depends upon.

a. Intended use of map.

(1) More refined survey methods for
a detailed map than of a general map.

b. The area of the tract.

(1) Control measurements should be
more precise fog a large tract
than for a small tract.

c. Scale of the map.

(1) Large scale (1" = 100' or less).

(2) Intermediate scale (1" = 100'
to 1"-= 1000'). -

(3) Small scale (1" = 1000' or more).

NOTE: Do not discuss selectfon at this1 (1) time.

(7 of 23)
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d. Contour interval

(1) The smaller the contour interval
the more refined should be the

field method.

NOTE: Do not discuss selection at
this point.

C. General Field Methods.

INSTRUCTOR ACTIVITY

1. The instruments used are transit, plane table,
engineer level, hand level and clinometer. But

the transit has advantages over plane table, so
we will work only with it.

Control is established.

3. Details are located in four general systems.

a. Cross-profile.

(1) Used on route surveys or flat ground.

(2) Short lines transverse to the main

traverse.

(3) Distance off traverse measured with tape.

(4) Elevation by direct leveling, often with

a hand level.

(5) Used for maps of intermediate scale

surveys.

b. Checker board.

(8 'of 23)

/el
SCBT-410 2 EA IG 1.2.4

STUDENT ACTIVI-TY_

173



OUTLINE OF INSTRUCTION

(1) Used where the scale is large and
the tract is wooded or the topo-
graphy is smooth.

/
SCBT 410.2 Z. 1 ..

INSTRUCTOR ACTIVITY STUDM

(2) Tract is divided into squares or
rectangles with stakes at the corners.

(3) Elevation is determined at the corners
-----__

and intermediate points of changes in

(4) Elevation is-;;QITY-by-li ect leveling.

b. Trace contour.

(1) Contours are traced out on the ground.

(2) Points occupied by rod are located by
radiation with transit or plane table.

(3) Frequently the engineer's level is
employed as an auxiliary instrument.

(4) Used on large scale surveys where re-
quired accuracy is high and the ground
is somewhat irregular iri'eorm.

c. Controlling point.

(1) Ground points_Ihrm #,irregular system
along ridge an& valley lines and at
other critical featuies.

(2) Ground points located by radiation or
intersection with transit or plane table.

(3) Elevations are commonly determined by
trigomometric leveling or sometimes
by direct leveling.

(9 of 23)
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(4) Small scale surveys.

e. .A combination of systems can be used
for different features within one
map area.

D. Location of Details.

1. Angle and distance from transit station.

a. Diseance usually is by stadia.

b. Most widely used method.

2. Angles from two transit stations.

a. Useful in locating distar,t or in-
accessible objects.

b. Object must be seen from two or
more transit stations.

Nstnnce from two stations.

a. Work expedited when traverse are staked
to,lt every 100 feet.

-Bes-t-us,2d for details relatively close
to the trav-6rse-line.

SCBT 410.2 EA 1G 1.2.4
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

Angle from one station and.distance frow another.

a. Used occasionally where advantageous.

b . Generally only when an obstacle is between
the transit station and the object (river).

(10 of 23)
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5. Perpendicular offset from the control line.

a. For location of irregular or curved
boundaries, streams and roads that closely
parallel the transit lines.

b. Used also on route surveys as a method
of location.

6. Accuracy of location.

a. Dependent upon

(1) Ultimate use of map.

(2) Map scale.

(3) Precision in plotting.

E. Accuracy.

1. 4:lepends upon weather.

2. Use of map.

3. Selection of proper equipment.

4. Procedure.

/07
SCBT 410.2 EA IG 1.2.4
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F. Topographic Maps - Shows by the use of suitable
symbols (1) the configuration of the earth's surface
called relief (2) natural features such as trees and
(3) the physical changes wrought upon the earth's
surfaces by the work of man.

1. The distinguishing characteristics of a top-
ographic map, as compared to other maps is the
representation of the terrestrial relief.

(11 of 23)
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--ri-

2. Uses

a. In design by engineers, geologists,
economists, surveyors and others.

b. The preparation of general topographic
maps is largely in the hands of governmental
organizations.

G. Representation of Relief.

1. Shading pictorial relief.

a. A method oCshowing terrestrial relief
roughly in plan.

,

b. Vertical point shows with parallel light

rays.
.

C. Causes shadows to lie upon the less
illuminated areas.

d. Used best where relief is high and steep.

e. Used often with hachures of contour lines.

2. Hachures.

a. Shows relief more definitely but less
legibly than shading. fe,

b. Consists of rows of short lines nearly

parallel.

3. Contour and Contour lines. '

'

a. Defined-is an imaginary line of constant
elevation on the ground surface.

(12 of 23)
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OUTLINE OF INSTRUCTION

(1) Distance between contour lines is

the contour interval.

b. Characteristics.

SCBT 410.2 EA IG 1.2.-

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(1) The horizontal distance between contour
lines is inversely proportional to the
slope.

(2) Uniform slopes/spaced uniformly.

(3) Along plane surfaces such as Railroad
Cuts and Fills the contours are
straight and parallel.

(4)' Contour lines represent level lines,
they are perpendicular to the lines
of steepest slope, ridge, and valley
lines where they cross.

(5) All contour lines close upon themselves.

(a) Depressions indicated by Hachures.

(b) Summits by elevation.

(6) Contour lines cannot cross or 9erge
except in the rare caseiof vertical surfaces.

(a) Bridge abutments.

(b) Overhanging ground.

(c) Cliffs.

(d) Caves.

(13 of 23) 183
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(7) A single line cannot lie between
two contour lines of higher or

lower elevation.

c. Contour Interval.

(1) Factors affecting selection.

(a) Desired accuracy of elevation
to be read from map.

QN.
d. Interpolation - The process of spacing the

contour lines proportionately between
plotted points.

(b) Characteristics of Terrain to be
mapped.

(2) Contours are generally not spaced
closer than 20 or 30 lines to the
inch.

(3) Other features must not be obscured
by contours too close together.

(1) A uniform,slope must be assumed be-
tween points.

(2) Methods of interpolation.

(a) Estimation

1. Contours not located
accurately but only by eye
between points.

2. MPthod most commonly used on
intermedLite and small scale maps.

(14 of 23)
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(b) Computation

1. By proportioning.

2. Most accurate method.

3. Method is very laborious and
takes time.

H. Representative of Features.

1. Natural - Those that exist before man,
trees, streams, lake, hills, and valleys.

a. Symbols in the text shopld be covered
with tips on drawing.

//
SCBT 410.2 EA IG 1.2.4

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

2. Artificial - The physical changes wrought
upon the earth's surface by the works of man,
such as houses, roads, canals, and cultivation.

a. Symbols in the text should be covered with
tops on drawing.

1. Drawing the map.

Sheet format as per MIL STDS.

Scale.

a. Accuracy - Based on purpose of survey if
plotting error is known.

Error = 1/40

Scale distance error = 10'

Map scale.1" = 400 F.

(15 of 23)
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(* 3

b. Clarify with which features can be shown.

c. Cost.

SCBT 410.2 EA IG 1.2.4

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

d. Correlation of data with related maps,

e. Desired size of Map Sheet.

f. Physical factors/number and characteristics
of features to be shown.

ry

g. Nature of terrain.

h. Contour interval (20 to 30 max. per inch).

3. Meridian arrows.

a. Direction indicated by a needle or
feathered atrow pointing North of
sufficient length to be transferred
with reasonable accuracy.

b. True meridian is usually represented by an

arrow with full head.

c. When both are shown, the angle between them
should be indicated.

4. Lettering.

a. Lettering shall conform to MTL-STD 100A.

b. Lettering will be placed so that'it can
be read from the bottom of the sheet.

c. Lower case lettering may be used on top-

ographic maps, but in general only use
it on lesser important items sueh as the

following:
(16 o;f 23)
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(1) Control point description.

//3
SCBT 410.2 EA IC 1.2.4

INSTRUCTOR ACTIVITY 'N.c STUDENT ACTIVITY

(2). Names of property owners, of surrounding
land or discription of the land, orchards,

swamps, etc.

(j) Description of ience lines, stream center-

lines, trails, etc.

d. Upper case lettering should be used in con-

junction with lower case, but only for the

important items auch as:

(1) Names of woods.

(2) Names of rivers.

(3) Title of maps.

(4) Any object of major importance.

c. Line weight.

a. Thick lines - Border, Legend Block, Title

alock.

b. Medium lines.

(1) Object outlines (Bldgs, Roads etc.)

(2) Index contours and lettering of elevations.

(3) Control.

(4) North arrow.

(17 of 23) 19i
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c. Thin lines.

(1) Intermediate contours.

(2) Edge of wooded areas.

(3) Centerline of streams.

(4) Edge of dirt roads and paths.

6. Plotting.

a. All plotting should be done from control
points with a protractor.

SCBT 410.2 EA IG 1.2.4

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

b. Label each point or station as it is plotted.

7. Steps in drawing a map.

a. Usually done on, a rough field sheet first,

then traced.

b. Plotting the horizontal control or skeleton

of the map.

(1) Label control points including elevation
on points.

c. Plotting the location of detail (ground points).

(1) Label points, including elevations on

points.
1

d. Construction of contour lyes.

(1) Label index contours)

-(18 of 23)
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194

8. Procedures for ,tracing from the field sheet.

a. Make sure all lines drawn on the field
sheet are dark enough to be seen through
the tracing paper.

b. Tape field sheet down on the drawing board
and determine MIL STD trading size to best
fit field sheet.

SCBT 410.2 EA IG 1.2.4
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

c. Place tracing over field sheet and position,
keeping North arrow pointing up the sheet and
insuring that enough room is left for a legend
and title block in the lower right hand corner.

d. After taping down on drawing board, and using
a 611 pencil, layout or trace the following:

(1) Border, title block, legend and North
arrow.

(2) Trace all details and controls.

(3) Rule guide lines for lettering and care-
fully plan what and where informotion will
be placed on the tracing.

(4) Now tracing is ready for finishing details.

9. Miscellaneous.

a. The following are some tips to keep in mind
while drawing maps.

(1) Simplicity.

(a) A cluttered map is extremely
difficult to read.

(19 of 23)
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OUTLINE, OF INSTRUCTION INSTRUCTOR ACTIVITY

b. Insure that all information on a map has
only one interpretation.

c. All symbols on a map should have an unmistakable
similarity to objects being represented.

d. A graphic scale should be put on the map.

e. A map must be inked for resistance against
usage and for clarity in prints.

-10. Finsihed details.

a. After plotting is complete and checked for
accuracy it is ready for:

(1)'' Border lines.

,(2) Title block.

(3) North arrow,

(4) Legend.

(5) Contour interval and control information.

11 Checking for accuracy.

a. Can be checked both in plan and elevation.

b. ComPare horizqntal dimensions on distances
scaled from the map and distance measured
on the ground between corresponding points.

c. Compare elevations by:

(1) Elevations determined by field levels with
those taken from a map for selected points.

(20 of 23)
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STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

III. Application.

INSTRUCTOR ACTIVITY

(2) Profiles from field notes compared against
a profile plotted from the map.

A. Discussion

(21 of 23)

193

III.A. Questions

SCBT 410.2 EA IC 1.z.4
STUDENT ACTIVITY

1. What two types of maps
arediscussed?

2. What are the basic parts
of a topographic survey?

3. A "U" shaped contour
would indicate what?

IIIaA. Answers

1. Planemetric and
contour.

2. Features, contours
and control

3. Ridge line.

4. What four items control 4. _Use of map, area of
the choice of a field method traCt, scale and contour
of survey for a topographic interval.

survey?

5. What system is commonly 5. Controlling point.
used for small scale maps?

6. Name three methods used
to show relief.

7. Can contour lines cross?

8. What is contour interval?

9. Name two methods of in-

6. Shading, Hachures
and Contour lines.

7. No.

8. Distance between
contour lines.

9. Estimat.ion and

terpolation. computation.

10. What weight line is
used for contour line?

10. Thin lines.
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IV. Summary.

A. General information.

1. Topographic surveying.

2. Purpose and use.

3. Basic parts.

B. Planning the survey.

1. Choice of field method.

C. General Field Method.

1. Instruments lig'ed.

2. Coritrol.

3. Four general systems.

D. Location of details.

E. Accuracy.

F. :Topographic maps.

1. Definition,

2. Uses.

214 f j

It .

(22 of 23)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY

LL. What is a field sheet? 11. First drawing used
in developing a topo-.
graphic map.
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G. Representation of RPIief.

1. Shading.

2. Hachures.

3. Contour and contour lines.

H. Representation of Features.

1. Natural.

2. Artificial:

I. Drawing the Map.

1. Format.

2. Scale.

3. Meridian.

4. Lettering.

5. Line weight.

6. Plotting.

7. Steps in Drawing Map.

8. Procedures for tracing from field sheet.

9. Miscellaneous.

10. Finishing details.

11. Checking foy accuracy.

V. Test: None

2 02
(23 of 23)
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NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

PROBLEM SHEET

*TOPIC: Contour Interpolation.

OBJECTIVES: This problem sheet has been prepared to give you needed practice

in contour interpolation. Successful completion of this problem sheet is e

good indicaiion that you are capable of drawing the contours for a topographic

map.

PROCEDURES:

1. Use the problem worked in class as a guide. All needed information

for the solution will be given. Show all work on problem sheet.

2. Draw 5.0'feet contours,(5, 10, 15, 20, etc.) by interpolating

elevations shown on the plot. (Figures at the corners represent

elevations.)

a

(J of 3)
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NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043

SPECIAL OONSTRUCTION BATTALION TRAINING,(SCBT) 410.2

Classification: Unclassified

Topic: Road Surveying Terminal Objective: Upon completion of this unit each

student will have performed engineering surveys related

Average Time: 2 Periods (Class) 7 Periods (Pract) to area and route surveying. The student willhave acted

as a member of a survey party, performing the duties of

Instructional Materials: each member, meeting the requirements of this unit. Con-

ditions and eLandards are as set forth in individual top!

A. Texts: objectives.

1. Engineering Aid 3 & 2, NAVPERS 10634-B Enabling Objectives: Upon completion of this topic each

student will have performed the procedures involved in

B. References:
road surveying for location and layout. Each student wil

act as chairman, rodman, notekeeper and instrumentman in

1. Surveying Theory & Practice meeting the requirements of this topic. All procedures

will be as outlined in this topic and Engineering Aid 3"6

2. Engineering Surveirs. NAVPERS 10634-Hi Chapter 16. Ail survey work will be to

third orderiaccuracy, all profiles to the nearest 1/10

C. Tools, Equipment and Materials: foot and all cross sections to the nearest 1/10 foot. Al

math computations will be 100 percent accurate as checked

1. See Annex III.
Criterion Test: Each student will act as chairman, instt

D. Training Aids & Devices: mentman, rodman and notekeeper in a survey party when pet

forming the su'rvey procedures necessary to establish two

1. None. straight sections of road at least 500 feet in length and

meeting at a 30 degree horizontal angle at their inter-

E. Training Aids Equipment: section, including cross section and plan profile drawing

The road will have a flat gradiant over its entire coursi

1. None except the last 200 feet of one section which will have

elevation change of 16 feet with a constant grade. All

survey work will be to third order accuracy, all profilel

to the 1/10 foot, all cross sections to the nearest 1/10

foot and all math computations will be 100 percent accurs

as checked.

(1 of 16)
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(2 of 16)

SCBT 410.2 EA IC 1.2.5

Homework: Read

Engineering Aid 3 & 2, NAVPERS I0634-B, Chapter 16.

pp. 503-531.
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OUTLINE OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name.

2. Topic: Road Surveying

B. Establish readiness.

1. Purpose

2. Assignment.

C. Establish effect.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

425'
SCAI'410.2 EA IS 1.2.5

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

I.A. Introduce self and topic.

I.A. Motivate student.

'I.C. Bring out need and value
of material being presented.

D. Overview. I.D. State learning objectives.

1. You will be able to perform the
procedures involved in road surveys.

2. Ask qUeations.

3. Take notes.

4. Testable.

(3 of 16)

I.D.1. State Information and
materials necessary to guide

student.
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OUTLINE OF INSTRUCTION

II. Presentation.

A. Sequence of operation involved in engineering
surveys.

1. Reconnaissance Surveys.

2. 12

a. First evaluation of project site.

(1) Stude made of available maps,
drawings and aerial photographs.

(2) Talk with personnel familiar with .

the project site.

(3) Possible field trip to reconnoiter
project site.

b. Equipment for reconnaissance should
include the following:

(1) Compass, barometer, abney hand
level, tapes, binoculars and
cameras.

c. Field reconnaissance should include
the following:

(1) Sketches of route or area.

(2) Written report on the route or
area.

(a) Includes.

1. Clearing ancL grubbing
of the site.

(4 of 16)

9026
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION
INSTRUCTOR ACTIVITY

2. Depth of streams and
rivers, etc.

3. Description and sizes of

marsh areas or other
obstacles which may be

encountered.

4. Any grade or alignment
problems.

5. Possible effects of snow,
rainfall, land slide,
etc., on the site,

6. Soil conditions.

7. Any discrepancies noted
on maps or aerial
photographs.

8. Photographs of the site

and any control which
was noted.

9. The availability of local
material, labor, equipment

and transportation.

10. Any other information which

you think may be useful

in the development of
the site:

11. Any recommendations you
may have.

(5 of 16)
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,STUDENT ACTIVITY
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OCTLIKE OF INSTRUCTION

2. Preliminary survey.

a. Detailed study of the area or route.

b. Information gathered to determine
feasibility of constructing project
on site selected during reconnaissance.

3. Location survey.

a. Establish the approved layout in the
field (center line)'.

b. Taken from data collected during
preliminary phase.

4. ConStruction/layout survey.

a. Provide final alignment, grade and
final location to guide construction.

(1), Place clearing and grubbing stakes.

(2) Layout project.

(3) Grade stakes.

(4) Slope stakes.

(5) Finish elevation (blue top).

b. Keep records and make checks as
construction progresses.

c. Data obtained can be used for as-.
builts survey.

SCBT 410.2 EA IG 1.2.5

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(6 of 16)
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OUTLINE OF INSTRUCTION

B. Road surveying - eight steps.

1. Horizontal control.

a. , Use a traverse (open or closed).

(1) Record all information.

b. Set all traverse points and references.

2. Vertical control.

21 o

a. Establish elevations on all traverse

stations and,references.

(1) Record information.

3. Center line control.

a. Stakes set at all 100 foot stations

and all changes of direction.

b, Stationing.

(1) Full station (1 + 00) etc.

' (2) Plus station (1 + 50) etc.

(a) Any point other than full

station.

c. Record all information.

-. Profile and cross-sections.

a. Can be run together Or separately.

SCBT 410.2 EA.IG

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(7 of 16)
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b. Profiles.

22u

(1) Procedure same as open level
circuit.

(2) Ground elevations are.taken at
all center line stations (full
and plus).

(3) Center line elevations are taken
at all major breaks in the ground.

(4) Generally elevations are taken
to the nearest:

(a) Tenths (0.1 ft.) on existing
ground.

(b) Hundredths (0.01 ft.) is used
for finished surfaceS.

(c) Hundredths (0.01 ft.) is used
for all T.P.'s.

(5) Record information.

(a) Recorded as level note for
differential level circuit.

(b) Right hand page to be used
for description information.

c. Cross sectioning.

(1) A cross sectional view is made of
each full and of selected plus
stations.

/3d
SCUT 410.2 EA IG :.2.5

INSTRUCTOR ACTIVITY STVDEN7 ACTIVIT1

(8 of 16) 221



OTIPIEJILINKUgglgti

(a) Used in stake-out and earth-
moving calculations:

(2) Run cross-section levels.

(a) Take ground shots at breaks
id the ground, at right angles
to the center line, no
further out than the edge of

right of way,

1. Unless side slope should

go out further.

(b) Han'd level or engineer's

level can be used.

(c) Cross-sections are taken
to the nearest (0A) of a
foot.

(d) Record both the rod reading
and the dist. out from the

center line.

(e) This is done both on the
right and left of the
center line.

(f) The job and the terrain will
determine how'far out from
the centerline you will go.

(g) This is repeated on each

station.

(3) Record information.

/ /
SUET 410.2 RA IC 1.2.5

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(9 of 16)
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224

(a) Left hand page is kept as
a normal circuit.

(b) Right hand page is as
follows.

1. Center line of page
represents the center'
line of the route.

(c) Distances, elevations and
rod readings to the right
of the center line are
written on the right side of
this page: left on left side
bottom to top of page.

(d) For each shot three numbers
are written.

1. lop number - distance
from center line.

2. Middle number - rod .

reading.

3. Bottom number - ground
elevation of that point.

4. Center line has same set
up as right and left
sides.

5. Paper location.

a. Plot all information from steps 1, 2,
3 and 4 of (d) above.

/3c7--

scyr 410.2 EA IG 1.2.5
INSTRUCTOR ACTIVITT STUDENT ACTIVIii
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b. Draw horizontal control field dheet.

c. Draw center line field sheet.

220

d. Draw profile on profile paper alone

with center line and horizontal
control traced fromlield sheet.

/33
SCBT 410.2 EA IG 1.2.5

INSTRUCTOR ACTIVITY STUDKNT ACTIVITY

(1) Profile paper. II.B.5.d.(1) Show samples.

(a) Specially ruled paper.

(b) Rulings are printed in
colored ink (green or

orange).

(c) Common type profile paper
has a heavy line 2 1/2 inches
apart and lighter lines
1/4 inch apart.

(d) Generally comes in rolls.

(0' Plan profile paper.

(2) Method for plotting profiles

(a) Secure paper to board or
table, leave paper attached

to roll.

(b) Set up scale.

1. Horizontal scale along
bottom from left to

right.

(11 of 16)
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220

2. Vertical scale - bottom

to top.

3. Vertical scale is exag-
gerated in relation to
the horizontal scale to

give a better picture
of the ground VERTICAL
1" = 10', HORIZONTAL
1" = 100' to 300'.

(c) To plot an elevation for a
station from the station
number at the bottom of the
paper move up until it
intersects the line across
from the elevation that is
to be plotted. Make a

point on the paper.

(d) Connect'the pOints with a

line.

(e) Finished plot is now a
pictuvn of existing-ground
along center line of road.

1. A graphic display of the
shape of the center
line elevation.

e. Draw cross-sections.

(1) Plotted on cross-section paper.

(a) Cross-section paper.

/3f
SUIT 410.21EA IC 1.2.5

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.B.5.e.(1) Show samples of

previous student work.

(12 of 16) 223
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1. Vertical and horizontal
lines are heavy lines
1 inch apart with lighter
lines, 1/20, 1/10, 1/8

or 1/4 inch apart.

2. Comes in rolls or sheets.

(2) Scales generally used.

(a) Cross-section 1 iuch equals

10'.

(3) Method fOr plotting cross-sections.

(a) Single horizontal distance
is measured from the-center
line, pick a vertical line
and mark its center line.

(b) Place the first cross-
section near the bottom and
to the left of the paper.

(c) Proceed in plotting the
same as profiles.

(4) As one cross-section is completed,
move directly above using the

same center line and plot the next

station.

f. Draw in roadway design.

(1) Roadway elevations from designer.

(2) Side slopes.

(13 of 16)
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(a) The rate of side 'slope -

stated in terms cif;the
number ofpits4Osured
horizontaily'to unit

measured vertically.

(b) Thus, a 2:1 slope would.have
a horizontal distance (run)
of twc feet and a vertical
distance (rise) of one foot.

(c) Common side slopes.

1. Ordinary earth = 1 1/2:1.

2. Coarse gravel = 1:1.

3. Loose rock = 1/2:1.

4. Solid rock = 1/4:1.

5. Sand and clay = 2 or
3:1.

6. Grade and earthwork calculations.

a. Usually done by the grade foreman of
the planning and estimating staff (will
be discussed in detail in Topic 1.2.5
"Grade and Earthwork Calculations").

.t
b. They are used for.

(1) Degree of vertical curve.

(2) Balance cuts and fills.

0.)

INSTRUCTOR ACTIVITY ST=NT Ak7FV:::

(14 of 16)
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(3) Provide for drainage.

2

(4) Limit haul material.

(5) Rough paving estimates.

7. Final location survey.
---

a. Once paper location is determined,
the prodess to locate final alignment
inciaing staking aft-centerlihe,
curves, final profile and cross-
sections for grade and slope stakes.

(1) Staking is carried out in field
for conatruction survey.

8. "As-built" surveys.

a. Once construction is complete it is
again resurveyed and any changes made
during construction are recorded.

III. Application.

A. Discussion.

B. Practical Performance.

IV. Summary.

A. Road surveying - eight steps.

1. Horizontal control.

2. Vertical control.

INSTRUCTOR ACTIVITY

III.A. Questions.

/37
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STUDENT ACTIVITY

1. In vertical control where
would you establish-elevations?

2. What is a plus station?

3. Generally elevations are
read to the nearest what in
profile leveling for existing
ground?

4. What is the top number on a
set of cross-section notes?

(15 of 16)

1II.A. AnsWers.

1. All traverse
stations

2. Any point other
than a full station.

3. 0.1 feet.

4. Distance from
center line.

2 3 1i
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3. Center line control.

4. Profile and cross-sections.

5. Paper location.

6. Grade and earthwork calculations.

7. Final location survey.

8. "As-built" surveys.

V. Test.

A. See criterion test.

/3 r
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STUDENT ACTIVITYINSTRUCTOR ACTIVITY

THAL Explain problem
outlined in the criterion test
to studente. Visit site for
prior recon. Have students
perform road survey steps 1,
2, 3, 4 and 5.

(16 of 16)
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III.B. Perform
required survey work.
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NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

. Classification: Unclassified

Topic: Road Surveys.
Terminal Objective: Upon completion of this unit each

student will have performed engineering surveys Yelated

Average Time: 2 Periods (Class) 4 Periods (Pract) to Area and route surveying. The student will have 0^t

as a member of a survey party, performing the duties of

Instructional Materials:
each member, meeting the requirements of this unit. Co

ditions and standards are as set forth in individual to

A. Texts: objectives.

1. Engineering Aid 3 & 2, NAVPERS 10634-B. Enabling Objectives: Upon completion of this topic eac

student while working as a member of a survey party and

B. References:
performing the duties of instrumentman, rodman, notekee

and chainman will stake out the road designed in topic

1. Engineering Aid 1 & C, NAVEDTRA 10635-B., 1.2.5 "Road Surveying". Students will follow the pro-

cedures established by this instructor's guide and

C. Tools, Equipment and Materials: Engineering Aid 3 & 2 for setting centerline and relate

grade stakes and slope stakes. All student field work

1. See Annex III. will be 100% forprocedures and to third order for sur-

veying accUracy:

D. Training Aids and Devices:

1. Films: None

2. Transparencies: None.

3. Charts: None

4. Locally Prepared Materials:

a. Inforiation Sheets.

(1) SCBT 410.2 EA IS 1.2.6.1

i3A 111.4JopA
(1 of 9)

Criterion Test: Each student will set centerline and r

lated grade and sloPe stakes in staking out the road de

signed during the performance of topic 1.2.5, "Road-

Surveying". Each student will work as a member of a su

vey party performing the duties of instrumentman, rodma

notekeeper and Chainman. Student procedures will be as

estahliehed in ehis instructor's guide and Engineering

Aid 3 & 2. All student field work will be 100% for pro

cedures and to third order for surveying accuracy.

Homework: 'Read

Engineering Aid 3 & 2, Chapter 16, pp. 523 thru 531.
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OUTLINE OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

I. Name.

2. Topic: Road Surveys.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value.

at Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aids.

/0
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY

1.A. Introduce self and topic.

I.B. Motivate student.

I.C. Bring out need and yalue

of material being presented.

D. Overview: I.D. State learning objectives.

1. You will be able to, when provided
with a design, stake out a road.

2. Ask questions.

3. 'Take notes.

4. Testable.

(2 of 9)

I.D.1. State information and
materials necessary to guide

student.



OUTLINE OF INSTRUCTION

II. Presentation.

A. Road Stakes.

1. Centerline grade stakes.

24 2

a. Grade stakes are used as a guide for

construction. .

INSTRUCTOR ACTIVITY

b. Grade stakes are set at grade or some known

distance above or below the desired grsde.

c. Information is marked on the stake, either

by written terms or symbols.

(1) Symbols used:

(a) C = CUT V.

(b) F = FILL

d. Rough grading.

(1) The final grade has been computed

and placed on the profile..

(4 From the profile the centerline cut

of fill can be computed.

(3) Cut of Fill is recorded and marked

on the back of the centerline stakes,

to the -nearest 0.1 foot.

(4) Rough grade stakes are out on each

side of centerline and edge of shoulder.

e. Final (finish) Grade (Hubs).

(1) Hub stakes are driven to have top of

stake to grade.

(3 of 9)
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(2) The tops of hub stakes are colored
with keel, (blue tops) (Red tops).

(3) One color for sub-grade and another
for finished grade.

f. Offset grade stakes.

(1) Grade stakes can be offset so as to

not be disturbed by construction.

Setting grade stakes.

(1) Set level near BM.

(2) BS and compute HI.

(3) Compute grade rod for elevation desired.

g.

244
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(a) HI above grade, grade rod is HI
minus elevation.

(b) HI below grade, grade rod is
elevation minus HI.

(4) Cut and Fill.

(a) Cut at any point: grade rod
minus ground rod.

(b) Fill at any point equals:

1. Ground rod - grade rod (if
HI is above grade).

2. Ground rod + grad4 rod (if

HI is below grade4)

(4 of, §) 24:i
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(5) Explain on chalkboard.

h. Note keeping (grade stakes).

(1) Notes are kept in same manner as

level notes, except far right

column on left page which is used

for C or F (cut oi fill). Sta, BS,

HI, FS, Elev, Grade, C/F.

2. Slcpe stakes.

inition.

(1) Stakes that define theditremities
of the cutor fill.

INSTRUCTOR ACTIVITY

(2) Computing distance from centerline.

(a) Three things must be known:

1. Width of proposed roadbed (w).

2. Side slope ratio (S).

1 3. Vertical distance above grade'

at the slope stake (H).

(b) Expressed in formula:

d 2 -I- hs

b. Setting slope stakes.

(1) Stake is se:- by trial method, since existing

ground elevation at right angles to centerline

ate not known.

(5 of 9)

'

SCBT 410.2 EA IG 1.2.6
STUDENT ACTIVITY
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(a) Instructor explain on chalk-
board the following example:

SCBT 410.2 EA IG 1.2.6
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

ecotouur) ,
ya.APE 20D fl

.11M, OM.

Ha 107.00

EL:1=o
Grade Rod Ground Rod = C @ A,
17' - 7' 0' Cut @ "A" 10 X 1.5
(1 1/2 to 1 s ope) = 15' + 20'
(1/2 road bed) = 35' out for slope
stake "B". This would be where slope
stake would go if ground rod at "A"
and "B" were the same but; ground rod
@ "A" = 7'.

Ground rod @ "A" = 4; '. 7' - 4' = 3' x 1.5'
4.5' further out:

Ground rod @ "C" = 3'; .*. 4' - 3' = 1' x 1.5' =
1.5' further out.

Ground rod @ "D" = 2.9' which only misses 3' by 0.1'

(2) Notekeeping (slope stakes).

(a) Column #1 Stationing.

(b) Column 1/2 Centerline elevation.

243
(6 of 9)



SCBT 410.2 EA IG 1.2.6

OUTLINE OF INSTRUCTION S

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(c) Column #3 Proposed grade elevation.

(d) Column #4 Distance from centerline
above cut of fill of left slope stake.

(e) Column #5 Cut of fill to grade at

centetline.

(f) Column 116 Distance from centerline above

cut or fill of right slope stake.

(g) Example.

Slope Stake

CL Grade Base 40' - B.S. 1 1/2 to 1

STA ELEV ELEV CL CL R

0+50 151.5 150.7 29.0 -0.8 22.4

-6.0 -1.6

(3) Stake marking.

(a) Station number on back.

(b) Cut or fill over distance out on front.

(c) Show side slope ratio.

_____(4)_____Stake driving,

(a) Drive stakes so they:

1. Slope toward center (inward) for cuts.

2.. Slope away from centerline (outward)

for fills.

(7 of 9)



OUTLINE OF INSTRUCTION

CORR -----

DISTANCE E--

SLOPE RATIO

OFFSET - -

III. Application.

A. Discussion.

B. Practical Performance.

1. Students will stake out road designed in
Topic 1.2.5 "Road Surveying".

(8 of 9)

/V6
SIM 410.2 RA IC 1.2.6

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

III.A. Questions III.A. Answers

1. What is a grade stake? 1. It demotes cut or
fill from a knowp datum
to a desired elevation.

2. What is a blue top? 2. Flnish grade stake.

3. What is a slope stake? 3. Defines limits of
cut or fill.

III-B. Terform
the Criterion Test. Have quirements of the

students perform same. Criterion Test.

253



OUTLINE OF INSTRUCTION

rv. Summary.

A. Road stakes.

1. Centerline stakes.

2. Slope stakes.

V. Test.

A. None.

(9 of 9)
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SCBT 10.2 EA r, 2.4.1

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNLA 93043

TOPOGRAPHIC SURVEY CONTROL DATA
(APPROXIMATE VALUES)

CALE OF MAP KIND OF CONTROL TRAVERSE LEVELS
.,

LENGTH OF MAX. ERROR OF MAX. LINEAR
TRAVERSE, MILES ANGLES ERROR OF

CLOSURE

LENGTH OF CIRCUIT

MILES

MAX. ERROR OF
CLOSURE

HALL

PRIMARY
50 to 500

7

2" 1 50 to 500 0.017 Ft ..

25,000 X rHiles

SECOHDARY
25 to 200 5" 1 0.035 Ft.

X Isc.41,10,000

TERTLARY

10 to 100 30" 1

10 to 100 0.05 Ft.
X Tifide17--

5,000

QUATERNARY
1 to 2 2' or

Compass
1 1 to 10 0.1 to 0.5 Ft.

X)(Mi1es1,000

NTERMEDIATE
PRIMARY 1 to 20 10" to 1' 1/1,000 to

1/5,000
1 to 25 0.05 to 0.3 Ft

XViiiiii1

SECONDARY 1 to 5 30" to 3' 1/500 tb
1/2 500

1 to 5 0.1 to 0.5 Ft.

X.frille;--

ARGE

PRIMARY 1 to 5 30" to 1' 1/5,000 to
1/20,000

1 to 10

i

0.6 to 0.1 Ft
XViiii-e7

SECONDARY
-

;I to 3 30" to 2' 1/1,000 to
1 5 000

1 to 3 0.05 to 0.1 Ft

XTTilaTir--

256 (1 of 1)
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NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified

Title: Horizontal Curves.

Average Time: 3 Periods (Class) 9 Periods (Pract)

Instructional Materials:

A. Texts:

1. Engineering Aid 3 & 2, NAVPERS 10634-B.

B. References:

1. Surveying Theory & Practice, 5th Edition,

Davis, Foote & Kelly.

2. Surveying, Legault, McMaster and Marlette.

C. Tools; Equipment and Materials:

1. See Annex III.

D. Training Aids and Devices:

1. Films: None.

2. Transparencies: None.

3. Charts: None

4. Locally Prepared Materials:

(1 of 17)

SCBT 410.2 EA IG 1..7

Terminal-Objective: Upon completion .of. .this_unit each

student will have.performed engineering surveys related .

to area and route surveying. The student will have acted

as a member of a survey party, performing the duties of

each member, meeting the requirements of this unit. Con-

ditions and standards are as set forth in individual

topic objectives.

Enabling-Objectives: Upon completion of this topic each

student will be able to design a,horizontal curve and set

up field notes for use by a survey party; consisting of

four (4) students who will pirfori all the duties of an

instruMentman, chainman, and notikeeper; in laying out

the curve on the road centerline established by-Topics

1.2.5 "Road Surveying", and 1.2.6 "Road Stakes". Design

and layout procedures and computations will be as speci-

fied in tnis instructor's guide and Engineering Aid 3 &

NAVPERS, 10634-B. Students will be 100 percent correct

for all computations and procedures for designing the

curve and in setting up the field notes; all field work

performed by the survey party will be to 3rd order pre-

cision.

Criterion Test: Each student will design a horizontal

curve and set up field notes for use by a survey party

consisting of four (4) students performing all the dutiei

of instrumentman, chainman and notokeeier in laying out

the curve on the road centerline established by Topics

1.2.5 "Road Surveying", and 1.2.6 "Road Stakee. Design

and layout procedures and computations shall be as speci

fied in this instructor's guide and Engineering Aid 3 &
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01171.1141 OF INSTRUCTION INSTRUCTOR ticuvra
SCBT 410.2 RA IC 1.2.7

STUDENT ACTIVITY

a. Information Sheets. NAVPERS 10634-B. Students will be 100 percent`correct
for all computations and procedures for designing the

(1) SCBT 410.2 EA IS 1.2.7.1,
Horizontal Curve.

curve and setting up of the field notes, all field,work

performed by the survey party will be to 3rd order -

precision.

(2) SCBT 410.2 EA IS 1.2.7.2,
Arc and Chord Definition. Homework: Read

(3) SCBT 410.2 EA IS 1.2.7.3,
Horizontal Curve Formulas.

Engineering Aid 3 & 2, Chapter 16, pp. 505 thru 512.

(4) SCBT 410.2 EA IS 1.2.7.4,
Sample Note Format (Horizontal
Curve).

(5) SCBT 410.2 EA IS 1.2.7.5,
Curve Computation and Correction
Tables.

E. Tralming Aids Equipment:

1. None.

21) I)
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OUTLINE Of INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name.

2. Topic: Horizontal Curves.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

D. Overview:

13 /
SCD: L

INSTRUCTOR:ACTIVITY :37,:En4T AIVtTY

I.A. Introduce self and topic.

I.A. Motivate student.

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

1. You will be able to compute aAd I.D.1. State information and

layout in the field horizontal materials necessary to guide

curves. students.

2. Ask questions.

3. Take notes.

4. Testable.

(3 of 17)
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OUTLINE OF INSTRUCTION

Preientation.

A. Horizontal Curves - A circular arc connecting
two tangents which show a dhange in direction.

1. Definitions.

a. P.I. - Point of
two tangents.

b. P.C. - Point of
to curve or the
circular arc.

intersection of the

change from tangent
beginning of the,

(1) Called point of curvature.

c. P.T. - Point of change from curve
,to tangent or end of circular arc.

(1) Called point of tangencY.

d. A. - Central angle.

INSTRUCTOR ACTIVITY

SCBT 410.2 EA IG 1.Z.7
STUDENT ACTIVITY

II.A.1. Pass out SCBT 410.2 II.A.1. Follow along

EA IS 1.2.7.1 "Horizontal in class.

Curves".

(1) Angle between the radii sub-
tending the total arc.

e. I. - Anile of intersection.

(1) The deflection angle between
tangents at the point of
intersection.

f. L. - Lengthof durve from PC to the PT.

g.

21'

T. - Length of tangent from the PI to .

either the PC or PT.

(4 of 17)
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OUTLINE OF INSTRUCTION

h. LC. - Length of long chord joining
the PC with the PT.

i. R. - Radius of the curve.

j. D. - Degree of curve.

k. M. - Middle ordinate.

(1) The distance from the mid-point
of the arc to the mid-point of
the LC.

1. E. - External Distance .

(1) The distance from the PI to the
mid-point of the arc.

m. C. - Length of full chord.

n. Cs - Length of sub chord.

O. d. - Central angle subtended by
sub chord.

B. Types of Horizontal Curves.

1. Simple iurve.

(a) Ard of a circle which connects
two points on two tangents-equi-
distant from their points of
intersection. .

(5 of 17)
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SCBT 410.2 EA IG 1.2.7

INSTRUCTOR ACTIVITY STUDENT ACTIVITY



OUTLINE-OF INSTRUCTION

2. Reverse Curve.

a. A continuous curve composed of two
circular arcs with their centers
on opposite sides of tangents
common to both arcs at their
meeting point.

3. Compound Curve.

a. A continuous curve consisting of two
circular arcs with centers on the
same side of the tangent which is
common to both arcs at their meeting
points.

C. Degree of Curvature.

1. Arc Definition.

a. The degree of curve is the angle
formed by two radii drawn from the
center of the circle to the ends of
an arc 100 feet long.

b. In this definition the degree of curve
and radius are inversely proportional.

SCBT 410.2 EA IG 7

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(1) Example. C.1. Pass out SCBT 410
EA IS 1.2..7.2, Arc and

D 3600 :: Arc Circumference Chord definition.

Substituting D = 10

I° : 360° :: 100 : 2R

10 ; 360° :: 100 : 6283185308 5129.58 feet.

(6 of 17)

C.1. Review handout.
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OUTLINE OF INSTRUCTION

2 u

INSTRUCTOR ACTIVITY

50 degree curve, the radius = 1145-92 feet.

c. As degree of curve increase the radius increases.

d. It should be noted that for a given intersecting
angle or central angle, a1.1 of the parts of the

curve are inversely'proportional to the degree
of curve.

e. Used primarily for highways.

2. Chord Definition.

a. The degree of curve is the angle formed by two,
radii drawn from the center of a chord lop
feet long.

b. Radius formula

50/Sin 1/2 D = R.

(1) Example.

Assume D = 1

50/Sin 00 30' = 50/0.0087265355 ='5729.65 feet.

D = 50 the radius = 1145.28 feet.'

c. The larger the degree of the curve, the sharper the
curve and the shorter the radius.

d. Radius and degree or curve are not iuversely
proportional.

e. Used primarily for railroads but canbe used
for roads.

(7 of 17)
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OUTLINE OF INSTRUCTION

3. Chords.

a. Used to layout curves due to the faat
that it is impractical to stake the
curve by locating the center of the
circle and swing the arc with a tape.

b. Ends of chords staked as they lie on
the circumference of the curve.

c. Length of chords vary with the degree
of curve.

d. To reduce the discrepancy between the
arc distance and chord distance, the
following chord lengths are commonly
used:

00 to 30 degree of curve - - 100 feet
over 30 to 80 degree of curve - 50 feet.
over 80 to 160 degree of curve - 24 feet
over 160 degree of curve - - 10 feet.

(1) Maximum distance in which the dis-
crepancy between arc length and
chord length will fall within the
allowable error for taping which
is .02' per 100 feet.

(2) Longer or shorter chords can be
used if conditions dictate.

4. Deflection Angles.

a. The deflection angles are the angles
between a tangent and the ends of
ahords, from the PC.

(8 of 17)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE GP INSTRUCTION

4 y"
i

b. Used to locate chord direction.

c. The total of the deflection angles
always equal to one half of I.

(1) Check.

D. Design of a Curve.

1. Io solve a simple curve three elements
must be known:

a. The PI

b. The I angle.

ce Normally the third part will be the
degree of curve.

(1) Given in project specifications.

(2) Or computed based upon elements
which have been limited by the
terrain.

d. The PI and I angles are normally
determined on the preliminary tralferse
for ehe road.

(1) May be determined by triangulation
when the PI is inaccessible.

e. Example:

(1) Assume the following is known:

(9 of 17)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

/5-3'
SCBT 410.2 EA IC

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(a) PI = 18+00

(b) .1 = 750

(c) D = 15°

(2) Solve the curve by both the arc
and chord definition:

(a) R = 5729.58 (Arc definition)

R 5729.58
15 .

R= 381.972.

(b) T = R Tan 1/2 I.

T = R Tan 370 30'

T = 381.972 .0.7673270

T = 293.10

(c) PC = PI - T

PC = 1800 - 293.10

PC u 15 = 06.90'

(d) L = 100. I (Exact for arc deflection)

L = 100 75

15

L = 500'

(10 of 17)
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mum OF INSTRUCTION INSTRUCTOR ACTIVITY Siar.NT ACTIVITY

(e) PT = PC = L

PT = 15 = 06.90' = 500.00

PT = 20 = 06.90'

(f) E = T tan 1/4 I.

E = 293.10 - .3394543

E = 99.49.

(g) M = R - (R Cos 1/2 I)

M = 381.97 - (381.97 - 0.79335)

M = 78.93

(h) Lc = 2R Sin 1/2 I.

Lc = 2 x 381.97 x 0.60876

Lc = 465.06

(i) R = 50
Sin 1/2D

R = 50
0.13053

CluTi definition

R = 383.05

(j) T = R Tan 1/2 I

T = 383.05 x 0.76733

T = 293.93

(11 of 17) 2



OUTLINE OF'INSTRUCTION

1) !)

(k) PC = PI-T

PC = 18 = 00 - 2+ 93.93

PC = 15 = 06.07

(1) L = 100 I

L = 100 x 75

15

L = \500

(m) PT --, PC = L

PT = 15 = 06.07 = 500

PT = 20 = 06.0

(n) E = F. EXSEC 1/2 I

E = 333.05 x 0.26047

E = 95.77

(o) M = R Vers 1/2 I

M = 383.05 x 0.20665

M = 79.16

(p) LC = 22 Sin 1/2 I

LC = 2 x 383.05 x 0.60876

LC = 466.37

(12 of 17)
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY

(q) dl & d2 Arc definition

dl = 0.3CD

dl = 0.3 x 43,10 x 15 = 3° 13.95'

d2 = 0.3 x 6.90 x 15 = 00 31.05'

(r) d144 d2 Chord definition

dl = 0.3CD

dl = 0.3 x 43.93 x 15 = 30 17.685'

d2 = 0.3 x 6.07 x 15 = 0° 27.315

(s) Deflection angle

d50 = 0.3 x CD

d50 = 0.3 x 50 x 15

d50 = 30 45'

(t) Check Arc Def.

f. How to use
and table
of Ti E in
chord defi

dl 30 + 13.95
d2 00 + 31.05'
d50 = 33° 45.00

37° 30.00

Chord Def.

dl 30 17.685'
d2 00 27.315'
d50 330 45.00'

37u 30.00'

table of function for a 10 curve

of correction to be added for values
(arc definition) computations, when

nition will be used.

SCBT 410.2 EA IG 1.2.7
STUDENT ACTIVITY

D.2.f Pass out SCBT D.2.f Follow along

410.2 EA IS 1.2.7,5. in haddout.

2'53



OUTLINE OF INSTRUCTION

SCBT 410.2 EA
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(1) Example:

Given D2 30°; A = 45°

(a) By formula:

1. Arc Def. R = 5729.58 5729.58 = 190.99'
300

2. Chord Def. = 50 50 193.19'

Sin D Sin 15°
2

From 1. T = R Tan I = 190.99 Tan 22° - 30'.= 79.11'

2 =

From 2. T = R. Tan I = 193.19 Tan 22° -30' = 80.02

2

(b) By use of table Under 45° on T.we find a value T =,

'`_ 2373.4 and dividing this value by D, thus:
T = 2373.4 = 79.11' (same value from the arc def. above)

30

.: Values from formula and by the use of tables are
equal as both applied with arc definition.

(c) Used correction table to apply the chord definitions thus:

I=A D

30° T = 79.11 + 0.91

40 0.80 T = 80 - 02'

45 0.91
50 1.02

(14 of 17)
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E. Field notes (setting up)

1. Example.

F. Field procedures for layout of circular

curves.

1. To layout a circular curve (arc definition)
the usual procedure is as follows:

a. With the instrument at th-d-Pr, the
instrumentman sights on the pre-
ceeding PI or at a distant station
and.keeps the chainman on line while
the tangent distance is measured to
locate the PC. Sfter the PC,has been
staked, the instrument is then trained
on the forward PIend the PT is located.

1

b. The instrument is then set up at the
PC and the angle from the PI to the PT
is measured. This angle should be equal
to one-half the I angle; if not, either
the PC or PT has been located in the
wrong position.

c. With the first deflection angle set on
the plates, the instrumentman keeps the
chainman on line as the first subchord
distance is measured from the PC.

d, Without touching the lower motion, the
second deflection angle is set on the
plates, the chainmen measure the chord
from the previous station while the
instrumentman keeps the-head chainman
on line.

(15 of 17)

INSTRUCTOR ACTIVITY

II.E.1. Pass out SCBT
410.2 EA IS 1.2.7.4
Note format.

/63
SCBT 1-1, .:...

STUDENT A.31"1ITI

II.E.1
wich handout.



OUTLINE OF INSTRUCTION

e. The succeeding stations are staked in

the same manner. If the work ia done

"correctly, the last deflection angle
will point on the PT and the distance
will be the subchord length from the
last station prior to the PI.

\ III. Application.

A. Discussion

(16 of 17)

SCBT 410.2 EA IG 1.2.7

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

III.A. Questions. III.A Answers

1. Define PI. 1. Point of-intersection
of the two tangents.

2. Define PC. 2. Point af change from
- curve to tangent.

3. Define a reverse 3. A continuous curve

curve. ,composed of two circular
arcs with their'centers
on opposite sides of ,

tangents common to both
arcs at their meeting
point.-

4. The arc definition
is used primarily for? 4. Highways.

5. The chord length re-
commended for a over 30
to 80 degree of curve is?

6. What three elements
must be known to solve a
simple curve?

5. 50 feet.

6. PI, I and normally
the degree of curve.



OUTLINE OF INSTRUCTION

B. Practical Performance.

I. Have each student design
curve for road intersection

,
developed in previous topics.

2. Have each student set up field

notes.

3. Check all office work.

4. Have each survey party layout,curve
in filed.

IV. Summary.

A. Horizontal Curves.

B. Types of horizontal curves.

C. Degree of curvatures.

D. Design of a curve.

F. Setting up notes.

F. Field procedures for layout of circular

curves.

V. Test.

A. None

"L.

INSTRUCTOR ACTIVITY

Read and explain

criterion test. Have

students design'required
curve and layout in the
field.

SCBT

AC
410.2 EA IC 1.2.7
STUDENT ACTIVITY

Design and
layout curve.



SCBT 410.2 Ett /S 1.2.7.1 /be
NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFORMATION SHEET

TITLE: Horizontal Curves.

TERMINOLOGY:

1. PC The POINT OF CURVATURE. The point of curvature, indicated by the

initials PC, is the point where the circular curve begins. The back

tangent to the curve at this point.

2. POC POINT ON CURVE. This,is any point along the curve and is indicated

by the initials POC.

3. PT The/POINT OF TENGENCY. The point of tangency is the end of the

curve. Is is indicated by the initials PT. The forward tangent is the

tangent to curve at this point.

-4. L The LENGTH OF CURVE. The length of curve is the distance from the

PC to the PT measured along the curve.

5. T The TANGENT DISTANCE. The tangent distance is the distance d1ong the

tangents from the PI to the PC or PT. These distances are equal on a

simple curve.

6. The CENTRAL ANGLE. The central angle is the angle'formed by two

radii drawn from the center of the circle (0) to the PC and PI. The

central angle is equal in value to the I angle. Some authorities call

both the intersecting angle and central angle either I or

7. LC LONG CHORD: The long chord is the chord from the PC to the PT.

8. E EXTERNAL DISTANCE. The external distance is the distance from the

PI to the midpoint of the curve. The external distance bisects the

interior angle at the PI.

9. M MIDDLE ORDINATE. The middle ordinate is the distance from the

midpoint of the curve to the midpoint of the long chord.

10. D DEGREE OF CURVE. The degree of curve defines the "sharpness" or

"flatness" of the curve.

(1 of 3)
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FORMULAS

R = (chord def.) = 50 LC = 2R Sin I ; = 2T CDS I
Sin 1/2 D 2 2

L (in feet) = 100 I
R = (arc def.) = 100X360 = 5729.58 D

T = R Tan I

2

T =
Tan I

4

E = T Tan I

4

2 D

L (in station) =: I

d, = Ci (D)

100

d2 = (D)

al = x B

C 2

(2 of 3)
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R R

COS I
2

E R EXSEC I
2 ; where:

EXCES / se SEC I
2 2 - 1

= R - (R COS I
2

M = R VERS. I
2 ; where

VERS I = 1 - COS I
2 2

(3 of 3)

glSUIT 410.2 EA IS

.: al * 0.3 C1D

is 2 (360) (AL) S#
dl 2 2

* Constant value
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SUBT 41.U.L EA IS 1.L./.4

NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043

INFORMATION SHEET

TITLE: ARC AND CHORD DEFINITION

A. ARC DEP/Ari 77 OA/

A /00
360 AfriZ

SoLvhvb POR R:

R 17' R

k .57-29.58

/co X 360

Jo

roe / carove, .D a I

2,-. 57 .20 .-54

57.29.51

/by

:2.136



(

.,/

15. c ,1/41,4,0 )3 Cf/ 41,07,0A,/ t

4 4: 1° '
a ot vi.v* Fog R

so
R

SOT 410.2 EA IS 1.2.7.2 / 30

s o
aa,...0*-301

12 = .57 2.9.4.51

'296



SCBT 410,1 EA Is I.Z./. /7/

CONCLUSION:

Therefore, there is a .07 difference in R values between arc definition

and-Chord definition for 10 curve. For some calculation not requiring

great precision the rounded-off value of 5730' is used Jor :X of,k 10 curve.
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NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFORMATION SHEET

TITLE': Horizontal Curve Formqlas.

OBJECTIVE: To provide a ready reference.

1. The following formulas are used in the compuCation of a simple curve.

Ail the formulas apply to both the arc and chord definitions except those

noted.

A. B. = 5729.58 (Arc definition)

B. R = 50 (Chord definition)

SIN 1/2 D

C. T = R Tan 1/2 I.

D. L = 100 I (Exact for Arc depletion)

E. PC = PI - T.

F. PT = PC + 1.

G. E = B. Exsec 1/2 I.

H. E = T Tan 1/4't

I. E = B. - R.

COS 1/2 I',

J. M = B. - (R COS 1/2 I).

K. M = R Vers 1/2 I.

L. 0.3 CD --- Exact for the arc definition. Appr)ximate'for chord

definition. /This formula gives an answer in minutes.

/

M. Lc = 2 R SIN 1/2 I.

(1 of 1)
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TITLE:

NAVAL CONSTRUCTION TRAINING CENTER
PORT-HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFORMATION SHEET.

SAMPLE NOTE FORMAT (HORIZONTAL CURVE)
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SCBT 410.2 EA IS 1.2.7.5

NAVAL CONSTRUCTION TRAINING CENTER
PORT RURNEMM, CALIFORNIA 93043

Sl'EC I Al, CONSTRUCT: ON &win I ON TRAINI NO (SM) 410.2

INFoRMATMN SUXT

Curve computation and Correction tables..
-------

OBJECTIVE: To explain how to use table of functions for a 1 degree curve
and a table of correction to be added for values of T ; R in
(Arc definition) computations, when chord definition will be
used.

Example: Given D = 300; I - 45°.

(1 of 2)
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SCBT 410.2 EA IG 1.2.8

NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified.

Topic: Vertical Curves. Terminal-Objective: Upon completion of this unit each

student will have performed engineering surveys related-i

Average Time: 2 Periods (Class) 5 Periods (Pract) to area and route surveying. The student will have actec

as a member of a survey party, performing the duties of

Instructional Materials: each member, meeting ttm requirements of this unit. Mel-

ditions and standards are as set forth in individual top:

A. Texts: objectives.

1. EngineeringAid 1 & C, NAVEDTRA 10635-B. Enabling Objectives: Upon completion of this topic each

student will be able to design a vertical curve and'set

B. References: up field notes for use by a survey party; consisting of

four (4) students ho will perform all the duties of an

1. Surveying, Legault, McMaster & Marlette. instrumentman, chainman and notekeeper; in laying out the

vertical curve on the road centerline established by tofd

Surveying Theory & Practice, 5th Edition, 1.2.5 "Road Surveying" and 1.2.6 "Road Stakes". Deiiik

Davis, Foote & Kelly. and layout procedures and computations will be as speci-
fied in this instructor's guide and Engineering Aid

C. Tools, Equipment and Materials: 3 & 2, NAVPERS 10634-8. Students will be 100 percent .

correct for all computations and procedures for designitif

1. See Annex III. the vertical curve and in setting up the field notes; al]
field work performed by the survey party will be to 3rd

D. Training Aids & Devices: order precision.

3i) 3

1. Films: None Criterion Test: Each student will design a vertical

curve and set up field notes for use by a survey party

Tranparencies: None, consisting of four (4) students, perform all the duties
of instrumentman, chainman and notekeeper in laying out

3. Charts: None. the curve on the road centerline, established by topics
1.2.5 "Road Surveying" and 1.2.6 "Road Stakes". Design

-. Locally Prepared Materials, and layout procedures and computations shall te as speci-
fied in this instructor's guide and Engineering Aid 3 &

a. Information Sheets. Navpers 10634-B. Students will be 100 percent correct.

(1 of 13)
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SCHT 410.2 EA IG 1.2.8

(1) SCBT 410.2 EA IS 1.2.8.1, Sample for all computations and proceduies for designing the

Note Format (Vertical Curve), curve and setting up-of the field notes, all field work

performed by the surveying party will be to 3rd order

b. Problem Sheets. precision.

(1) SCRT 410.2 HA PS 1.2.8.1, Vertical Homework: Read

Curves.
Engineering Aid 1 & C, NAVEDTRA 10635-B, Chapter 8,

E. Training Aids gquipment: pp 230-240

1. Ni:+ne.

(2 of 13)
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OUTLINE OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name.

2. Topic: Vertical Curves.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advnaced.

d. Be a better Engineering Aid.

D. Overview:

1. You will be able to compute
.and layout in the field a

vertical curve.

2. Ask questions.

3. Take notes.

4. Testable.

3i) I (3 of 13)

SCBT 410.2 EA IG 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

I.A. Introduce self and topic.

I.B. Motivate student.

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

I.D.1. State information and
materials necessary to guide

student.

300



OUTLINE OF INSTRUCTION

II. Presentation:

A. Vertical Curves.

30J

1. Definition - When two grade lines intersect

there is a vertical change of direction.
'The intersection is rounded by inserting a

vertical parabolic curve. The curve makes

the direction change gradual from one grade

the next.

767
SCBT 410.2 EA IG 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

B. Vertical Curve Terminology. i'Va.

I. PVC 'Point on Vertical Curve.

2. PVI Point of Vertical Intersection.

3. PVT Point of Vertical Tangency.

4
. gi Entering Gxade (%)

a. +3.25 grade raises 3.25 feet per

100 feet.

b. -3.25 grade drops 3.25 feet per

100 feet.

Gradient, Algebraic difference of

gl and g2 (A)

g2 Leaving grade, figured same as gl.

L -Horizontal length in 100 foot

stations from PVC to PVT.

1
1

-Horizontal length from PVC to

PVI measured in feet.

12 -Horizontal length from PVI to PVT

measured in feet.
(4 of 13)
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OUTLINE OF INSTRUCTION

9. e Vertical (External) distance from the

PVT to the curve measured in feet.

e=LG
8

10. x Horizontal distance from PVC or PVT
to point on turve (station) distance

never greater than'1/2 L.

11. y Vertical offset, difference in el-
evation between tangent and point
on vertical at x distance.

C. Types.

1. Sag curve.

a. A descending grade followed by
ascending grade.

b. A descending grade followed by
one descending less sharply.

c. An ascending grade followed by
one ascending more sharply.

2. Sumnit Curve.

a. An ascending grade followed
by a descending grade.

b. A descending grade followed by
one descending more.

c. Ascending grade followed by one

asecnding more sharply.

(5 of 13)

180
SCBT410.2 EA IG 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

2 a

12



OUTLINE OF INSTRUCTION

3. Symmetrical Vertical Curves.

a. Distance from PVC to PVI equals
distance from PVT to PVT or 11 = 12

4. Unsymmetrical Vertical Curves.

a. Distance from PVC to PVI does not
equal distance from PVT to PVI or

11 = 12.

b. Formulas change for unsymmetrical
vertical curves.

D. Formulas for Vertical Curves.

1. Formulas.

a. A = g2 - gi (Algebracialy)

b. L = g2 - = A (The curve length in station)

/
SCBT 410.2 EA IC 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

NOTE: These formulas apply
only to long radius curyes.

c. r = A (L being extended to the L nearest

L whole stations)

= AL
8

e . y2M X

2

y - is the offset distance

is the distance to the curve ends
and may be expressed as a prop-
portion of the dibtance from the
PVC or the PVT.

(6 of 13)



OUTLINE OF INSTRUCTION

f. xe =

r A

When the grades are equal, these
points are ditectly above or below
the PVI; but with unequal grades,
these points will lie between PVI
and the part of the curve...-which is

on the flatter gradient. The x value

SCBT 410.2 EA IC 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

to these points (xe) is determined
by this formula in which g is the
grade of the lesser slope.

2. Computations.

a. Set Up Note Sheet. II.2.a. Pass out SCBT
410.2 EA IS 1.2.8.1 Note

II.2.a. Fill in as
class example is workei

= (1) tolumn 1 - Stations Format

(2) Column 2 - Tangent Elevation.

(3) Column 3 - Ration of x/12

(4) Column 4 - Ratio of (x/1)

(5) Column 5 - Vertical offset
(x/e)2 (e)

(6) Column 6 - grade elevation on
the curve.

(7) Column 7 - First difference.

(8) Column 8 - Second defference.

b. Starting with the PVC station figure
tangent elevations to the PVI rather
than from the PVI to the PVT.

3 J (7 of 13)
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OUTLINE OF INSTRUCTION

31y

pm

(1) gi and g2 are given as percents.
The percents equals the slope per
100 feet.

(a) Given problem information

81 ' +9%

82 72
L = 400.00', or 4 Stations.
PVI = 30 + 00
PVI Elevation = 239.12 ft.

(b) Solution

11 = 12,= Symmetrical curve

11 = 200 feet = 2 x 9 = 18 feet.

12 = 200 ft. = 2 x 7 = 14 feet.

Elevation PVC = 239.12 - 18
PVC = 221.12 feet
Elevation PVT = 239.12 - 14
PVT = 225 - 12 feet

SCBT 410.2 EA IG 1.2.8
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(2) By adding the gradients or subtracting
them at.each station the tangent
elevation at the next station can be
obtained.

(a) Determine stations - 50 feet interval.

30+00 - 2+00 = 28+00 PVC
30=00 + 2+00 = 32+00 PVT

(b) gl 100 feet = 9 feet rise
50 feet = 9 = 4.50 feet

2

g2 100 feet = 7 foot fail.

50 feet = 7 = 3.50 feet
2

(8 of 13)
31.8



OUTLINE OF INSTRUCTION

b. Solution

C.

PVC 28+00 = 221.12 feet
28+50 = 221.12+4.50=225.62 feet
25+00 = 225.62+4.50=230.12 feet
29450 = 230.12+4.50=234.62 feet

pin 30+00
30+50
31+00
31+50

= 234.62+4.50=239.12 feet
= 239.12-3.50-235.62 feet
= 235.62-3.50=232.12 feet
= 232.12-3.50=228.62 feet

PVT 32+00 = 228.62-3.50=225.12 feet

(3) Calculate (e), the middle vertical
offset at the PVI..

(a) First find G.

G = g2 - gl -

G = -7 - (+9)

G = - 16%

Solution

e = LG
8

e = (4) (- 16) = -8.00 ft.

8

The negative sign indicates
u
e
u

is to be subtracted from the PVI.

(9 of 13)

INSTRUCTOR ACTIVITY

SCBT 410.2 EA IG 1.2.8
STUDENT ACTIVITY



-----OVTLINE OF INSTRUCTION

3;21

(4) Compute the Vertical Offset at
each 50 - foot station, using the
formula y = ( x ) 2. e

1

(a) Compute x , then square it,
1

Thin multiply by "e"

gic
SCBT 410.2 EA IG 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

Station 28+00 = 50 = 1/4 = (1/4)
2 = 1/16

200

(b) Solution

Vertical offset at station
28=50= (1/16) ( -8 ) = - 0.50

1. Repeat for all stations.

(5) Compute the grade elevation at each

50 foot stations.

(a) Offset is negative, therefore
subtract.

(b) Solution - example

28+50 = -0.50
28+50 elevation = 225.62 - 0.50
Curve elevation = 225.12 feet.

(c) Complete curve elevation
computations'.

(6) Find the turning point on the
vertical curve. .

(10 of 13)
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OUTLINE OF INSTRUCTION

(a) Highest or lowest point.

(b) Formula

323

X
t
= Distance of turning point
fromPVC or PVT.

/ Fe&

SOT 410.2 EA IG 1.2.8

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

g = Lesserslope (ignoring signs)

L = length of curve in stations.

G = Algebraic difference of slopes.

(c) Solution (Turning point).

Xt = gL .= 7 (4) = 1.75

16

Turning point in 175 feet from

PVT or station 30+25

(d) Solution (Turning point offset)

It =( Xr )2 e = (1.75)2 '8 = 6.12

1 2

POVT at 30+25 = 237.37 - 6.12

POVT at 30+25 = 231.25 feet.

(7) Check work.

(a) Subtract' each grade elevation from
the preceeding or following grade
elevation to obtain the first difference.

(11 of 13)
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY

(b) Subtract each first difference
from the preceeding or following
first difference to obtain the
second difference, the second
difference should equal or be
reasonably close to equal, this

serves as a check on computations.

E. Field Stakeout of Vertical Curves.

1. Basically of marking finished elevations in'the
field to guide construction personnel.

2. Any field change can be computed in field, using
data presented in this instructor guide.

III. Application

A. Discussion

32:;

(12 of 13)

/F#2
SCBT 410.2 EA'IG 1.2.8

STUDENT ACTIVITY

III.A. Questions III.A. Answers

1. Name two types of 1. Summit, sag.

vertical curves.

2. Define L.

3. Defi

2. Horizontal length in
100 foot stations from
PVC to PVT.

POVT 3. Point on vertical
tangent.

4. Define G.
4!--N,\

4. Gradient, Algebraic
difference of gi and

g2

326



OUTLINE OF INSTRUCTION

B. Practical Performance

1. Perform requirements of SCBT 410.2

EA PS 1.2.8.1

2. .Design a vertical curve when given

Station at the PVI is 225 feet froi

both the PVC and PVT.

11 225 feet

12 n, 225 feet

gi 0.0%

g2 5.3%

IV Summary

A. Vertical Curves.

B. Vertical Curve Terminology

C. Types.

D. Formulas for Vertical Curves.

E. Field Stakeout of Vertical Curves

V. Test.

A. None

32 / (13 of 13)

/yre
SCBT

INSTRUCTOR ACTIVITY

III.B. Pass out SCBT 410.2

EA PS 1.2.8.1 and have stu-

dents perform.

III.B.2 Read and explain

criterion test. Have stu-

dents design set up field
notes-and layout curve in

the field.

410.2 EA IG 1.2.8
STUDENT ACTIVITY

III.B. Perform re-
quirements of SCBT
410.2 EA PS 1.2.8.1

111.8.2 Perform re-
quirements of criterion

test.



SCBT 410.2 EA IS 1.2.8.1

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION TRAINING CENTER (SCBT) 410.2

INFORMATION SHEET

TITLE: Sample Note Format (Vertical Curve)

--Station

Elevation
or

X X 2 Vertical
Offset

Grade Elevation
on Curve

First
Elevation

Second
Elevatione e

Tangent

_ .



SCBT 410.2 EA PS 1.2.5.1 //

NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

PROBLEM SHEET

TITLE: Vertical Curves

OBJECTIVES: This problem sheet has been prepared to give you needed

practice in the design of vertical curves. Successful completion of this

problem sheet is.a good indicatiOn that you are capable of designing

vertical curves.

- PROCEDURES:

1. U3e the probleths worked in class as a guide. All needed information

for the solution will be given. Show all work. If you have any question*

raise your hand for instructor assistance.

2. For the following vertical curves calculate A, M, L, r (if not given),

curve elevations. Shaw work in tabular form, including chedk. Show

sketch.,

(1 of 3)
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SCBT 410.2 EA PS 1.2.8.1

(a) Given: PV/ Sta. 23+00, lev n +15040,
r change in grade/station 1%/stationt
91 +1%, 92 +7%

Compute cervi eleiations at-100/ stations.

Sta. Tan. * . Computation Offset' Curve XI. 04ff Diff

VI10

a ORMINN

=11

111111 111 11

(2 of 3)



SCBT 410.2 F.A. IC 1.2.8.1

(b) Given: PVI = Sta. 73+00, elov +100.00
r must be no greater thmn 1.251/100' station,

91 m +5%, 92 m
Use L.in even whole stations (2, 4, 1, 1, 10, etc.)
such thatr is approximately (but not greater
than) 1.251/ station.

Compute-curve elivations at SO' intervals.

Sta. Tan. Els C. -utation Offset Curie 11. let Diff 2 Diff

(3 of 3)
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SCET 410.2 EA IG 1.2.9

NAVAL 03aSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: 1h:classified

Topic: Grade and Earthwork Computations. Terminal Objective: Upon completion of this unit each

student will have performed engineering surveys related

Average Time: 2 Periods (Class) 5 Periods (Pract) to area and route surveying: Each student will have acte

as a member of a survey party, performing the duties of-

Tngtructional Materials: each member, meeting the requirements of this unit. Con-

ditions and standards are as set forth in individual

A. Texts: topic objectives.

1. Engineering Aid 3 & 2,NAVPERS 10634-B Enabling Objectives: Upon completion of this topic the

student will have fixed grade as specified by the in-

B. ,Reference: structor, computed earthwork volumes using both the
"AVERAGE END AREA" and "PRISMOIDAL FORMULA" methods and

1. Surveying, Legault, McMaster rlette. draw.the mass diagram. The student will use the raugh
profiles and cross sections from Topic 1.2.4 "Road Sur-

2. Surveying, Davis and Foote, 4th Edition veying", instructor guidance and Engineering Aid 3 & 2,
NAVPERS 10634-B in meeting the requirements of this topic

C. Tools, Equipment and Materials: Each student will perform .his otin.calculations. All

math computations will be 100% Oercent, all earthwork

1. See Annex III. voldmes as individually calculated, will be within 5%
percent as a party for accuracy.

D. Training Aids & Devices:
Criterion Test: Each student will fix grade, as speci-

1. Film: None fied by the. ......atructor for the road established in

Topic 1.2.4, draw finish profiles and crass sections and

2. Transparencies: None do the related(earthwork computations and draw the mass

diagram. Each student will do his/her own calculations,

3. Charts: None 4 use both the "AVERAGE END AREA" and the "PRISMOIDAL

FORMULA" methods. All math computations will be 100%

4. Locally Prepared Materials: percent accurate, all earthwork volumes as individually
calculated, will be within 5% percent as a party for

a. Information Sheets. accuracy.

(1 of 15)
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SCBT 410.2 EA IG 1.2.9

(1) SCBT 410.2 EA IS 1.2.9.1 Volume Determination

(2) SCBT.410.2 EA IS 1.2.9.2 Example Converted Soil Volumes

(3) SCBT 410.2 EA IS 1.2.9.3 Mass Diagram

E. Training Aids Equipment:

1. None

(2 of 15)

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B pp 146-151
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9311TRUCTION

19C
SCBT 410.2 EA IG 1.z.f)

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

I, Introduction to the lesson. I.A. Introduce self and topic.

A. Establish contact.

1. Name:

2. 'Topic: Grade and Earthwork Computztions.

B. Establish readiness. I.B. Motivate student.

1. Purpose

2. Assignment.

C. Establish ecfect.

1. Value.

a. Pass course

b. Perform better on the job.

t. Get advanted.

d. Be a better Engineering Aid.

D. Overview:

1. You will be able to fix grade, draw
finished profile and cross sections

and do related earthwork calculations.

2. Ask questions.

3. Take notes.

4. Testable.

33 3 (3 of 15)

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

I.D. 1. State information and
materials necessary to guide

student.

333



OUTLINE OF INSTRUCTION

II. Presentation

a. Grade

. Has two meanings in construceion.

34u

a. Grade or rate of grade, meaning the
rise and fall in feet per 100 feet.

b. The grade of a building foundation
floor, etc. meaning the elevation
of a point with respect to the plane

,of reference being used.

c. In road surveying "a" is the grade*

term of vital interest.

2. Grade is used to control or guide the
construction effort.

3. Fixing the grade.

a. Profiles furnish the basis for study

of econamic grade elevation.

b. Other considerations

(1) Traffic requirements.

(2) Fixed or narrow limits such as
terminal points, streams, railroad
crossings, etc.

(3) Usable space.

c. Field and office work is simplified if
rates of grade are expressed in and exact
decimal, as 2:5 percent or 0.65 percent.

(4 of 15)

SCBT 410.2 EA IG'1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

d. Once all considerations are known
grade lines are drawn on rough
profiles and by trial and error a
satisfactory solution is foufid

which satisfies all restrictions.

B. Earthwork Computations.

1. Purpose

a. Planning and Estimating

b. Quanity of earih to be moved.

c. Equipment to be used determined.

d. Time

e. Depending upon quality of fill
balancing the cut and fill can be
accomplished.

2. Cross sections.

a. Efid areas views are plotted on graph
paper and taken as a perpendicular
section along the center line.

tl) Full stations.

(2) Culverts

(3) Bridges

(4) P

(5) rT's

(6) Etc.

(5 of 15)

SCBT 410.2 EA-IG

INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

b. Most common scale is 1" = 5'
vertical and 1" = 10' horizontal.

-End-area-computatabins:

a. Geometric method.

(1) Divide each cross-section into
triangles, rectangles and trap-
ezoids whose areas are figured
separately and then totaled to
determine a square footage.

(2) No set rule for subdividing.the
end areas.

(a)
Choose those subdivisions

which Produce the most
direct and accurate results.

b. Mechanical Method-employa the com-

pensating polar planimeter.

(1) Planimeter has a tracingarm
that is attached to the re-
volving drum.

(a) Drum graduated into a hun-
dred parts and can'be read .
to thousandths by the use

of the vernier:

(2) Most planimeters are set to the

10 scale.

(a) One complete drum revolution
equals 10 square inches.

(6 of 15)

SCBT 410.2 EA IG 1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.B.3.a.(2) Draw cross-
section and demonstrate on
C/B.



OUTLINE OF INSTRUCTION

(b), Each planimeter should be
\ checked before use by tracing
mround a pre-determined area
6n-cross section paper.

(3) Procedures.

(a) Take initial readipg

(b) Trace rross-section as
smoothly as possible.

qq
SCBT 410.2 ZA IC 1.2.0

INSTRUCTOR ACTIVITY .5.1-0ENT ACT1=1

(c) Take second reading and sub-
tract it from the first reading.

(d) Retrace cross-section.

(e) Take third reading and sub-
tract it from the second.

1. If readings are not re--
asonably close retrace
again.

(f) Average the two closest
readings and multiply by
constant.

1. Constant is horizontal
scale multiplied by
vertical scale.

(g) The answer is the area of
the cross-section in square
feet.

(7 of 15)

II.B.3.b.(3) Demonstrate
procedures by having class
perform.each step.

II.B.3.b.(3) Perform'
each step as_instructed
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mute, OF INSTRUCTION

SCBT 410.2 EA IG 1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

c. Stripper method - very good for II.B.3.c. Demonstrate on C/B,

small cuts or fill.

(f) ixrippe-iais made by making
each square along a cumulative
length.

Stripper is moved across the
section in intervals of 3,5, or
10.

The to0 reading on the stripper
is placed on the bottom of each
new interval until it has been
moved across the entire section.

(4) The last reading is multiplied
by the interval (3, 5 or 10)
that was used to obtain the'
number of squares in the section.

(5) Multiply the number of squares
by the area of one.square to
find the area of the cross-section
in square feet.

C. Volume Determinations:

1. Average End Area Method.

a. This method assumes that the volume
between two adjacent sections is the
average of their.two end areas mul-
.tiplied by the distance between them.

V =(A7 + A1 L

2

(8 of 15)
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OUTLINE OF INSTRUCTION

b. This-formula is only correct when
Al = A2 , but is sufficiently accurate
for earthwork camputations.

c. End areas are in square feet and the
distance between stations is in feet
so the formula is modified to give an

' answer in cubic yards.

V + L

54

2. PrisModial Formula.

a. Volume of a prismoid

V = L (Al + 4AM + A2)

2

L = Distance between stations.

Al = End area one.

A2 = End area two.

41,

AM-=-Middle-end-area halfway-between
the end sections AM is determined by
averaging corresponding linear di-
mensions of the two end sections.

b. Example problem:

c. Prismodial formula is more accurate.

(1) Only justified when cross-sections
are taken at short intervals,
surface deviations are noted, or
if successive sections vary widely.

(9 of 15)

SCBT 410.2 EA IG 1.2.9
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.C.2.b: Pass out SCBT
410.2 EICIS 1.2.9.1
Volume Determination.

Follow along
on information sheet.

3 51



OUTLINE OF INSTRUCTION

3

d. ___A_prismadial_corxection_lor_volumea
computed by the alwage end area may
be done by using:

Cv = .309 (Ho - Hl) (Do - D1)

Cv = Difference in volume, or
correction for prismodial
100 feet ling in cubic yards.

Ho = Center height at one end
section, in feet.

Hl = Center height at the other end
section in feet.

Do = Distance between slope stakes at
the end section where the center
height is Ho, in feet.

D
1

= Distance between slope stakes at
the other end section, in feet.

SCBT 410.2 EA IC 1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(1) Solving for the previous example:

Cv = .309 (6.0 - 3.0) (44.0 - 35.0) = 8.3 cubic yards.

D. Net Volumes by Using Earthwork Factors.

1. Shrinkage.

a. One cubic Y ard of soil in place will
not equal one cubic yard after
compaction.

b. Shrinkage is due to transportation loss
and compaction.

(10 of i5)



OUTLINE OF INSTRUCTION

c. Common shrinkage factor is 90%,
but can be as low as 70%

2. Swell.

a. Some soils swell during transportation
or stockpiling.

b. Swell may be from 10% to 40%.

E. Mass Diagram

1. The mass diagram is a graph or curve on
which the algebraic sums of cuts and
fills are plotted against linear distance.

a. Cuts are indicated by a rise in the
curve and are considered positive.

b. Fills are indicated by a drop in the
curve, and are cwsidered negative.

l-

c. The yardage between any pair of
stations can be determined by in-
spection.

(1) Balances cuts and fills within
the limits of economic haul.

2. The limit of economic haul is reached
when the cost of haul and the cost of
excavation become equal.

a. Cheaper to waste the cut.

b. The limit of economic haul will de-
pend upon:

(11 of 15)
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SCBT 410.2 EA IG 1.4.9

INSTRUCTOR ACTIVITY STUDENT ACTIVIT?

II.D.2. Pass out SCBT 410:2
EA IS 1.2.9.2, Example Con-

verted Soil Volumes.



OUTLINE OF INSTRUCTION

(1) Nature of the terrain.

(2) Availability of equipment.

(3) Type material.

(4) Accessibility.

(5) Availability of manpower.

(6) Etc.

3 5

3. Free-haul Distance - A distance over which
it is considered'that haul involves no
extra cost.

a. Usually about 500 feet.

b. Limits of economic haul need to be
considered for longer hauls.

4. Procedures/-steps in making a mass diagram.

a. Table of cumulative,yardage.

b. Under end areas put the cross section
area at each station.

(1) Cut, fill or both.

c. Under volumes put the volumes of cut
and /or fill between stations.

d. Besides the sections at each full
station, sections are taken at every
plus station.

c.2
SCBT 410.2 EA IC 1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.E.4 Pass out SCBT
410.2 EA IS 1.2.9.3
Mass Diagram.

II.E.4.a. Refer to'
information sheet.

(12 of 15) 4-



OUTLINE OF INSTRUCTION

\ (1) Cut and fill equal zero.

e.ut volumes are designated as plus
and fill volumes are designated.as
minus.

1. Under "algebraic sums volumes, Cum-

ulative" put the cumulative volumes
at eaCh station and each plus, com-
puted in each case by determining the
algebraic sum of the volume at that
station or plus and the preceeding
cumulative total.

,5. Plotting the Mass Diagram.

a. The vertical coordinates are cumulative
volumes, plus or minds from line of
zero yardage.

b. Each horizontal line represents an
increment of cubic yards.

c. The horizontal coordinates are the
stations.

d. EaCh vertical line representing a
fdll 100 foot station.

e. Changes from cut to fill correspond
to a maximum in the mass diagram curve.

f. Changes from fill to cut correspond
to a minimum.

(13 of 15)

SCBT 410.2 EA IG 1.2.9

INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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OUTLINE OF INSTRUCTION

III. Application

A. Discussion

INSTRUCTOR ACTIVITY

III.A. Questions

cz.2 6
SCBT 410.2 EA IG 1.2.9

STUDENT ACTIVITY

III.A. Answers

1. What is grade used for? 1. , To control and give

; the construction effort.

2. Name the three methods
discussed which are used to
determine end areas.

3. How is volume deter-
mined using the average end
area method?

4. Shrinkage can Vary from
what to what?

5. What is free-haul?

2. Geometric, mechanical
and stripper method.

3. Average of the two

end areas and multiply
by the distance between
them.

4. 10 to 30 percent.

5. Distance over which
haul envolves no extra
cost.

B. Practical Performance III.B. Read and explain
criterion test requirements

Perform the
requirements of the

1. Establish grade. to students and have them
perform.

criterion test. .

2. Draw finish cross-sections and profile.

3. Compute earthwork.

4. Draw mass diagram.

(14 of 15)



OUTLINE OF INSTRUCTION

IV. Summary

A. Grade.

B. Earthwork Computations.

C. Volume Determinations.

D. Net Volumes by using earthwork factors.

E. Mass Diagram.

V. Test

A. None

(15 of 15)
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INSTRUCTOR ACTIVITY STUDENT ACTIVITY
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Man 41U.h EA lb 1.1.Y.A.

aeNAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFORMATION SHEET

TITLE: Volume Determination.

EXAMPLE PROBLEM: I- the following table of level notes the road bed is

20 ft. wide with slopes of 1:5:1

5rATION

li5+CO

116+00

MID

SECTION

CROSS SECTION

Lt. Side C

C 4.0 C6.0

16.0 0

C 2.0 C 3.0

13.0 0

C 3.0 C 4.5

14.5 0

Rt. Side

C 12.0

28.0

C 8.0

22.0

C 10.0

25.0

AREA SQ.FT.

212

103

154

VOL.CU.YD.

575

In the prismodial formula.

V = 100 (212 = 4 x 154 + 103) = 15,520 cu. ft. or 575 Cu. yd.

6

Computed by V = (Al = A7) L = 583 cu. yd 583 - 575 = 8 cu.yd.

54

(1 of 1)



ScBT-410,2 EA 7S 1.2.9.2

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFOIMATION SHEET

TITLE: Example Converted Soil Volumes.

EXAMPLES:

SOIL
TYPE

SOIL CONDITION
INITIALLY

CONVERTED TO
LOOSE COMPACTED

n-place

Sand Loose

Compacted

0.95

0.86

1.00

Loam

n-place

Loose

Compacted

0.90

0.72

1.00

Clay

In-place

Loose

Com.acted

Rock
(Blasted)

Hard
Coral

In-Place

Loose

Compacted

n-place

Loose

Compac ted

1.30

0.87

1.00



SOT 410.2 EA IS 1.2.9.3

NAVAL CONSTRUCTION TRAINING CENTER.

PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

INFORMATION SHEET

TITLE! Mass Diagram
,

TABLE OF CUMULATIVE YARDAGE

STATION

End Areas (ft
Cut Fill

) Volume (yd

Cut Fill

) Algebraic Sums
Volumes, Cumulative

0+00 186 0 0

1+00 65 0 +465 +465

2+00 44 0 +202 +667

3+00 22 0 +122 +789

3+50 0 0 +20 +809

4+00 0 22 -20 +789

5+00 0 44 -122 +667

6+00 0 65 -202 +465

7+00 0 186 -465 ' 0

8+00 0 119 -563 -563

9+00 35 46 +65 -305 -803

9+08 0 0 .' +3 -7 -805

10+00 0 22 -37 -842

10+50 0 0 -20 -862

11+00 22 0 +20 :842

12+00 44 0 +122 -720

13+00 87 0 +242 -478

14+00 215 43 +563 -80 +5

15+00 64 22 +521 -120 +406

15+07 0 0 +8 -8 +406

16+00 32 0 +55 +461

16+50 0 0 +30 +491

17+00 '0 32 -30 +461

18+00 0 61 -172 +289

19+00 0 157 -405 -116

20+00 90 95 +166 -466 -416

*(1 of 2)
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NAVAL CONSTRPCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified

Topic: Engineer's Transit Adjustment

Average,Time: 2 Periods (Class) 3 Periods (Pract)

Instructional Materials:

A. Texts:

1. Engineering Aid 3 & 2, NAVPERS 10634-B

B. References:-

1. Surveying Practice, Philip Kissam.

C. Tools, Equipment and Materials:

1. Films: None

2. Transparencies:

a. 12-11017.1T-22, Two Peg Test.

12-11017.1T-31, Different Types of

Crosshairs.

3. Charts: None

4. Locally Prepared Material.

(1 of 6)

Terminal Objective: 37on completion of this unit each
student will have performed engineering surveys related
to area and route surveying. The student will have acted
as a member of a survey party, performing the duties of
each member, meeting the requirements of this unit. Con-

ditions and standards are as set forth in individual
topic objectives.

Enabling Objectives: Upon completion of this topic each
student will be able to perform the proper sequence of
transit adjustment and test in the field. Tpe student

reference materials and guidance'of the instructor may
be utilized .n the performance df tfie requirements of the
topics foune, in the SCBT 410.2 EA JS 1.2.10.1. Students
will test each adjustable transit part until such errors
are neutralized, and will be capable of attaining a third
order accuracy when used in survey.

Criterion Test: UpOn completion of this topic each
student will be able to adjust all transit parts in se-
quence and test each part adjusted until each error is
neutralized. Such test will make the transit adjusted
capable of attaining at least a third order accuracy.

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B, pp 352-364.

t),/



a. Job Sheet

(1) SCBT 410.2 EA JS 1.2.10.1,
Transit Adjustment

5. Devices.

a. Cutaway Transit.

E. Training Aids Equipment.

1. OVerhead Projector.

j

of 6)
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OUTLINE-OF INSTRUCTION

I. Introduction

A. Establish contact.

1. Name.

k 2. Topic: Engineer's Transit Adjustment.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value

a. Importance of surveying .

-b. Get advanced.

c. Pass course

d. Be a better Engineering Aid.

D. Overview.

1. Yqu will be able to perform the proper
sequence of transit adjustment and
test in the field.

2. Ask questions.

3. Jake notes.

4. Testable:

'

(3 of 6)

a" V
INSTRUCTOR ACTIVITY

I.A. Introduce self and topic./

I.B. Motivate studnets.

I.C. Bring out need and value
of materials being pres nted.

I.D. State learning objectives.

I,D.1. State information and
materials necessary to guide
students.

:3 7 3



OUTLINE OF INSTRUCTION INSTRU(TOi ACTIVITY

II. Presentation.

SCBT 410.2 EA IG 1.2.10
STUDENT ACTIVITY
\

A. Adjustments of the transit (test & correct). II.A. Make certain that
instruments are clean be-

1. Plate bubblea. fore makingLadjustments.

a. Object - to make the plate bubbles II.A.I. Stress proper

center when the vertical axis is adjustment sequence.

vertical.

b. Test.

c. Adjustment.

d. Repeat test.

e. Neutralization.

f. Geometry.

2. Line of sight.

a. Object - to make the line of sight
perpendicular to the horizontal axis.

b. Test.

c. Adjustement.

d. Repeat test.

e. Neutralization.

f. Geometry.

4 of 6)



OUTLINE OF INSTRUCTION

3. Horizontal Axis.

a. Object - to make the horizontal axis
perpendicular to the vertical axis.

b. Test.

c. Adjustment.

d. Repeat test.

e. Neutralization.

f. Geometry.

4. Telescope level bubble.

a. Object - to make the telescope level
bubble center when the line of sight

is horizontal. The procedure is often

known as the peg adjustment.

b.

c. Adjustment.

d. Repeat test.

e. Neutralization.

f. Geometry (see Fig. C-11, pp309

by Philip Kissman).

5. Ve'rtical circle (arc).

(5 of 6)

0.16
SCBT 410.2 EA IG 1.2.10

INSTRUCTOR ACTIVITY STUDENT ACTIVITY



OUTLINE OF INSTRUCTION

a. Object - to make the vertical circle
indicate zero when the line of sight
is perpendicular to the vertical
axis.

b. Test.

c. Adjustment.

d. NeutrIlization.

e. Geometry.

IDI. Application.

A. Discussion.

B. Practical,Performance

1. Adjust transit.

IV. Summary.

A. Plate bubbles.

B. Line of sight

C. Horizontal Axis.

D. Telescope level bubble.

E. Vertical Axis.

(6 of 6)

/
SCBT 410.2 EA IG 1.2.10

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

III.A. Questions M.A. Answers

III.B* Ingtruct students III.B. Work Job Sheet.

in the PreparaVion to work
Job Sheet SCBT EA JS 1.2.10.1

IV. Stress the importance
of knowing how to adjust the
transit when on as NMCB de-
ployment.

3



SW:: 410.2 LIVJS 1.2.10.1

NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECtAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

JOB SHEET

Topic: Transit Adjustment.

Introduction: The purpose of this job sheet is to guide you in the proper

procedure of adjusting the transit.

Tools, Equipment and Materials:

I. Transit with tripod.

21 Philadelphia rod.

3. Plumb bob.

4. Steel tape.

5. Magnifying glass.

6. Adjusting pin.

7. Stakes/hubs.

8. Sledge hammer.

9. Field book/pencil.

Procedures:

I. Instructor will organize each survey crew composing of 3 to 4 men.

2. Instructor will demonstrate proper sequence of adjustment.

3. Instructor will assign each survey crew an area of operation.

4. Students will check and adjust transit by following the proper
sequence of adjustments in accordance to the job sheet:-

5. Instructor will observe the students on how they apply the -

procedures indicated in the job sheet and test the instrument
if it is. in fact in proper adjustment.

(I of 6)



sebT 4.1.U.L LA Jb

I. Plate Level Adjustment. -\

A. Purpose.

1. To make the axis of each plate level lie in a plane perpen-
dicular to thevertical axis.

B. TeHt.

1, Set up instruments.

2. Center bubbleS precisely.

3. Turn 1800 in aximuth.

4. The bubble should center.

C. Correction.

1. Bring bubble halfway to center with leveling screws.

2. Bring bubbles to center 'With capstan screw.

II.. Horizontal Crosshair.

"OM&

A. Purpose.

1. To center the crosshair on the optical axis.

2. (CAUTION) This adjUstment s ould not be made if it can be
avoided, as it needs to be o ly-approximately correct and it
disturbs three other adjustments.

B. Test.

. 1. If crogehairs appear tcibe_in the center of the field of
view, they are near enough -to,the optical axis'to give good
vesults.

Run this test only if crosshairs appear to be far out from
the center of the field of view.

4. Checrtransit for level.

(1) Over point "A".

b. Set stake "B" 5 to 10 feet from "A".

,c. Set stake "C" at least 300 feet ftom "A"

(2 of 6)



d. Read level rod.

(1) First on "B"

(2) Then on "C".

e. Plunge the telescope.

f. Sight on "B".

(1) With, both axis clamped..

Read rod on "C".

(1) With both axis clamped.

h. Any difference is double the error.

III. Adjustment of the vertical crosshair (preliminary).

A. Purpose.

1. To Make the line of sight perpehdicular to the horizontal axis.

B. Test.

g.

SCBT 410.2 KA JS 1.2.10.1

02 020

1. Sight a well defined point.

2. Move line of sight up and down.

a. With tangent screw.

3. Vertical crosshair should remain on poiat.

C. Correction.

1. Loosen two adjacent reticule capstan screws.

2. Gently tap sides of screws.

a. Until.crosshair rotates to correct position.

3. Tighten the same screws.

IV. Adjustment of vertical crosshair (final).

A. Purpose.

1. To make the line of sight perpendicular to the horizontal axis.

B. Test:

(3 of 6)
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SCBT 410.2 EA SS 1.2.10,1

(7)
1. Check transit for level.

oza(
2. Backsight carefully on well defined point.

a. 200 ft. or more away.

3. Clamp plates.

4. Plunge the telescope.

5. Set foresight "A".

a. 200 feet or more (Approx. same distance as step 2.)

6. Turn approx. 180° to the right.

7. Sight original point again.

8. Plunge the telescope.

9. Vertical hair should drop on same point as before (Or point "b").

B. Correction.

1. Loosen the top reticule capstan screw.

2. Loosen one side screw, tighten opposite screw.

3. Move vertical hair 1/4 the error.

a. Toward foresight point (from "B" to nAn.)

4. Repeat test and correction until error is adjusted.

V. Elevation Axis (Standards)'

A. Purpose.

1. To make the Horizontal axis perpendicular to the vertical axis.

B. Test.

1. Level transit'carefully.

2. Sight a well defined point "A".

a. At least n 10" angle (Vertical).

:1St;
(4 01 6)



SCBT 410.2 EA JO 1.2.10.1

3. Clamp the plates.

4. Depress the telescope.

5. Set a point "B" on or near the ground.

6. Loosen lower clamp.

7. Rotate the instrument.

a. On vertical axis.

8. Sight point again.

a. Clamp the plate.

9. Depress the telescope again.

10. Set another poine"C".

a. Along side "B".

11. Any difference is double the error.

C. Correction.

1. Set a point "D".

a. 1/4 distance from "B" to
cfl.

2. Raise or lower horizontal axis.

a. Bring yertical hair to "D".

3. Repeat test and correction until reading is same.

VI. Telescope level.

A. Puxpose.

1. To make the telescope level when the line of sight is horizontal.

B. Test.

1. Same as two peg-method for level.

C. Correction.

1. Set crosshiair to correct reading on rod.

()
a. Use the telescope tangent screw.

(5 of 6)
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SCBT 410.2 EA JS 1.2.10.1

(7) 2. Center the level bubble.

a. Use the capstan screw.

3. Repeat test and correction until readings are same.

Vii. Vertical Circle Vernier.

A. Purpose.

1. To make the vertical circle vernier read zero, When the line
of eight is perpendicular to the vertical axis.

B. Test.

1. Center both plate bubbles.

2. Center telescope bubble.

3. Read vertical vernier..

4. Angle read is index error.

C. Correction.

1. Loosen capstan screws.

2. Tighten same screws after moving.

VIII. Repeat all adjustments.

A. In proper sequence.

(6 of 6)
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NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified

Topic: Level Adjustments

Average Time: 2 Period (Class) 3 Period (Pract)

Instructional Materiils:

A. Text.

()
SCBT 410.2 EA lc 1.2.11

Terminal Objective: Upon completion of this unit each

student will have performed engineering surveys related
to area and route surveying. The-student,will have acted

as a member of a survey party, performing the duties of

each member, meeting the requirements of this unit. Con- -

ditions and standards are as set forth ih individual

topic objectives.

1. Engineering Aid 3 & 2, NAVPERS 10634-B Enabling Objectives: Upon completion of this topic each

student will be able to adjust the dumpy, wye and self

B. References: leveling levels. Procedure for testing and adjusting
levels shall.be set forth by this instructor's guide and

1. Surveying Practice, Philip Kissam. Engineering Aid 3 & 2, NAVPERS 10634-B. Students shall

test and adjust the levels until all.errors are neu-

C. Tools, Equipment and Material: tralized and the instrument is capable of attaining 3rd
order accuracy when used in surveying operations.

1. See Annex III.
Criterion Test: Each student will test and adjust a

D. Training Aids and Devices: level (dumpy, wye or self-leveling) following the pro-
cedure established by this instructor's guide.and Eng-

l. None ineering Aid 3 & 2, NAVPERS 10634"B. Students shall test

and adjust the levels until all errors are neutralized

E. Training Aids Equipment: and the instrument is capable of attaining 3rd order ac-

curacy when used in surveying operations.

1. None

3 (1 of 24)

HomeWork: Read

Engineering Aid 3 & 2, Chapter 10, pp. 359 thru 362.

387



OUTUME OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Name

2. Topic: Level Adjustment.

B. Establish readiness.

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

D. Overview,

1. You will be able to adjust levels.

2. Ask questions.

3. Take Notes.

4. Testable.

3
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INSTRUCTOR ACTIVITY .

I.A. Introduce self and

I.B. Motivate student,

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

I.D.1. State information and
material necessary to guide
student.



OUTLINE OF INSTRUCTION

II. Presentation.

A. Field Adjustments to the Dumpy and Wye Level.

1. General procedures:

a. Test frequently but adjust rarely.

b. Be positive the problem is with the

instrument and not with the defic-
iencies in the test.

2. To test the instrument properly, observe
the following precautions:

a. Choose a cloudy day when possible.

b. See that the tripod shoes are tight
and the instrument is firmly screwed
on the tripod.

c. Set up the tripodion firm ground,
out of the sun, with legs spread

weLr apart.

d. Make certain that the hinge screws
are not too loose to allow freedom
of movement nor too tight to cause
residual friction.

e. Attach the sunshade and carefully
focus the eyepiece.

f. Go through all the tests in the order
given. Do not adjust the instrument
unless a particular test indicates
the same amount of error at least
three times.

(3 of 24)
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OUTLINE 'OF INSTRUCTION

3. After 'any adjustment has been made, the
proper test should be applied at once.

4. After all the contemplated adjustments
. have been completed, all of the tests

should be applied again in the proper
order, in case some other adjustments
might have been disturbed.

B. Test and Procedures for Adjustment of the
Dumpy Level.

1. Parallax.

a. Sight through the telescope.

(1) Make preliminary focus of
eyepiece on cross-lines.

(2) Turn knurled eyepiece until
wires appear sharp and black.

b. Focus.

(1) On clearly defined point.

(2) Well lighted.

(3) 300 feet away.

(4) Turn focusing knob.

(a) Backward and forward.

(b) Slowly.

(c) At the'same time wagging
head.

(4 of 24)
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(5) ObserVe for apparentlateral
movement between target image
and cross-lines.

(6) ,Stop focusing at point where no
lateral displacement appears.

(7) Disregard sharpness of,image and
of cross-lines.

(8) This objective focusing is im-
portant in the elimination
of parallax.

c. Sharpen image ;if ilecessary).

(1) .Refocus eyepiece slightly.

(2) Cross-lines will be more distinct.

d. Refocusing. 4

(1) Tired eyes.

(2) Different observer.

(3) Repeat stepS "b" and "c".

e. High order surveys.

(1). Step "b" should be followed
on all pointings.

(2) Eltiminates parallax due to im,

proper focusing.

(5 of 24)
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY

2. To make the axis of the bubble perpen-
dicular to the vertical axis or spindle.

a. Test.

(1) Set up level on tripod.

(a) Bring telescope over two
diagonally opposite level-
ing screws.

(b) Bring bubble ta center of
tube.

(2) Rotate levelabout spindle 180
degrees.

(a) Note whether bubble remains
in center of tube.

b. Adjustment.

(1) Bring bubble half-way back to
center with leveling screws.

(2) Correct balance of error with
capstan nuts at either end of
bubble tube.

(3) Alternate over both pairs of
leveling screws'until bubble
remains in center,of tube when
rotated about spihdle.

(6 of 24)

3 9r;

SCB1 E.: I-. 1.2-1
,t2TIVITY

397

0.24



OUTLINE OF.INSTRUCTION

3 9 o

3. To make the horizontal cross-line perpen-
dicular to the vertical axis or spindle.

a. Test (see Fig. 410.2-3-1-1)

(1) Set up level on tripod.

(a) Set one end of horizontal
cross-line on sharply de-
fined point.

(2) Turn level slowly about spindle.

(a) Use slow motion tangent
screw.

(b) Horizontal line traces over_
point.

(c) If line coincides with point
throughout, position is
correct.

b. Adjustment.

.

(1) Slightly loosen all four reticle
capstan screws.

(2) Move cross-line ring around in
proper direction until horizOn-
tal cross-line-exactly traces
(AY B')

(3) 'Tighten reticle capstan screw and
rerun test.

(7 of 24)
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OUTLINE OF INSTRUCTION

I

4. To make the line of sight parallel
to the axis of the bubble (the "Two
Peg Method").

c23/
SCBT 410.2 EA IG 1.2.il
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OUTLINE OF INSTRUCTION

(1) Set up level at some convenient
point "A".

4()4

(a) Holding rod at "C".

(b) Distance at 100 feet.

(c) Instrument carefully leveled.

(d) Read rod on. "C".

(e) Call reading "Rc".

(2) Locate point "B".

(a) Directly behind instrument.

(b) Distance "AB" equal to "AC".

(3) Point teleacope toward "B".

(a) Bring bubble to center of
telescope_tube.

(b) Take rod reading "Rb".

(4) Set up level beside point "B".

(a) Eyepiece of telescope directly
over a point.

(b) Level up carefully

(5) Point eyepiece of telescope to-
ward rod at "B".

(9 of 24)
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OUTLINE OF INSTRUCTION

(a) Read rod through objective
end of telescope.

(b) Call rod reading "Rd".

(c) If more convenient measure
along outside center line
of telescope.

(6) Add to "Rd" the difference between
the first readings, (Re - Rd).

b. Adjustment.

(1) Set rod target to result of test (6).

(a) Hold rod on point "C".

(2) Move cross-line ring up or down.

(a) Set exactly on target.

(b) Turning vertical pair of
opposite capstan screws.

(3) Check again.

(a) Read rod on "B".

(b) Compute rod feading for "C".

(c) Observe whether horizontal
cross-line cuts target.

(10 of 24)

SCBT 410.2 EA IG

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

40,i



OUTLINE OF INSTRUCTION

5. To Make Cross-lines Appear in Center of Field.

a. Test.

406

(1) Notice whether cross-lines are in
ci4nter of field.

(a). Note whether lines appear
right, left, above, or
below center.

b. Adjustment.

(1) Mark ring just forward of focusing
ring with pencil.

(a) Place mark at top.

(b) Use mark to pOsition eye piece

(2) Remove eyepiece from telescope.

(a) Note four brass centering
screws in the body.

(b) Use pencil mark to indicate
-

direction.
-

(c) If cross-lines appear to the
left under test (1).

1. Loosen screw at extreme
left of pencil mark about
1/4 turn.

2. Tighten screw to the right

the same amount.

(11 of 24)
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(d) If opposite movement is re-
quired, reverse procedure.

(e) If cross-lines must be lowered.

1. Loosen screw near pencil
mark 1/4 turn.

2. Tighten bottom screw by
same amount.

(f) If opposite movement is re-
quired, reverse procedure.

(3) Replace eyepiece.

(a) Refocus cross-lines.

(b) Repeat adjustments (4 and
(2) as required.

C. Test and Procedures for Adjustment of the Wye Level.

I. Parallax (same as for the dumpy levels).

403

Z. To make the axis of the bubble parallel to
and in the same vertical plane with the
axis of the wye rings.

a. Test

(1) Hold level sideways with spindle
horizontal and turn focusing screw
until level balances.

N\

(12 o 24)
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OUTLINE OF INSTRUCTION

(a) Set up the level on tripod.

4 iu

(b) Clamp telescope over two dia-
gonally opposite leveling
screin.

(2) Remove wye pins and raise wye clips.

(3) Bring bubble to center of tube.

(4) Lift telescope out of wyes.

(a) Turn end for end.

(b) Replace in wyes.

(c) Note whether bubble remains
in center of tube.

b. Adjustment.

(1) Bring bubble halfway back to
center by leveling screws.

(2) Correct balance of error by turn-
.. ing capstan nuts at eyepiece ehd.

of bubble tube.
4

6. Test.

(1) Rotate telescope in wyes.

(a) About 30 degrees either side
of vertical.

(b) Note whether bubble remains
in center of tube.

(13 of 24)
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OUTLINE OF INSTRUCTION

d. Adjustment.

(1) .Bring bubble all the way back to
center by turning lateral capstan
screws on each side of the bubble
tube post at objective end of level.

(2) Repeat test a (3) and (4) and ad-
justment "V (1) and (2).

(3) Check alternately until both the
lateral adjustment and the vertical

adjustment of Niial are correct.

3. To make the axis of the wyes perpendicular
to the vertical axis or spindle.

a. Test.

1
Set up level.

' (a) Rotate telescope about spindle
over two diagonally opposite
leveling screws.

SCBT 410.2 EA IG 1.2.11

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(b) Bring bubble to center of tube./

\\(c) Check telescope bubble adjustme'nt.

(\a) Telescope slide must be in po-

sition of balance.

(2) Rotate level abodt spindle 180 degrees.

(a) Note whether bubble remains in
center of tube.

(14 of 24)
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OUTLINE OF INSTRUCTION

b. Adjbstment.

(1) Bring bubble half-way back to
center by leveling screws.

(a) Raise or lower one end of

wye bar.

(b) Bring bubble to center.

(c) Turning a pair of capstan
nuts at either end of wye
bar.

(2) Repeat until bubble remains in
center of tube when rotated about

spindle.

4. To make the horizontal cross-line perpendicular

to the vertical axis or spindle.

a. Test.

(1) Set up level on tripod.

(a) Set one end of horizontal
line on sharply defined point

(b) Horizontal line traces over

point.

(c) If line coincides with point
throughout, position is correct.

(15 of 24)
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OUTLINE OF INSTRUCTION

b. Adjustment

(1) If point dppears to trace line

(a) Release pressure on reticle
capstan screws slightly.

(b) Turn all four capstan screws
only slightly and by equal
amounts.

(2) Gently tap capstan screws.

(a) In direction to close angle
between horizontal line and
dotted line "AB".

(b) Rotate cross-line ring until
horizontal line exactly traces
point from A' to B'.

(3) Tighten capstan screws (all four
equally) and check.

5. To make the line of sight (collimation) pass
through the axis of the wye rings.

a. Test.

(1) Set up level on tripod.

(a) Remove wye pens from clips.

(b) Rise clips so that telescope
is free to rotate.

(16 of 24
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OUTLINE OF INSTRUCTION

(2) Set intersection of cross-lines
on well defined point A.

41 0

(a) Figure

(b) About 300 feet away.

(3) Carefully rotate telescope half-
way around its wyes.

(a) Note whether intersection
of cross-lines still covers
point.

b. Adjustment.

(1) Move the te'escope.

(a) By leveling and tangent
screws

(b) Until error seems one-half
corrected.

(17 of 24)
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OUTLINE OF INSTRUCTION

(2) Move cross-line ring.

(a) Using each pair of opposite

capstan screws successively.

4 1'tizU

(b) Until error is entirely cor-

rected.

(c) Cross-line intersection now

covers point "C".

(3) Repeat rectification and colli-
mation of the cross-lines until
both adjustments are correct.
(Adjustment #4).

6. To Make Cross-lines appear in center of
Field (same as dumpy level).

D. Care of Self-Leveling Level.

The initial care of the self-leveling level
is similar to the engineer's level as concerns
the inspection, trying the motions, wiping the
metal surfaces and cleaning the lenses.

Care during operations.

a. Keep level in box When not in use and
when transporting to and from working

area.

b. Raise-telescope off micrometer screw
whenever the instrument is moved.

c. Set the clamp screw to prevent the in-
strument from swinging, but not over-
tightened.

(18 of 24)
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OUTLINE OF INSTRUCTION

d. Keep lenses and working parts clean
at all times.

e. Avoid sunlight effects.

(1) Always use umbrella for shade.

(2) Cloudiness is not protection from
the uneven expansion and contraction
of the instrument.

E. Field Adjustments of the Self-Leveling Level.

1. General procedures:

a. Test frequently but adjust rarely.

b. Be positive the problem Is with the
)o, instrument and_not with deficiencies

in the test.

c. To test the instrument properly,
observe'the following precautions:

(1) Choose a cloudy day when possible.

(1) Use an umbrella to shade the in-
strument.

SCB(110.2 EA IG 1,2.11
INSTRUCTOR ACTIVITY STUDENT ACTIVITY

(3) See that the tripod shoes are tight
and the instrument is firmly screwed -

on the tripod.

(4) Set up the tripod on firm ground
out of sun, with the legs spread apart.

(A\ of 24)



OUTLINE.OF INSTRUCTION

(5) Make certain that the hinge screws
are not too loose to allow freedom
of movement nor too tight to cause
residual friction.

(6) Attach the sunshine and carefully
focus the eyepiece.

(7) Go through all the tests in the
order given. Do not adjust the
instrument unless a particular test
indicates the same amount of error
at least three times.

d. After any adjustment has been made, the
,ploper test should be applied at once.

e. After all the contemplated adjustments
have been made, all the tests should be
applied again in the proper order, in
case some other adjustments might have
been disturbed.

, 2. Procedures for adjustments to the self-
leveling level.

a. Adjustment to the circular level to
vertical axis.

(1) Center circular level accurately
with leveling screws.

(2) Reverse telescope through 180
degrees (Approx.)

(20 of 24)
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(3) Eliminate half the bubble error
by means of the leveling screws
and remaining half with adjusting
screws. Before' tightening an
adjustment screw, release the one
on opposite side accordingly.

(4) Reverse telescope back into origi-
nal position. The bubble should now
remain central. In case of a re-
sidual error of more than 0.2 mm.
Repeat procedure as described in
(c). All adjusting screws should
be tightened moderately.

b. Adjustment of the line of collimation
to truly horizontal.

(1) Adjuit by leveling from center
position. (See fig.) set up
instrument in the center between
two staves approximately 200 feet
apart. Center the adjusted cir-
cular level and read both staves
(al and 1)1 see fig.) The dif-
ference in elevation between A
and B is al -.bi d and corres-
ponds to the true difference even
when the line of sight is not in
adjustment.

(21 of 24)
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b2

1 ...).: IS.'
e, I-I. 1 2-

.. ,44
e.,

1,i

-a
1

= 2.423
-bi = 0.936
d,= 1.487

ea e,:,

b2 = 1.462
+d = 1.487
c = 2.949

(2) Set up self-leveling level at a.,
distance of 3.5m. (12 feet) in the
front or behind the higher staff
(8). Center circular level and
take reading b2 then the read-
ing on staff a should have the value C.

(3) If.the actual reading differs from
fhe predeterminedsc reading by
more than 2mm. (0.01 feet) then the
crossline has to be adjusted so that
they do match. The capstan screw for
the crossline setting is visible when
cover ring is removed.

(22 of 24)
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(4) Repeat the procedure as a check.

(5) If only one staff is available
the positions A'andB must be
well marked and the staff must
be set up carefully.

c. Adjustment of the lateral fine setting

screw.

(1) The motion of the lateral fine

settl-ng screw can be adjusted by .
counterlocking or loosening the

knUrled controls.

d. Adjustment of the friction clutch for
rough setting.

(1) The stiffness of the friceion
movement for the rough setting of
the instruMent is adjustable by
meanslof a disc situafed above
the 'circle setting disc.

e. Adjustment of the leveling screw movement.

(1) The motion ofrhe leveling screws
should not be altered. If it is

found necessary, however, an ad-
justment can be made with a screw-

driver on the screws situated on
the inside above the knurl of the
leveling screws.

(23 of 24)
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OUTLINE OF INSTRUCTION

III. Application.

A. Discussion

B. Practical Performance:

1. Student W11/ check and adjust
class instruments as appropriate.

IV. Summary

A. Field adjustment to the dumpy and wye level.

B. Test for adjustment of the dumpy level.

C. Test for adjustment of the wye level.

D. Care of self-leveling level.

E. Field adjustment of the self-leveling level.

V. Test.

A. None

(24 Of 24)

INSTRUCTOR ACTIVITY
SCBT 410.2 EA IG 1.2,11

STUDENT ACTIVITY

III.A. Questions.

1. The motion of the
lateral f1ne setting screw
can be adjusted by

2. What method .is.used to

adjust the,Iine of collies-
tion to truly horizontal in
the self leveling level?

III.A. Answers

1. Counterlocking or
loosening the knurled
controls.

2. Two peg test method.

III.B. Read and explain III.B. Perform the re-
criterion test, have student quirements of the
perform same. criterion test,

433



NAVAL CONSTRUCTION TRAINING CENTER
PORT HUENEME, CALIFORNIA 93043

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclasiified.

Topic: Utility Surveying.

Average Time: 2 Period (Class) 5 Period (Pract)

Instructional Materials:

A. Texts:-'

1. Engineering Aid 3 & 2, NAVPERS 10634-B,
Chapter 16.

B. References:

1. Engineering Surveys; ind Edition, Rubey,
Lomuml and Todd; Chapter 13.

C. Tools Equipment and Materials:

1..None

D. Training Aids and Devices:

1. None

E. Training Aids Equipment:

1. None

(1 of 10)
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Terminal Objective: Upon completion of this uniteach
student will have performed engineering surveys related
to area and route surveying. Each student will %Ave_

acted as a member of a survey party, performing the
duties of each member, meeting the requirements of this

unit. Conditions and standards are as set forth in
individual topic objectives.

Enabling Objectives: Upon completion of this topic each
studelit will be able,-while acting as a liwabei of a
survey party, perform a utility survey, staking out i
gravity flow sewer line. procedures will be as outlined
in this topic, Engineering Aid 3 & 2, NAVPERS 10634-B.
Student work will be accurate to 0.01 of a foot per 25
foot station.

Criterion Test: Each student will d6 a utility survey,

while acting as a member of a survey party, involving
a section of gravity flow sewer line of at least 300 feet
in length. Student work will be accurate to 0.01 of A

foot per 25 foot station.

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B, Chapter 16,

pp. 531-532.

43.3



MUNE OF INSTRUCTION

I. Introduction to theslesson.

A. Establish contact.

1. Name.

2. Topic: \Itility Surveying.

B. Establish readiness.

1. .Purpose.

2. Assignment.

C. Establish effect.

1. Value. 4

a. Pass couse.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

INSTRUCTOR ACTIVITY

SCRT 410.2 EA IG 1.2.12

STUDENT ACTIVITY

I.A. Introduce self and topic.

I.B. Motivate student.

out need and value
of material being presented.

D. Ovvview: I.D. State learning objectives.

1. You will be able to perform a Utility I.D.1. State information and

survey staking outa gravity flow materials necessary to guide

sewer line. .
student.

2. Take notes.

3. Ask questions.

4. Testable../

(2 of 10)
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OUTLINE OF INSTRUCTION

II. Presentation.

A. Utility surveys.

433

^
1. General term applied to:

a.. Pipe lines (such as sewer, water, gas
and oil pipe lines).

b. Communication lines (such as telephone).

c. Electrical power lines.

B. Ab.-.we ground utilities.

I. Usually consists of communication and

electrical pole lines.

2. Distribution lines (service).

a. Location is usually controlled by
the building it serves.

b. Usually follows streets and roads.

3. Transmission lines (to distribution).

a. Judgment in route selections is
required.

4. Survey consists simply of locating the
horizontal line as prescribed and marking

stations.

a. Often guys and anchors can be located

also.

(3 of 10)
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OUTLINV-OFLINSTRUCTION

b. Sometimes pole height for vertical
clearance obstructions is determined.

C. Underground utilities.

1. Often need both lines and grade.

2. Pressure lines (such as water).

a. Unually only necessary-to stake out
line because the only grade re-
quirement is soil cover.

b. May require elevation if area is to
to be graded first.

c. May require elevation if conflicting
underground utilities will be or have
been constructed.

3. Gravity flow lines (such as storm sewers).

a. Requires staking for grade as well
as line.

4. Grade, given_an_invert-or ilow- line.

a Invert-bottom inside of
channel or pipe.

b. Flow line-bottom inside

c. Inlet and outlet.

a drainage

of drainage pipe.

(1) Outlet controlling elevation for
manhole.

(4 of 10)
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OUTLINE OF INSTRUCTION

D. l'ocedure for locatön and construction layout.

1. Establish controlling points.

a. Connecang points.

(1) Man holes, changes in direction
or grade.

(2) Houses.

(3) Connections to existing lines.

2. Centerline stakeout.

a. Mark centerline stations.

(1) 1" x 2' stakes used.

(2) 25 or 50 ft. spacing normal.

3, -Offset-line.

a. Right or left of centerline.

b. Distance determined by type of
equipment used to dig trench.

c. Maik offset stake with 2" x 2" hub

and tack.

d. Set guard stakes.

(1) Mark guard stakes w/following.

(5 of 10)
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(a) Front of stake (side to
centerline.)

1. Set grade stake or mark at
each end of the uniform
grade.

2. Cut (to nearest 1/8")
hundreth.

(b) Steps.

1. Set grade stake or mark
at each end of the uniform
grade.

2. A transit or level is then
set up over one end.

3. Difference in height between
the instrument and the mark
is measured and the target
on the rod is set at this
value (grade rod).

4. Rod held at other end on
slope a 3 line of sight
directed at it.

5. Lock in line of sight.
You can now set a given
mark on the line or sight
anywhere desired.

(2) Giving grade.

(a) Most rapid and in many ways the
best method.

6 of 10)
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OUTLINE OF INSTRUCTION

(3)

0

(b) Indicates cut from a
convenient object near work.

(c) Elevation is determining on
convenient objects or stakes
by profile leveling.

1. Difference computed and
stakes or.batter boards
marked.

2. Keel usually marks point
to which measurement is to

be taken.

Offset distance.

(a) Rear of stake (side away from

centerline).

1. Station No.

2. Direction from centerline
(right to left).

e. Points on streets an.' pavements.

(1) Mark with chisel, spikes or paint.

4. Profile run.

a. Determine ground elevation to nearest

0.1 ft. at centerline stations.

b. Determine elevations on offset hubs to

nearest 0.01 ft.

(7 of 10)
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5. Plot profile.

443

a. Use appropriate horizontal and vertical
scales.

6. Compute rate of grade (gradi#nt).

a. Formula: Difference in Elev. X 100 =
grade Hor. Dist.

b. Methods of grving grade.

(1) Shooting in grade-used when marks
are to be set for a uniform rate
of grade.

(a) Not an independent method.

7. Set batter boards.

a. Convenient locations.

b. Invert of pipe used for controlling
grade.

8. Keep appropriate notes and records of any
construction change.

a. Used to make "as builts".

b. Sample on page 212,"Surveying Practice".

(8 of 10)

INSTRUCTOR-ACTIVITY-
SOT 410.2 EA IG

-----STUDENT-ACTIVITY
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III. Application

A. Discussion

B. Practical Application.

IV. Summary.

A. Utilities surveys.

1. General.

B. Above ground utilities.

1. Consists of.

2. Distribution.

3. Transmission.

4. Survey consists,of.

o tJ
(9 of 10)

INSTRUCTOR ACTIVITY

M.A. Questions

1. How is location and
design determined on a

sewer line?

2. Why is an offset
line used?

3. What is an invert?

SCBT 410.2 EA IG 1.2 ,
_STUDENT ACTIVITY

III.B. Discuss problem

with students. Have

students set up field
notes grade requirements
per station..

III.A. Answers

1. Starting and
ending points.

2. Centerline will be
destroyed during con-
struction.

3. Bottom, inside of
drainage channel.

III.B. Students per-

form required survey
work.



OUTLINE OF INSTRUCTION

C. Underzround utilities.

1. Requirements.

2. Pressure lines.

3. Gravity flow lines.

4. Grade.

D. Procedure for location and construction
layout.

1. Establish control.

2. Centerline.

3. Offset.

4. Profile run.

5. Plot profile.

6. Campute rate of grade.

7. Set batter boards.

8. Nctes.

V. Test.

A. See criterion test.

(10 of 10)

INSTRUCTOR ACTIVITY
SCBT 410.2 EA IG 1.2.12

STUDENT ACTIVITY
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NAVAL CONSTRUCTION TRAINING CENTER

PORT HUENEME, CALIFORNIA 93043
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 410.2

Classification: Unclassified

Topic: Building Layout.

Average Time: 2 Periods (Class) 8 Periods (Pract)

Instructional Materials:

A. Texts:

1. Engineering Aid 3 & 2, NAVPERS 10634-B.

B. References:.
1

1. Surveying Practices, Philip Kissum.

C. Tools, Equipment and Materials:

1. See Annex III.

D. Training Aids and Devices:

1. Films: None

2. Transparencies: None

3. Charts: None

4. Locally Prepared Materials:

454
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_

SOT 410.2 EA IG 1.2.13

Terminal Objective: Upon completion of this unit each
student will have performed engineering surveys related
to area and route surveying. Thefstudent will have acted
as a member of a survey party, pe*forming the duties of
each member, meeting the requirements of this unit. Con-,
ditions-and standards ire as set forth in individual
topic objectives.

.Enabliag Objectives: Upon completion of this topic.each
student will be.able to layout a married pre-engineered
steel building (2-40' x 100') while.acting as a chainman,
rodman, instrumentmart and notekeeper in a survey party.
Procedures will be as outlined in Engineering Aid 3 & 2,
NAVPERS, 10634-B, Chapter 16, Page 532 through 534 and
Manufacturer's Drawings and Specifications. Student
application will be checked by measuring the diagonals
with an accuracy of + 1/16 inch as measured-on the diagnn
and checked against each other and the computed diagonal
distance.

Criterion Test: Each student will act as a rodmin, chain
man, notekeeper and instrumentman while laying out two
married pre-engineered steel buildings with an accuracy
of + 1/16 inch as measured on the diagonals and checked
against each other and,the computed diagonal distance.

Homework: Read

Engineering Aid 3 & 2, NAVPERS 10634-B, pp. 532 - 534.
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a. Data Sheets.

(1) SCBT 410.2 EA DS 1.2.13.1,
Sample Note Format Building Layout.

E Training Aids Equipemnt:

1. None

1)
(2 of 9)

SCBT 410.2 EA IC 1.2.13

..
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OUTLIN1 OF INSTRUCTION

I. Introduction to the lesson.

A. Establish contact.

1. Mama.

2. Topic: Building Layout.

B. Establish readiness:

1. Purpose.

2. Assignment.

C. Establish effect.

1. Value.

a. Pass course.

b. Perform better on the job.

c. Get advanced.

d. Be a better Engineering Aid.

D. Overview:

SCBT 410.2 EA IC 1.2.13

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

I.A. Introduce self and topic.

I.B. Motivate student.

I.C. Bring out need and value
of material being presented.

I.D. State learning objectives.

1. You will be able to layout a married I.D.1. State information and

pre-engineered steel building fol-. materials necessary to guide

lowing manufacturer's specifications. student.

2. Take notes.

3. Ask questions.

4. Testable.

(3 of 9) 4 5



OUTLINE OF INSTRUCTION

II. Presentation.

A. Construction Survey.

4tJtj

1. Procedures of properly positioning field
construction is termed layout.

2. Hay be a simple building foundation or
the intricate arrangement of interrelated
buildings, utility lines, streets, roads,

.and other facilities.

3. Data for survey.

a. Plans always give either by scale or
by actual dimensions the positions and
elevations of the new work.

(1) Relative to existing structures or
to survey control marks.

(2) The dimensions of the construction
shown on the plans complete the
necessary data for giving line and
grade.

b. Sometimes construction plans are not
available and you have only manufac-
turer's erection plans and spec's.

(1) You must establish your own control
and site plan.

(2) Draw a rough floor or foundation
plan for use in laying out the
construction site.

(4 of 9)

INSTRUCTOR ACTIVITY

=2 /
SCET 410.2 EA IC

STUDENT ACTIVITY

4 6,
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OUTLI, OF DISTINCTION

B. Location and layout procedures,

1. Location and control

Ia. Determine boundries of site and
verify or mark.

SCBT 410.2 EA IG 1.2.13

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

b. Establish reference line (base line). II.B.1.b. Demonstrate
procedures.

(1) Away from the construction area.

c. Establish TBM and reference.

(1) Away from the construction area.

2. Leyout.

a. Set building corners.

(1) Can be located in several ways.

.(a),. Two distances from known
points.

(b) Angle and distance from
known points.

(c) Angles from two knOwn points.

(d) Perpendicular swing offset
from known base line (most
used).

1. transit and steel tape.

2. Mark corners with hub
and tack.

(5 of 9)

II.B.1.c. Demonstrate
procedures.

II.B.2.a.(1)(d) Demonstrate

each step.

463
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OUTLINE OF INSTRUCTION

3. Establish guard stakes

and mark.

3. Check accuracy of rectangular layout.

11: Small buildings.

(1) Make angular measurements at each
corner.

(2) Measure diagonals.

b. Large buildings.

(1) Angular measurements at each
corner.

Batter boards.

a Temporary device which supports
cords which:

(1) Mark outline of building.

(2) Grade for structure.

Constructed of 2" x 4" stakes and

1" x 6" cross pieces (Surveying
Practices, page 207).

Procedure for setting.

(1) Set 2" x 4" stakei.

(a) Back 3 or 4 feet from
outer edge of excavation
line.

(6 of 9)

SCBT 410.2'EA IG 1.2..3

INSTRUCTOR ACTIVITY STUDENT ACTIVITY



OUTLINE OF INSTRUCTION

(b) Mark to grade.

1. Finish floor grade.

2. Even number of feet above
or below finish grade.'

(c) Nail top of croasPiece
flush with marks.

(d) Mark top of crosspiece with
nail or notch on bitilding
line.

5. Notekeeping;

6. Continning work.

a Reference used to re-establish.

(1) Footing and foundation line.

(2) Plumb forms.

(3) Columns, steel frame work etc.

b. References may be used to establish
reference points within a building
for locating piping, machinery or
interio structural features.

(1) This could also include a
bench mark.

7. As builts.

41;o
(7 of 9)

SOT 410.2 EA IC 1.2.13

INSTRUCTOR ACTIVITY STUDENT ACTIVITY

II.B.5. Pass out SCBT
410.2 EA DS 1.2.10.1
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OUTLINE OF INSTRUCTION

III. Application.

A. Discussion.

B. Practical performance.

7.7. Summary

A. Construction Survey.

B. Location and layout procedures.

1. Location and control.

(8 of 9)

INSTRUCTOR ACTIVITY
SCBT 410.2 RA IG 1.7 3,

STUDENT ACTIVirY

III.A. Questions.

I. Haw would the plans
give data necessary for
building layout?

2. Which of the four
methods of layout is pre-
ferred?

3. How would you Check
the accuracy of a small
building layout?

4. What distance should
a batter board be offset?

III.B. Pass out a set of
manufacturer's plans and
specifications and have
each party draw out a rough
foundation plan. Explain
layout problem to students
with demonstration.

M.A.. Answers

1. By scale oi by
actual dimens 6.

2. Perpend4ular off-
set.

3. Diagoi4ls & angles.

4. 3/io 15 feet or out
construc-of the way of

tion.

III.B. Perform buildng
layout.

401,



0.LIN1 OF INSTRUCTION

2. Layout.

3. Check accuracy.

4. Batter boards.

5. Note keeping.

6. Continuing work.

7. As builts.

V. Test.

A. See criterion test.

4

(9 of 9)

INSTRUCTOR ACTIVITY

a

4-

%.247
SCBT 410.2 EA IL 12.13

STUDENT ACTI":
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SAMPLE NOTE FORMAT

BUILDING LAYOUT
BLDG T-1516, PORHUE, CA.

STA. BS

BM 17 5.22

HI FS

35.22

ELEV.

30.00

GRADE
HOD

1 4.26 30.96

2 4.14 31.08

3 4.68 30.54

4 4.52 30.70

1 2.64

2 2.64

2.64

4
2.64

17,,
(1 of 1)

7
- BLDG. LAYOUT SCBT 410.2 EA DS 1.k.i3.1

1 APR 67
FAIR, WIND1 (52°)
K&E LEVEL* 451206
K&E 1' TRANSIT 4219

BATTER
ELEV.

T_

32.58

32.58

32.58

32.58

REMARKS

- COLE Rix_

20. 00

7c SNIPES
TILKIN 10

LUFKIN
A COWART

0 od
150 00

ROBE
AVE.

NOTEt BATTERBOARD ELEVOION 1.5' ABOVE
1011EST CORNER: r
BATTERBOARD ELEVATION IS TOP CIF

FIVRbATION

173



CHAPTER 10

ADJUSTMENT AND REPLACEMENT

OF SURVEYING EQUIPMENT

As used in surveying, the teim ADJUSTMENT
has two meanings, depending on its usage and
intent. When applied to the instrument, adjustment
means bringing the various fixed parts into
proper relation with one another, so accurate
results are obtained when the instrument is used.
It is distinguished from the ordinary operations
of leveling the instrument, aligning the telescope,
and so forth. When the term is used in connection
with the results of a survey, adjustment may
mean one of the following: (1) The proper dis-
tribution of errors of closure in a closed tra-
verse, (2) the angular adjustment of a station
and/or figure in a triangulatkon network, and
(3) the adjustment of elevations in a level circuit.

As used in this chapter, adjustment is con-
sidered in terms of the first definition and
information is presented on minor adjustments
and repairs of surveying instruments and the
replacement of 'equipment. The adjustment of
survey results is discussed fully in Engineering
Aid 1 & C.

MINOR ADJUSTM7ENTS

The minor adjustments, minor repairs, and
ithe replacement of surveying instruments are
among the responsibilities of engineering aid
personnel. Minor adjustments and minor repairs
are those that can generally be done in the field
using simple tools; major adjustments and re-
:pairs are those generally done in the Jactory.
If the defect in the instrument cannot be cor-
rected by minor adjustment or repair, do not
attempt to disassemble it; make necessary ar-
rangements for sending the instrument to the
manufacturer. Most surveying instruments are
precision instruments; major adjustments and
recalibration need special skills and tools that
can be provided only by the instrument company
or its subsidiaries.

The EA should be familiar with the m'nor
adjustments that are considered in this chapter.

These adjustments are not laborious, nor are
the basis of the adjustment principles difficult
to understand. In order to make proper adjust-
ments, it is important that the EA take the
following into consideration:

1. He must be familiar with the principles
upon which the adjustments are based.

2. tie must know the methods or tests used
to determine if an instrument is out of adjust-
ment.

3. He must know the procedure for making
actual adjustments, and the correct sequence by
which they can be made expeditiously.

4. He must be able to tell what effect the
adjustment of one part will have on other parts
of the instrument.

5. He must understand the effect of each
adjustment upon the instrument when it is actUally
used for measurement.

Generally, the adjustments of surveying in-
struments involvn the level bubbles, telescope,
and the reticle. Fa,' example, if one or both of
the plate .leVer bubbles of an engineer's transit
are centered when the plate is, in fact, not level,
the instrunient is out of adjustment. Similarly,
an optical instrument equipped with vertical and
horizontal crosshairs is out of adjustment if the
point of intersection between the crosshoks does
not coincide with the "optical axis". Similarly
again: if the reflected bubble on a Locke or
Abney lev l is centered when the optical axis is
other t horizontal, the instrument is out of

adjustmen, .
The process of adjustment involves chiefly

the steps which are necessary to bring a bubble
to center when it should be at center, or to bring
a crosshair point of intersection into coincidence
with the optical axis. Instrument manufacturers
publish handbooks containing recommended ad-
justment procedures. These are usually small
pamphlets, obtainable free of charge. The Keuffel
& Esser SolarpE hemeris, an annual publication
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Chapter 10ADJUSTMENT AND REPLACEMENT OF SURVEYING EQUIPMENT b
consisting chiefly of astronomical tables, is such
a pamphlet. Besides the tables, the Solar
Ephemeris contains detailed adjustment pro-
cedures for K & E transits, levels, and alidades.

The following sections, taken from the K & E
Solar Ephemeris, are intended to give you an
idea of general instrument adjustment proced-
ures. For adjusting your particular instruments,
you should follow the appropriate manufacturer's
instructions.

GENERAL ADJUSTMENT
PROCEDURE

Instruments should be carefully checked peri-
odically to determine whether or not they need
adjustment. There is an adage that an instrument
-should be checked frequently but adjusted rarely.
The basis for this adage is the fact that modern
quality instruments get out of adjustment much
less frequently than is generally believed. Con-
sequently, much need for adjustment is caused
by previously made improper adjustments which
were not really required, but resulted from
errors in checking.

Before it is assumed, then, that adjustment
is necessary, it must be positively ascertained
that an t.;:parent maladjustment is ac4ua1ly such,
and not a result of error in the check, or of
circumstances other than maladjustment. The
following procedures should be followed in check-
ing.

1. Check on a cloudy day, if possible.
2. Ascertain that the tripod shoes are tight

and that the instrument is screwed all the way
.down on the tripod.

3. Set up on firm ground, in shade but in a
good light, where a sight of at least 200 ft can
be taken in opposite directions.

4. Spread the tripod feet well apart and
place them so as to bring the plate approxi-
mately level. Press the shoes in firmly, or set
them in cracks or chipped depressions if on a
hardened surface. (Avoid setup on asphalt pave-
ment in warm weather.)

5. After the tripod feet are set, release and
then retighten -the wing nuts. The purpose of
this is to release any possible "residual fric-
tion" which, if not released, might cause an
eventual shift in the legs.

6. Level the instrument with particular care.
After leveling, loosen all level screws slightly
(again to release residual friction) and relevel.
Tighten all screws with equal firmness, but
avoid tightening too tight. Too much tightness

3-53

will eventually deform the centers, causing both
friction and play.

7. Carry out all checks in the order pre-
scribed for the instrument. Do not make an
adjustment unless and until the same check,
repeated at least 3 times, indicates the dame
amount of error every, time.

8. Remember that most tests show an error
which is DOUBLE the actual displacement error
in the instrument.

Be especially watchful for "creep" that is,
a change in position caused by settlement or by
temperature change in the instrument. To detect
any possible creep, allow every set bubble or
set line of sight to stand for a few seconds, and
ensure that no movement occurs during the
interval.

Before M3 king an adjustment, consider
whether or not the error discovered will have
a material effect on field results. Make adjust-
ments in prescribed order, to, avoid disturbing
an adjustment by a subsequent adjustment. After
an adjustment is made, set up the parts firmly
but not too tight. Then repeat the original check
at once. After all the contemplated adjustments
have been made, repeat the entire round of
checks in the prescribed order. This will indicate
whether or not an adjustment has been dis-
turbed by a subsequent-adjustment.

TRANSIT ADJUSTMENTS

Figure 10-1 illustrates the meanings of,the
terms "azimuth axis", "opitcal axis", and "ele-
vation axis" as they apply to atransit, engineer's
level, or alldade.

45.434
Figure 10-1. Principal axes of surveying in-

struments, such as the transit, engineer's
level, or the atidade.

N
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ENGINEERING AID 3 &

The transit must be kept in good adjustment to
obtain accurate results. There are six tests and
adjustments of the transit that you must be
capable of performing. All tests and adjustments
of the transit are made with the instrument
mounted on its tripod and set up in the shade.
These tests should be made periodically, in the
sequence In which they are discussed in the
following paragraphs. When one of the tests
indicates that an adjustment is necessary, this
adjustment mugt be made and all previous tests
must be repeated before proceeding with the
next test.

Plate Bubbles Adjustment

The test of the plate bubbles should be made
every thne the instrument is set up for use.
When an error in the adjustment of )1ther plate
level is indicated, it is not always necessary to
make the adjustment, because the operation of
bringing the bubble halfway back to center by
turning the leveling screws makes the vertical
axis of the transit vertical. The adjustment must
be made, however, before other tests and adjust-
ment of the instrument. To make the axis of
the bubbles perpendicular to the vertical axis
(fig. 10-2), perform the following steps:

1. Set up the transit and bring both bubbles
to the center of their tubes by turning the leveling
screws (view A, fig. 10-2),

2, Rotate the instrument about its vertical
axis through 180° and note the amount the bubbles
move away from their center (view B, fig. 10-2),

3. Bring the bubble of each tube half the
distance back to the center of its tube by turning
the capstan screws at the end of each tube.

4. Relevel with the leveling screws and rotate
the instrument again. Make similar correction
if the bubbles do not remain in the center of the
tubes.

5. Check the final adjustment by noting that
the bubbles remain in the center of the tubes
during the entire revolution about the vertical
axis (view C, fig. 10-2).

Crosshair iteticle Adjustment

The point of intersection between the hori-
zontal and the vertical crosshairs should lie
on the optical axis. The optical axis is at the
center of the circular field of view through the
telescope.

To make the vertical crosshair lie in a plane
perpendicular to the horizontal axis (fig. 10-3),
follow the procedure below:

1. See that parallax isf eliminated. Sight the
vertical crosshair on a well-defined point, and
with all motions clamped, move the telescope
slightly up and down on its horizontal axis,
using the vertical slow motion .tangent screw.
If the instrument is in adjustment, the vertical
wire will appear to stay on the point through its
entire length.

2. If it does not, loosen the two capstan
screws holding the crosshairs and slightly rutate
the ring by tapping the screws lightly.

45.751
Figure 10-2. Adjustment of plate !nibbles.

.17 )
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45.752
Figure 10-3. Adjustment of the vertical cross-

hair. .

3. Sight again on the point: If the vertical
crosshair does not stay on the point through its
entire length as the telescoPe is moved up and
down, rotate the ring again.

4. Repeat this process until the condition is
satisfied.

To make the line of sight perpendicular to
the horizontal axis (fig. 10-4), proceed as follows:

1. Sight on a point _A at a distance of not
less than 200 feet with the telescope normal;
clamp both plates.

2: Plunge the telescope an et another point
B on the ground at a distance om the instru-
ment equal to the first distan e, and nt about
the same elevation as point A.

3. Unclamp the upper m ion, rotate the
instrument al:at its yertical Is, and sight on
the first point (telescope ii erted) and clamp.

4. Plunge the telesco d observe the second
-point. If the. inst t is in ad uStment, the
point ov o i&;is set will be on ãstrajht
line AE, and point B will fall at position E.11
the instrument is not in adjustment; the inter-
section of the crosshairs (point C) will fall to
one side of the second point B.

5...Measure the distant e BC and place a point
D one-fourth of thisp distance baok toward the
original point B.

6. Move the crossh ir reticle horizontally by
loosening the screws pijone side of the telescope
tube and tightening thel opposite screw until the
vertical crosshair appears 'to have inoved from
C to the corrected position D.
, 7 Repeat this operation from No. 1 above,

"until no error is observed.
B. Repeat the test described for adjusting the

vertical epsshair, since the vertical crosshair
may have rotated during this adjustment.

E 0 C

115.75(45B)A
Figure 10-4. Adjustment of the crosshair

reticle.

Elevation Axis Adjustment

To make the elevation (also called horizontal)
axis of the teleicope perpendicular to the azimuth
(also called vertical) axis of the instrument
(fig. 10-5), perform the following steps:

1. Sight with the vertical crosshair on some
ThUglpoint A, at least 30° above the horizontal

and at a dIstance of 200 ft,such as the corner
of the eiVes of a stable buirdlng or other well-
defined abifets, and clamp the plates.

2. Depress the telescope and mark a second
point -13 at about the.same level as the telescope.

3. Plunge the telescope, unclamp the lower
plate, and rotate the instrument about its verti-
cal axis.

4. Sight on the first point A.
5. Clamp the frertical axis and depress the

telescope. Lf the vertical crosshair intersects
the second or lower point B, thehorizontal axis
is in adjustment. In this cap,. point B is coin-
cident with point D in both direct and reverse
positions of the telescope. 0
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45.754

Figure 10-5.Adjustment of the elevation axis.

6. If not, mark the new point C on this line
and note the distance BC between this point and
the original point.

7. Mark point D exactly midway of the dis-
tance BC. CD is the amount of correction to be
made.

3. Adjust by turning the small capstan screw
,.-. the adjustable bearing at one end of the hori-
lontal axis to correct the error.

9. Repeat this test until the vertical cross-
hair passes through the high and low points in
the direct and inverted position of the telescope.

10. Check all previous adjustments.

Telescope LeVel Adjustment

The adjustment of the :telescope level bubble
of the transit is generally called the peg method.
(This method is explained fully in the adjustment
of an engineer's level which appears later in
this cliapter.) The steps for performing this
adjustment follow:

1. The instrument is set up midway between
two stakes driven 200 to 300 feet apart.

2. A reading is taken through the telescope
on a rod held on each of the stakes. The telescope
must be carefully leveled before each reading.
The difference between readings is the differ-
ence in elevation between the stakes.

3. The instrument is moved, set up, and
leveled close to one of the stakes. The eyepiece
should swing within about half-inch of the rod.

4. The near rod is read through the objective,
and the far, rod in a normal manner leveling
the telescope carefully before each reading.
The difference between rod readings should
equal the' difference from No. 2 above, if the

instrument is in adjustment. If not, a correction
must be made.

5. To adjust, compute the reading that should
be made on the far rod. This equals the near rod
reading plus the difference from No. 2 above.

6. Set the horizontal crosshair on the com-
puted reading using the slow motion screw, and
move one end of the spirit level vertically by
means of adjusting nuts until the bubble is
in the center of the tube (fig. 10-6).

Vertical Circle Vernier
Adjustment

To index the vertical circle vernier to read
zero when the instrument is leveled (fig. 10-7),

perform the following:

I. Br.ng the telescope bubble to the center of
the tube.

2. Read the vernier of the vertical circle.

3. If it does not read zero, loosen the capstan
screws holding the vernier and move the index
until it reads zero on the vertical circle.

4. Tighten the screws and read the vernier
with all the bubbles in the center of their tubes
to make sure that it has not moved during the

operation.
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LINE OF SIGHT

45.755
Figure 10-6. Adjustment of telescope bubble.

45.756
Figure 10-7. Adjustment of vertical circle

vernier.

ALIDADE ADJUSTMENTS

\fr

The adjustments of an alidade is similar to
that of a transit. The telescopic alidade also re-
quires six adjustments. They should be made in
the listed sequence. The seventh adjustment given
here, is the only one required for the self-
indexing alidade. Prior to the alidade adjustment,
the plane table is set up and carefully leveled.

Crosshair Reticle Adjustments

The following procedure is used to make the
line of sight through the crosshair intersection
coincide with the axis of the telescope (collima-
tion adjustment):

1. Point the alidade at a distant well-defined
point.

2. Rotate the telescope in its sleeve. The
intersection of the crosshairs should remain
on the distant point. If the distant point appears
to move away from either or both the cross-
hairs, they should be adjusted.

273

3. Adjust each crosshair separately until the
intersection of the crosshairs continually bisects
the distant point as the telescope is rotated
through 180°.

Vertical Crosshair Adjustment

To make the vertical crosshair perpendicular
to the horizontal axis of the telescope, perform
the following steps:

1. See that parallax is eliminated and that the
alidade is leveled. Sight the vertical hair on a
well-defined point, and move the telescope slightly
up and down on its horizontal axis with the slow
motion screw. If the instrument is in adjustment,
the vertical crosshair will appear to Zo llow
the point through its entire length.

2. If it does not, loosen the screws holding
the crosshairs and slightly rotate the ring by
tapping the screws lightly.

3. Sight again on the point and if the-vertical
crosshair does not follow the point through its
entire length as the telescope is moved up and
down, rotate the ring again.

4. Repeat this process until the condition is
satisfied. -

5. Repeat the collimation adjustment check
above; to make sure that the arosshair inter-
section still coincides with the axis of the tele-
scope.

Striding Level Adjustment

The following procedure is used to make the
axis of the striding level parallel to the line of
sight:

1. Clip the striding level into place on the
telescope.

2. Center the level bubble using the tangent
screw.

3. Unclip, reverse, and reclip the striding
level.

4. If the bubble is off center, bring it halfway
nck using the tangent screw.
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S. Complete the centering, using the pair of
capstan screws at one end of the bubble tube.

6. Repeat the test and adjustment until a
reversal of the striding level does not move the
bubble off center.

Vertical Arc Control Level
Adjustment

To make the vertical arc read true vertical
angles, perform the following:

1. Place the alidade on a stable, flat, approxi-
mately level surface.

2. Place the striding level on the telescope.
3. Center the bubble of the striding level in

its vial.
4. Move the zero graduation of the vernier

into coincidence with the 30° graduation of the
vertical arc. If the bubble of the vertical arc
control level comes to rest off center, use the
adjusting screws near one end of the vertical
arc control level to move the bubble until it is
centered in the vial.

Circular Level Adjustment

Circular level adjustment is made by the
following procedure:

1. Set up and approximately level the plane-
table.

2. Place the alidade near the center of the
drawing board.

3. Draw a line along the length of the alidade
blade.

4. Turn the alidade 1800 and replace the
Jdge of the blade on the line previously drawn
on the board. The bubble of the circular level
should now come to rest at the center of the

S. If the bubble comes to rest off center, the
blade must be checked for flatness. When the
test indicates the blade is warped, the blade
must be flattened. If a test of the level still
r.dicates an error, the bubble should be adjusted
oy placing small shims under the edge of the
wbble holder.

Stadia Arc Adjustment

The following procedure is used to make the
1-,;1,....Aa arc read the true stadia factors for hori-
...:»tal and vertical corrections:

I. Test and adjust the vertical arc control
i, as described above.
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2. Inspect the stadia arc index mark or
marks. The index for horizontal corrections
should be in exact coincidence with the arc
graduation numbered 100. The index for the
vertical corrections should be in exact coin-
cidence with the arc graduation numbered 50.

3. When the bubbles of the striding level and
the vertical arc control level, are both centered
in their vials and the stadia arc is not properly
positioned, loosen the index plate holding screws
with a screwdriver, Move the plate to its proper
position, and clamp in place by retightening the
screws.

Gelf-Indexing Alidade Adjustment

To set the scales of the self-indexing alidade
at their correct values when the line of sight is
horizontal, perform the following steps:

1. Set up aid level the planetable over one
of two selected points at about the same elevation
and about 250 feet apart.

2. Place the rod against the planetable, slide
the left side of the alidade up to the rod, and
read the exact height of the friction adjusting
screw on the end of the telescope axle. A pencil
mark at this point on the rod will be helpful.

3. Move the rod to the other selected point,
sight upon the marked point, and read the vertical
angle scale.

Move and set up the planetable 9' the second

position.
5. Check the height of the adjusting screw at

this point and move the rod to the first point.
6. Sight on the second marked point (if not

the same as the first point) and read the vertical
angle scale.

7. If the instrument is in adjustment, the sum
of the two readings (3 and 6 above) will equal
180°. If the sum is not 180°, the instrument needs
adjustment.

8. To adjust, loosen the capstan locknut to
the right of the tangent screw and move the
reading an amount equal to one-half the difference
between the sum and 180°.

For example:

Reading at position 41 = 89° 48'
Reading at position ;42 = 90° 20'

Sum = iTeit'781-

08'
Amount of correction = - 041

(The sum is greater than 180°, so the
correction is minus.)

1
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9. With the instrument still set up at the

second position, the value is changed, 900 20' -
04' = 90° 16'.

ENGINEER'S LEVEL
ADJUSTMENTS

A check of the instrument's adjustment should
be made upon receipt from the supplier and
before it is taken to the field. It is.necessary
to check the adjustments every day before start-
ing work and at any time the instrument is
bumped or jolted. Th3 instrument should bWset
up and approximtely leveled over both pairs of
screws. Since the check will also include the
optical assembly, the crosshairs and objective
should be focused sharply, using a well-defined
object at least 250 feet away, and then the
parallax removed. When -pitrallax is present,the image is not exactly in the plane of the
crosshairs and the objective focusing must berefined. Since this condition can occur each
time the objective lens is focused, a paxallax
check must be made whenever a new object is
observed.

The check and adjustment of an engineer's
level is made in three steps and in the order
listed.

Telescope Level Adjustments

Adjustment of the bubble tube (fig. 10-8),
makeS the axis of the bubble perpendicular to
the axis of rotation (azimuth axis). The adjust-
ment procedure follows:

1. Set the telescope over diametrically oppo-site leveling screws, and center the bubble
carefully as shown in view A, figure 10-8.

2. Rotate the telescope 180° and note the
movement of the bubble away from center (view
B, fig. 10-8).

45.757
Figure'10-8. Adjustment of the bubble tube.
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3. Bring the bubble half the distance back to
the center of the tube by turning the capstan
screws at the end of the tube (view C, fig. 10-8).

4. Relevel with the leveling screws (view D,
fig. 10-8) and rotate the instrument again.Repeat
(3) above, if the bubble does not remain at the
center of the tube.

5. Check the final adjustment by noting that
the bubble remains in the center of the tube
during the entire revolution about the vertical
axis.

Crosshair Reticle Adjustments

The crosshairs are adjusted to make the
horizontal crosshair lie in a plane perpendicular
to the vertical axis. See figure 10-9. The adjust-
ment is made by performing the following steps:

1. Level the instrument carefully.
2. Sight one end of the horizontal crosshair

on a well-defined point at least 250 feet away.
Turn the telescope slowly on its vertical axis,
using the slow motion screw. If the crosshairs
are in adjustment, the horizontal wire will stay
on the point through its entire length.

3. If it does not, loosen two.adjacent reticle
capstan screws and rotate the reticle by lightly
tapping two opposite screws.

4. Sight on the point again and if the hori-
zontal wire does not follow the point through its
entire length, rotate the ring again.

5. Repeat this process until the condition is
satisfied.

Line of Sight Adjustment

The adjustment makes the line of sight parallel
to the axis of the bubble tube. This is known
as the "two-peg" test method (fig. 10-10).
This method requires the following steps:

1. Set up the instrument (first set-up, fig.
10-10); drive stake A about 150 feet away; drive
stake B at the same distance in the opposite
direction. Set up the instrument so that a pair
of opposite screws is parallel with line AB.

2. Take a rod reading "a" on stake A and
a rot! reading "b" on stake B With the instru-
ment exactly halfway between the two stakes,
(b-a) is the true difference in elevation between
the stakes.

3. Move the instrument close to stake A
(second set-up, fig. 10-10) so that the eyepiece
swings within a half inch from the rod.
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OUT OF ADJUSTMENT

a

IN ADJUSTMENT

115.75(452)8

Figure 10-9.Adjustment of horizontal crosshairs.
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45.436(458)
Figure 10-10. Two-peg test method.
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4. Take a rod reading "c" on stake A through
the objective lens, and a rod reading "d" on
stake B in the normal manner. If the instrument
is in adjustment (d-c) will equal (b-a).

5. If the instrument is out of adjustment,
calculate what the correct rod reading "e"
should be on the farther rod B (e = c + b a).Set rod reading e with a target for accurate
reading. Move the horizontal crosshair to the
correct reading (on target) by looSening the
correct vertical capstan screw" and tightening
the opposite screw.

6. Check the horizontal crosshair adjustment
again. The ring may have rotated during this
adjustment.

7. Rerun the peg test to check the adjust-
ment.

MILITARY LE VEL
ADJUSTMENTS

The military level has a fixed reticle which
does not permit checking or adjusting the line
of sight. However, the circular level bubble and
the main level bubble must be checked and ad-
justed. Whereas in the engineer level, the line
of sight was made parallel to the bubble Euds;
in the military level, the bubble is adjusted to
the line of sight.

Circular Bubble Adjustment

The adjustment of the circular bubble level
is similar to the adjustment of the long vial
bubbles which were discussed earlier in this
chapter, such as the plate level bubbles of the
transit. Two axes at right ahgles on the bubble
face are assumed and each axis is treated as if
it is the longitudinal axis of a plate level bubble.
The capstan screws on the base of the circular
bubble housing are adjusted so that the bubble
will remain in the center when the instrument
.is turned in any direction.

Main Telescope Level
Bubble Adjustment

Adjustment makes the bubble tube axis and
the line of sight parallel. The tvo-peg method
of adjustment is also used. The bubble is brought
into coincidence at each pointing with the tilting
screw and the rod is read. The correction is
computed and the line of sight brought to the
corrected reading using the tilting screw. The
bubble is then adjusted roughly using the capstan-
head screw at the eyepiece end of the bubble.

Fine adjusting is completed by the micrometer
drum under the eyepiece of the, telescope. The
two-peg test should be made to check the final
adjustment, and must be repeated after any dis-
turbance of the objective.

HAND LEVEL ADJUSTMENTS

Generally, a hand level is designed to stanck
up to rough usage without need for constant
adjusting. The level vial is protected, sealed in
position and kept firmly in adjustment. The
tubing is seamless; the threads are accurate;
the lens, the mirror prism, the level tube and
the end-pieces are solidly mounted. Every part
of the hand level is rigidly held in proper posi-
tion; however, the level is very easy to adjust,
if ever it becomes out of adjustment.

The simplest method of adjusting the hand
level is by placing it alongside the, engineer's
level; the engineer's level is first leveled and
sighted on a well-defined point. Then when this
is done, the hand level is held alongside the
telescope of the engineer's level as it is sighted
on the point. The line of sight of the hand level
should hit the same point when its bubble is
centered.

If you are adjusting a Locke level, you must
manipulate the screw at the end of the level
tube which controls the crosshairs defining the
line of sight. If it is an Abney level, you must
raise or lower one end of the level tube vial
until the bubble is centered; make sure that
before doing this, you have first set the index
to zero on the graduated arc.

A hand level that is out of adjustment may
be used to establish a horizontal line by em-
ploying the principle of the two-peg test method
(explained earlier in this chapter), with a little
variation. Let positions A and B, be two posts,
trees, corners of a building, or other convenient
objects on a fiarly level ground and about 30 to
50 feet apart. Let's suppose that we selected
two trees for this purpose, as shown in figure
10-11. Using a sharp knife, make a small hori-
zontal notch C (at a convenient height) on trunk
of tree A; hold the level against this notch, and
with the bubble centered, establish point D
making a small notch also at this point. The
level is then held at notch D and point E is
established in the same manner when the level
was held at notch C. The distance CE would
be double the error, and point M, the midpoint
between C and E will therefore represent the
horizontal line through notch D. The Locke level
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BETWEEN 30 TO 50 FEET

45.436(45B)
Figure 10-11. Two-peg method of adjusting a hand level.

or the Abney level, whichever type of level you
are testing is adjusted accordingly.

SEXTANT ADJUSTMENTS

Like any other surveying instruments, the
sextant must be kept in good adjustment to obtain
accurate results. These adjustments must be
performed in the sequence in which they are
discussed in this section.

Index Mirror Adjustment

To adjust the index.mirror perpendicular to
the plane of the instrument:

1. Set index arm near middle of arc.
2. Hold instrument with eye close to index

mirror, and in plane of sextant with arc away
.rc-in eye.

3. Observe arc direct and reflected in index
mirror, moving index arm back and forth. Arc
and reflected image of arc should appear as a
Pontinuous unbroken arc.
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4. If arc appears to be broken or non-
continuous, correct by adjusting screw at back
of index mirror frame.

Horizon Mirror Adjustment

To adjust the horizon mirror perpendicular
to the plane of the instrument:

1. Set index near zero.
2. Hold sextant vertically and sight horizon.
3. Bring direct and reflected image of hori-

zon into coincidence by turning micrometer.
4. Incline sextant so its plane makes a slight

angle with the horizon. Images should still be
in coincidence.

5. If images do not remain in coincidence,
correct by adjusting horizon mirror using the
screws on the back of the frame.

Index Mirror Correction

To correct inder mirror by making reflecting
surfaces of the two mirrors parallel when index
is exactly at zero:

1. Set index at zero.
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2. Point at distant object (usually the horizon).
3. Rotate horizon mirror by means of adjust-

ing screw until direct and reflecting images
coincide.

After each day's use, the sextant should be
wiped clean and dried off. To prevent excessive
wear on the movable parts, refrain from adjust-
ing the sextant unnecessarily. When mirrors
fog or become useless, replace them; do not
throw old mirrors away. They can be resilvered
and reused.

MINOR REPALSS

As stated earlier in this chapter,. minor
repairs to surveying instruments and equipment
are those that can be done in the field with the
use of simple tools. These repairs are done
by the SEABEES. Major repairs are done by
instrument specialists who are generally em-
ployed by the instruments Manufacturers, and
the repairs are done in the factory.

Whether or not you yourself, or someone
else in the battalion, should attempt the repair
of a damaged item of equipment depends on
the nature of the damage and the character of
the item. A broken tape, for example, can
easily be spliced (explained in chapter 12). On
the other hand, whether or not you should attempt
to straighten a bent compass needle depends
on the type of compassfor an ordinary pocket
compass, perhaps yes; for the compass on a
transit, perhaps no. Many types of damage to
such articles as range poles, tripod legs, and
the like may be repaired in battalion or PWD
shops. Minor damage to instruments may be
repaired occasionally in battalion machine shops,
but major repairs to instruments, when they are
economically worth while at all, should be done
by manufacturers or their authorized agents,
or by competent Navy instrument repairmen.

REPLACEMENT PROCEDURE

When in the judgment of the senior EA or
the Engineering Officer, an instrument is beyond
economical repairs, it must be surveyed using
standard survey procedures. It must be replaced
with a new one, and the procurement of which
will normally be carried through the Navy supply
system. Expendable items are procured in the
same manner.
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NAVY SUPPLY SYSTEM

Each individual item of equipment or supply
which is available through the Navy supply
system is identified by a stock number, arid
listed and described in a stock catalog. The
items which may be drawn from supply by a
battalion, and the maximum number of such
items a battalion may have, are set forth in an
"allowance list". When the number of items
available in a battalion falls short of the allow-
ance (because of expenditure, wear, casualty,
loss, or some other type of attrition), the short-
age must be replaced.

Some items, such as range poles, sounding
poles, chaining pins, bull points, turning point
pins, targets, stake bags, equipment boxes, and
the like, may be replaced by manufacture in
battalion or Public Works Department shops.
Most items, however, are replaced from supply
that is, they are ordered from the nearest
available Naval Supply,Depot.

An item is ordered by stock number in
accordance with a prescribed procedure with
which you must be familiar. Your source to
study for most of what you should know about
the Navy supply system is chapter 12 of Military
Requirements for Petty Officers 3 & 2, NavPers

There is an additional phase of the
system, however, which is not discussed in
NavPers 10056-B, and which is peculiar to
the SEABEES. This is the "advanced baSe func-
tional component system"

ADVANCED BASE FUNCTIONAL
COMPONENT SYSTEM

During the Pacific Campaign of World War
II, materials ordered for one base were appro-
priated for the more immediate need of another
base that happened to be nearer the battlefront.
At times it was impossible to know what part
of, or how much of a grouping of materials that
had been planned for a certain project had been
diverted to another project of higher priority.
To correct this shortcoming, logistics planners
attempted to standardize and catalog in related
groups all the motor vehicles, engineering equip-
ment, radios, typewriters, boats, number of
men, and consumable supplies from the numerous
allowance lists. The problem was tackled from
the point of tasks to be performed, and who and
what was needed for each task. The modular or
building block concept was developed, with each
component designed to serve a specific function
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no -matter where it was placed. Thus, the Func-
tional Component System as a tool of Naval
logistics evolved out of the experience with early
advanced base planning and shipment of materials
in World War II.

It is the result of an analysis of all fore-
seeable overseas requirements of men and mate-
rials and the organization of such requirements
into compact and related units for assignment
and shipment, individually or in multiples, to
fill any sized operational requirement. The aggre-
gate of all these units or functional components,
large and small, in their relationship to each
other, is the Functional Component System as
developed by the U.S. Navy. All advanced base
logistic planning is expressed in terms of func-
tional components or their equivalents. The
Functional Component System has become the
quantitative expression of measurement of plah-
ning, procurement, assembly and shipping of
material needed for war and other operational

ea,

364

requirements. The system is intended to facilitate
and expedite procurement by area commanders
simply to order a component, instead of ordering
each item in the component separately.

As a SEABEE, you must be familiar with
NAVAL FACILITIES ENGINEERING COM-
MAND's Detailed Catalog of Equipment and Con-
struction Material Requirements for Advanced
Base Functional Components, NA v FAC P-103.
It is in this publication that you will find the
allowance list for outfitting a Mobile Construction
Battalion. It is called P-25 Component. Under
P-25 Component, you will find Assembly No.
4002 which lists the surveyor's supplies and
equipment requirement for a 4-man survey crew.
The quantities could be increased in multiples
of a crew requirement which depends upon the
authorized strength of the battalion, or upon the
needs of the projects in a deployment.

The NAVAL CONSTRUCTION F OR C ES
MANUAL, Annex C, gives an excellent summary
description of the Functional Component System.
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Ak,UXILIAR

A-A

RIGHT
SIDE
VIEW

45.273
Figure 5-48.Diagonal hatching on auxiliary

section.

In the upper part of figure 5-51 there is a two-
view multiview projection of a block. Though
the line AB is parallel to the horizontal plane of
projection, it is oblique to both the vertical and
the profile planes. It is therefore a non-normal
line, which will be a nonisometric line in an
isometric projection or drawing of the same
object. All of the other lines in the two-view
multiview projection are normal Tines, however,
which will appear as isometric line8 in an
isometric drawing or projection.

You cannot, then, transfer AB directly from
the two-view multiview projection to anisometric
drawing. You can, however, transfer directly
all the normal lines in the multiview projection,
which will be isometric lines, appearing in their
true lengths, in the isometric /drawing. When
you have done this, you will have constructed
the entire isometric drawing exclusive of line
AB and its counterpart on the bottom face of the
block. The end points' of AB and its counterpart
will be located, and it will only be necessary
to connect them with straight lines.

ANGLES IN ISOMETRIC

In an isometric drawing or projection an
angle on the orIginal object never appears in its

146

RIGHT SIOE VIEW

45.274
Figure 5-49. Diagonal hatching on a revolution.

true size in the drawing. Even the angle formed
by two normal lines, such as one of the 90°
corner angles. on the block shown in figure 5-51,
appears distorted in isometric.

To tran§fer an angle like the one shown in
figure 5-5210 an isometric drawing or projection
you follow the same pi inciple used in trans-
ferring a nonisometric line. In the block shown
in figure 5-52, top view, line A8 makes a 40°
angle with the front edge. This line is a non-
normal line which will appear as a nonisometri3
line in an isometric drawing. You-locate the end
points of AB on the isometric drawing by trans-
ferring distances a and b, measured along normal
lines in the mlltiview projection and along
corresponding isometric lines in the isometric
projection.

The angle which measures 40° on the multi-
view top view measures only about 32° on the
isometric drawing.
CIRCLES IN ISOMETRIC

A circle which appears in a multiview ortho-
graphic drawing will appear as an ellipse on
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45.276
Figure 5-51. The line AB is a nonisometric

45.275 line.
Figure 5-50. Box construction.

conjugate axes of equal length in an isometric
drawing of the object. The legs of the conjugate
axes are drawn parallel to the upper legs of the
isometric axes. This is illustrated in figure 5-53.
The circle which appears in the top view appears
as an ellipse on conjugate axes of equal length
in the isometric drawing. The conjugate axes
of the ellipse are equal in length to the diameter
of the circle shown in the top view, and are made
parallel to the diagonal legs of the isometric
axes.

You could draw the ellipse by the method pre-
viously described for drawing an accurate ellipse
on conjugate diameters. However, an approximate
ellipse, drawn with a compass, is usually satis-
factory. The method of drawing an appmximate

ellipse on equal conjugate,diameters is illustrated
in figure 5-54. First draw the circumscribing
paiallelogram ABCD, -by drawing at the end of
each axis lines which are parallel to the other
axis. Next construct the approximate ellipse as
follows:

Draw the diagonal AC. From the midpoint of
AB and the midpoint of BC draw lines to D. The
points of intersection between these lines and
the diagonal AC (points 0 and 0') are the centers
for the end arcs of the approximate ellipse.
Points B and D are the centers for the side arcs.
NONCIRCULAR CURVES
IN ISOMETRIC

A line which appears as a noncircular curve
in a regular multiview view of dn object will

a
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FRONT VIEW

45.277
Figure 5-52. Drawing an angle in isometric.

obviously appear as a nonisometric line in an
isometric drawing or projection of the object. To
transfer such a line to an isometric drawing or 45.278

projection you must plot a series of points along Figure 5-53. Circle in orthographic appears as
the line, by measurements taken along normal
lines in the multiview view And transferred to
corresponding isometric lines in the isometric
drawing or projection.

TOP VIEW.

FRONT VIEW

...

In the upper part of figlire 5i-55 there is a
two-view multiview projection of a block with an
elliptical edge. To make an isomeiric drawing of
this block, first complete the dircumscribing
rectangle in the upper view, lay offequal intervals
as shown, and drop perpendiculars from these
intervals to the elliptical edge of the block.

Next construct the block as a rectangle in
isometric, as shown in the lower part of figure
5-55, and plot a series of points along the
alliptical edge by laying off the same perpen-
diculars shown in the top multiview view. Fair
in the line of the ellipse through these points
with a french curve.

,=.LTERNATE POSITIONS
OF ISOMETRIC AXIS

ellipse in isometric.

0

45,279

Up to now the Isometric axis had always been Figure 5-54. Method of drawing approximate
shown with lower leg vertical. The axis may, ellipse on equal conjugate axes.
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IFRONT VIEW

45.280,
Figure 5-55. Method of drawing a noncircular

curve in isometric.

however, be used in, any position, provided that
the angle between adjacent legs is 120°. Figure
5-56 shows how the position of the isometric
axis varies with different views of an object.

DIAGONAL HATCHING
IN ISOMETRIC

Diagonal hatching on a sectional surface
should appear to make a 450 angle with the hori-
zontal or vertical axis of the surface. If the
sectional surface is an isometric surface (one
which makes an angle of 359 16' with the plane of
projection), lines drawn at 60° to the horizontal
of the paper, as shown in figure 5-57, present
the required appearance. For diagonal hatching on
a nonisometric surface you must experiment to
determine the angle which presents the required
appearance.

OBLIQUE DRAWING TECHNIQUES

Earlier in this chapter, a comparison was
made between an orthographic projection of a
cube whose nearest face was parallel to the
plane of projection and an oblique projection
of the same cube in the same position. You have
seen that the orthographic view shows only one
surface, the front view, while the oblique view
shows three surfacesthe front, the top, and
the side. The projection lines of the orthographic
view are parallel to each other and are perpen-
dicular to the plane of projection:It is the same
case with the oblique view, except that the
projectors are not perpendicular to the plane
of projection.

In an oblique projection of a rectangular object
one face of the object (usually the most prominent
or most important face) is placed parallel to the
plane of projection. The resulting projection will
show this face in its true dimensions, and with
angles of the same sizes as on the original object.
Angles on the other faces, however, will be
distorted.

THE OBLIQUE AXES

As in isometric drawing, there are three lines
in oblique axes, two of which are always per-
pendicular to each other, and assumed to be
resting on the plane of the paper. The third line
is a receding line that is drawn at any convenient
angle with the horizontal. The choice of this
convenient angle should be one that permits show-
ing the details On the desired receding surface
as clearly as possible. This is genera.11y a matter
of convenience to the draftsman. There is no fixed
requirement in positioning the oblique a.xes on the
drawing sheet, except that the two axes resting
on, or parallel to, the plane of the paper must be
90° apart. The various positions in which an
oblique axis may be drawn are shown in figure
5-58.

IRREGULAR LINES

A line which would be a normal line in a
multiview projection or an isometric line in an
isometric projection is called in an oblique
projection a REGULAR line. It follows that in
an oblique projection an IRREGULAR line is one
which would be a non-normal line in a multiview
projection and a nonisometric line in an isometric
projection.
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As an isometric line is parallel to one or
another of the isometric axes, so is a regular
line parallel to one or another of. the oblique
axes. However, all lines on the face which are
parallel to the plane of projection are regular
in an oblique projection. A regular line appears
projected in its true dimensions.

In the upper part of figure 5-59 there is a
two-view multiview projection of a block. The
line AB is a nonnormal line, which appears in
the oblique projection beloiv as an irregular line.
To transfer the line you proceed as you do with
a nonisometric line. You draw the projection by
measurements made along regular lines, and this
locates the end points of the irregular line. The
procedure for a cabinet projection would be
the same, except that measurements made along
the receding axis would be reduced' by half.

ANGLES IN OBLIQUE

In an oblique projection an angle on the surface
which is parallel to the plane of projection will
appear in its true size; an angle on any other
surface will not. In the upper view of figure 5-60

there is a two-view multiview projection of a
block. There is a 300 angle drawn on the surface

of the top view and another on the surface of the
front view. The oblique projection below the angle
on the front view (which is parallel to the plane
of projection) still measures 30°. The angle on
the top view, however, now measures only about
9°. You Jransfer the top view angle just as you
do an angle in isometric, by locating the end
points of the line by measurements made along
normal lines.

CIRCLES IN OBLIQUE

In an oblique projection a circle drawn on
the surface parallel to the plane of projection
will project as a circle. A circle on any other
surface will project as an ellipse on conjugate
axes, each axis being parallel to a leg of the
oblique axis.

In the upper past of figure 5-61 there is a
two-view rnultiview projection of a block with
a circle drawn on its upper face. Below there is .
an oblique projection in which the circle appears
as an ellipse. Each of the conjugate diameters
of the ellipse is equal to the diameter of the
c ircle .

Here again, you can draw an approximate
ellipse with a compass, as shown in figure 5-62.

45.281
Figure 5-56. Position of isometric axis varies with various views of ctject.
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45.282
Figure 5-57. Diagonal hatching in isometric.
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TOP AND LEFT
SIDE DETAILS

BOTTOM AND RIGHT TILTED POSITION
SIDE DETAILS

BOTTOM AND LEFT

SIDE DETAILS
ANOTHER TILTED

POSITION

a

A

t--

45.285
Figure 5-59.LOblique projection of irregular

line.

45.286
Figure 5-60. Transferring an angle in oblique.

First draw your oblique axes lightly; then draw
the circumscribing parallelogram ABCD, whose
sides are equal to the diameter of the circle.
These sides are drawn on the horizontal plane
of the receding axis in this particular example.
From the midpoints of each side, draw lines EF

45.716 and GH. F,F is parallel to BC, and GH is parallel
Figure 5-58. Varying positions of the oblique to AB. Then draw perpendiculars.from the mid-

axis to show desired details, points of lines CD at F, and line AD at H, with
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TOP VIEW

FRONT VIEw

45.287
Figure 5-61. Oblique projection of a circle on

a receding surface.

45.288
Figure 6-62. Method of drawing approximate

ellipse for oblique projection of a circle on a
receding surface.

the perpendiculars intersecting at X. The per-
pendiculars from the remaining sides intersect
at X'. As you can see in figure 5-62, these per-
pendicular bisectors also intersect at points
Y and V. Now with a compass and using these
intersection points as centers, draw the corre-
sponding arcs of the ellipse.

The method (called the four-center method)
is basically the same as that shown in figure
5-54. It happens, however, that in an isometric
projection the perpendicular bisectors from the
sides intersect at corners of the circumscribing
parallelogram. In an oblique projection this is
not usually the case.

The situation with regard to circles is a little
different in a cabinet projection, in which dis-:
tances along the receding axis are reduced by
half. In the upper part of figure 5-63 there is
a two-view multiview projection of a block with
a circle on the right 'side. Below there is an
oblique projection in which the circle appears
as an ellipse on conjugate axes. The axis which
parallels a leg of the front axis has the same
'length as the diameter of the circle. The one
which parallels the receding axis, however, has
a length equal to only one-half the diameter of
the circle when it is in a cabinet projection.

You must draw this ellipse by the method de-
/scribed in the previous chapter for drawing an
ellipse on conjugate diameters. The four-center

FRONT VIEW RIGHT SIDE VIEW

45.289
iigure 5-63. Circle un receding suriaue shown

in cabinet projection.
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CHAPTER 13

HORIZONTAL CONTROL

A system of control points must be established
in order to definitely locate various points or
details on the surface of the earth. Details must
be- located relative to some type of control
system, either local or universal. In this way,
the position of the detail will be established
with some degree of permanency. Relative posi-
tions of detail points can be determined within
a lobal control system, or if the control system
is tied into geodetic control, the positions Of
all detail points are known with respect to a
world wide system. The control starts with a
triangulation network supplemented- by traverse
and forms the MAIN CONTROL SYSTEM. Sta-
tions of the main control scheme should be
located close to the points to be tied in, to
reduce auxiliary or supplementary control re-
quired. Supplementary control usually consists
of one or more short trperses which are run
close to or across a project area. Supplementary
stations should be close together to afford easy
tie-ins for the project. These stations should
be established to the degree of accuracy required
by the purpose of the survey.

A traverse which has been established and
is used to locate detail points and objects is
often spoken of as a CONTROL TRAVERSE. Any
line from which points and objects are located
is a CONTROL LINE. A survey is controlled
horizontally iky measuring horizontal distances
and horizontal \angles. This is often referred
to as HORIZONTAL CONTRO).4.-

If a main control systgm must be run in

first, it should be of accuracy to permit the
supplementary survey furnish the proper
accuracy. For example, third order accuracy
is required for the detail, and supplementary
control must be run for quite a distance, the
main system-must-be-of- higher accuracy to main-
tain third order through the supplementary con-
trol. If the main system just meets third order
requirements, any length of supplementary con-
trol will drop the accuracy below the limits and
make it useless.

Q39

This chapter will discuss the operation of
direction instruments such as the compass and
the transit, various methods in determining the
exact locations of detail. points and objects, and
describe various techniques employed by sur-
veyors to bypass obstacles encountered during
fieldwork.

DIRECTIONS AND DISTANCES

There are various ways of describing the
horizontal location of a point, as was explained
in chapter 8. In the last analysis, they are all
reducible to the basic method of description,
which is by stating the length and direction of
a straight line between the point *hose location
is being described and a reference Point.

Direction, like horizontal location itself, is
also relativethat is, the direction of a line
can only be stated relative to a "reference
line" of known (or sometimes-of assumed)direc-
tion. In true geographical direction the reference
line is, the meridian passing through the point
where the observer is located, and the direction
of a line passing through that point is described
in terms of the horizontal angle between that line
and the meridian. Iri magnetic geographical direc-
tion the reference line is the mapetic, rather
than the true, meridian.

REFERENCE POINTS

The horizontal location of a point can only be
stated in terms of the relative position of the
point with reference to another point of known
location. To say that the location of the, other
point is "known" means only that its relative
position with regard to still another point of
"known" location has been determined: Eventu-
ally the system of reference heads up in a point
whose location is simply incapable .of being
described, because of the absence of any further,
reference points. In the geographical system of
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location by latitude and longitude, for instance,
the ultimate reference point is a point where
a meridian passing through the town of Green-
wich, England, intersects the earth's equator.
The location of the Equator can be stated with
reference to the earth's geographical poles; but
the location of Greenwich, England, can only
be stated as the location of Greenwich, England.

CONVERTING DIRECTIONS

The direction of a traverse line is commonly
given by bearing. In field traversing, however,
it is more convenient to turn deflection angles
with a transit than it is to orient each traverse
line to a meridian. The procedure for converting
bearings to deflection angles is as follows.

Converting Bearings to Deflection
Angles

The conversion procedure is based on the
well-known geometrical proposition illustrated
in fiLare 13-1. This figure shows two parallel
lines which are intersected by another line
(called a "traverse"). It can be proved geo-
metrically that the angles A and Ai, B and 811
A2 and A3 , and B2 and 83 are equal (vertically
opposite angles). It can likewise be shown that
angles A = A2 B = B2 (corresponding angles).
So, angles A.= A1 = A2 = A3 and B = Bi =
82 = B3 . It can also be shown that the sum of

Al

81
A

82

A2

A3

83

45.764
Yigure 13-1. Parallel lines (meridians) cut by a

traverse.

the angles which together form a straight line is
1800, and the sum of all the angles around the
point is 360°.

Figure 13-2 shows a traverse containing
traverse lines A13, BC, and CD. The meridians
through the traverse stations are indicated by
the lines NS, N'S', and N"S". Although Meridians
are not, in fact, exactly parallel, they are
assumed to be so for conversion purposes. Con-
sequently, we have here three parallel lines
intersected by traverses, and the angles created
will therefore be equal as illustrated in figure
13-1.

The bearing of AB is given as N 20° E, which
means that angle NAB measures 20°. To deter-
mine the deflection angle between AB and BC
you would proceed as follows. If angle NAB
measures 20°, it follows that angle N'BB' must
likewise measure 20°, because the two corre-
sponding angles are equal. Now, the bearing of

'BC is given as S 50° E,,whch means that angle
S'BC measures 50°. The sum of angle N'1313'
plus S'BC plus the deflection angle between AB
and BC (angle B'BC) is 180°. Therefore, the size
of the deflection angle is 180° - (N'1313' + S'BC),
or 180° - (50° + 20°), or 110°. The figure indi-
cates that the angle should be turned to the
right; therefore, the complete deflection angle
description is 110°R.

The bearing of CD is given as N 70° E;
therefore, angle N"CD measures 70°. Angle
S"CC' is equal to angle S'13C,, and therefore

45.765
Figure13-2. Converting bearings to deflection

angles.

4q



Chapter 13 HORIZONTAL CONTROL

measures 50°. The deflection angle between BC
and CD equals 1800 (S"CC + N"CD), or
180° - (50° + 700), or 60°. The figure indicates
that the angle should be turned to the left.

Converting Deflection Angles
to Bearings

Converting deflection angles to bearings is
simply the same procedure applied for adifferent
end result. Suppose that in figure 13-2 you know
the deflection angles and want to determine the
corresponding bearings. To do this you must
know the bearing of at least one-of the traverse
lines. Let 2s assume that you know the bearing
of AB and want to determine the bearing of BC.
You know the size of the deflection angle B'BC
is 1100. The size of angle N'BB' is the same as
the size of NAB, which is 20°, The size of the
angle of bearing of BC equals 180° - (B'BC + NAB),
Or 180° - (110° + 20°), or 50°. The figure shows
you that BC lies in the second or SE quadrant;
therefore, the full description of the bearing is
S 50° E.

Converting Bearings to
Interior/Exterior Angles

Converting a bearing to an interior or ex-
terior angle is, once again, the same procedure
applied for a different end result. Suppose that
in figure 13-2 angle ABC is an interior angle
and you want to determine the size. You know
that angle ABS' equals angle NAB, and therefore
measures 20°. You know from the bearing of
BC that angle S'BC measures 50°. The interior_
angle ABC equals ABS' + S'BC, or 20° + 50°,
or 70°.

The sum of the interior and exterior angles
at any traverse station equals the sum of all
the angles around a point, or 360°; this term
is sometimes referred to as CLOSING THE
HORIZON. Therefore, the exterior angle at sta-
tion B equals 360° minus the interior angle, or
360° - 70°, or 290°.

Converting Azimuths to Bearings
or Vice Versa

Suppose you want to convert an azimuth of
135° to the corresponding bearing. This azimuth
is greater than 90°, but less than 180°; therefore,
the line lies in the SE quadrant. As shown in
the figure 13-3, the bearing angles are always

c="9/

BEARINGS

45.766
Figure 13-3. Converting of azimuths to bear-

ings, or vice versa.

measured from the north and south end of the
reference meridian. (When solving any bearing
problem, draw a sketch to get a clear picture.)
As for the azimuth, the horizontal direction is
reckoned clockwise from the meridian plane.
It is measured between either the north end or
the south end of the reference meridian and
the line in question. When we talk about azimuth

\ in this training manual, +however it must be
underStood that it is referenced clockwise from
the NORTH point of the meridian. The numerical
value of this 135° azimuth angle is measured
from N. The value of the bearing in this case,
then, is 180° - 135°, or 45°. The complete de-
scription of the bearing, then, is S 450 E.

For example, if you want to convert a bearing
of N 30° NV into an azimuth angle, you know
that the angle location must be in the NW
quadrant. Then, draw an angle of 30° from the
north end of the reference meridian. Since we
measure azimuth angles clockwise from the
north end of the reference meridian. In this
case, we subtract 30° from 360°, then we have
330°. Therefore, the bearing of N 30° W is equal
to 330° azimuth angle.
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DIRECTION BY MAGNETIC
COMPASS

Figure 13-4 shows a magnetic compass gradu-
ated in quadrants for taking bearings. Note that
on 'a compass of this type the E and W indica-
tions are in the opposite positions from those
of. tile E and W Indications on a map or chart.

The observer is determining the magnetic
bearing of the dotted line labelled "line of
sight". He first mounted the compass on a
steady support, leveled it, and waited for the
needle to stop oscillating. He then carefully
rotated the compass until the North-South line
on the card lay exactly along the line whose
bearing he was seeking.

The bearing is now indicated by the needle
point. The needle point indicates a numerical
value of 40°. The card indicates the NE quadrant.
The magnetic bearing is therefore N 40° E.

Correcting for Local
A ttrac ti on

Figure 13-4 represents the compass needle
as lying along the "magnetic meridian". This
in turn mears either that the compass is in an
area free oi local attraction, or that the effect
of local attraction has been eliminated by ad-
justing the compass card as described later.
Local attraction means the deflection of the
compass needle by a local magnetic force (such
as that created by nearby electrical equipment

45.23X
2(gure 13-4.A magnetic compass graduated

for bearing observations.

or by a mass of metal such as a bulldozer).
When local attraction exists and is not com-
pensated for, the bearing you get is a "com-
pass" bearing. A compass bearing does not
become a "magnetic" bearing until it has been
corrected for local attraction. Suppose, for ex-
ample, that you read a compass bearing of N
370 E. Suppose that the effect of the magnetic
attraction, of a nearby (say) pole transformer
is such as to deflect the compass needle 40 to
the W of the magnetic meridian. This meals
that, in the absence of this local attraction, the
compass would read, not N 37° E, but N 41° E.
The correct magnetic bearing, then, is N 41° E.

To correct a compass bearing for local
attraction, the first thing you must do is deter-
mine the amount and direction (E or W) of the
local attraction. First set up the compass where
you propose to take the bearing. Then select
a distant object which may be presumed to be
outside the range of any local attraction. Take
the bearing of this object. Suppose you read a
bearing of S 60° W.

Now shift the compass to the immediate
vicinity of the object you sighted on, and take
the bearing from there of the original setup
point. In the absence of any local attraction at
the original setup point, you would read the back
bearing of the original bearing, or N 60° E.
Suppose instead that you read N 48° E. The back
bearing of this is S 48° W. Therefore, the
bearing as indicated by the compass under local
attraction is S 600 W, but as indicated by the
compass not under attraction it is S 48° W. The
amount and direction- of local attraction are
therefore 12° W.

The question of whether you add the local
attraction to, or subtract it from, the compass
bearing to get the magnetic bearing depends on
(1) the direction of the local attraction, and
(2) the quadrant the bearing is in. As we've
seen, for a bearing in the NE quadrant you add
a westerly attraction to the compass bearing
to get the magnetic bearing. It follows that in
this quadrant you would subtract an easterly
attraction from, pie compass bearing to get the
magnetic beariiV

But consider now the compass shown in
figure 13-5. This compass indicates a bearing
of S 40° W. Suppose the local attraction is 12° W.
The needle, then, is 12° west of where it would
be without local attraction. You can see that in
this quadrant you would subtrict westerly attrac-
tion, from which it follows that you would add
easterly attraction.
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45.665
Figure 13-5. --Bearing by magnetic compass.

If you study figures 13-4 and 13-5 further,
you will see that the situation with regard to
adding or subtracting corrections is the opposite
in diagonally opposite quadrantsthat is: in
the NE quadrant you subtract easterly and add
westerly attraction; but in the SW quadrant you
add easterly and subtract westerly. Similarly,
in the NW quadrant you 'add esterly and sub-
tract westerly attraction; but in the SE quadrant
you subtract easterly and add westerly.

Magnetic Declination ancL Dip

The angle between the true meridian and the
magnetic meridian is called MAGNETIC DE-
CLINATION. Supposing the north end of the
compass needle is panting to the east of the
true meridian, the declination is said tb be
east. If the declination of the north end of the 45.767compass needle is pointing to the we of the Figure 13-6. Magnetic declination (west).

true meridian, the declination is said to be
west (see figure 13-6).

The magnetic needle aligns itself with the
earth's magnetic field and points toward the
earth's magnetic pole. In horizontal projections
these lines are inclined downward toward the
north in the Northern Hemisphere, and down-
ward toward the south in the Southern Hemis-
phere. Since the bar takes the position parallel
with the lines of force, it becomes inólined
with the horizontal. This phenomenon is called
the MAGNETIC DIP.

Converting Magnetic Bearings
to True Bearings

When you have corrected a compass bearing
for local attraction, you have a magnetic bearing.
As explained previously, in most areas of the
earth a magnetic bearing differs from a true
bearing by the amount of the local magnetic
"declination" (called magnetic "variation" by
navigators). The amount aud direction of local
declination are given on maps or charts of the
area. Such a map or chart will usually state
something like this: "Magnetic declination 26°
45' W (1950), tumual increase 111." This means

DECLINATION
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that if you are working in 1966 (16 years later),

the local declination is 26° 45' + (11' x 16), or

26° 45' + 176', or 26° 45' + 2° 56', or 29° 41'.

To convert a magnetic bearing to a true
bearing, you apply Me declination to the magnetic
bearing in precisely the same way that you
apply local attraction to a compass bearing.

When you have a compasS bearing and you
know both the ,, local attraction and the local
declination, you can go from cOmpass bearing
to true bearing in a single process by applying

the "algebraic sum" of local attraction and
local declination. Suppose, for example, that

local attraction was 6' W and declination 15° E.

You could correct for local attraction and convert

from magnetic to true in the same operation,
by applying a correction of 9° E to the compass

bearing.

Uncorrecting_and Unconverting

You "correct" a compass bearing to a mag-

netic bearing by applying the local attraction,
and you "convert" a magnetic bearing to a true

bearing by applying the local declination.
Now, it could be the case that you might be

given a magnetic bearing, and you might have

to figure the corresponding compass bearing;

or you might be given a true bearing, and you
might have to figure the corresponding compass
bearing on the basis of both local attraction

and local declination.
The terms used to describe these procedures

are, for the want of any better expressions,
ffuncorrecting" and "unconverting". All you need

to remember is that when you are uncorrecting/
unconverting you apply local attriotion and local
declination in the REVERSE of the directions

in which you would apply them if you were
correcting/converting.

Suppose, for example, that with a compass
affected by a 10° W local attraction,- xou want

to lay off a line bearing S 28° W magnetic by

compass. If you were correcting, you would
subtract a westerly attraction in theSW quadrant.

However, for uncorrecting you ADD a westerly

attraction in that quadrant. Therefore, to lay

off a line bearing S 28° W, you would lay off

S 38° W by the compass.
The same rule applies to azimuths. Suppose

you have an azimuth-reading (measured from

N) compass set up where local attraction is

10° W and declination is 25° E, and you want to

lay off a line with true azimuth 256°. The
algebraic sum of these is 15° E. For correcting/

converting azimuths you ADD easterly and SUB-

TRACT westerly corrections; therefore, if you

were correcting/converting you would add the

15° to 256°. Because you are uncorrecting/
unconverting, however, you subtract; and to lay

off a line with true azimuth 256° you read 241°

by the compass.

Orienting a Compass

Some transit compasses, and practically all

surveyor's and forester's "field" compasses

are equipped for offsetting local attraction, local
declination, or the algebraic sum of the two,

by rotating the compass card as shown in figure

13-7. The upper view shows a compass bearing

of N 40° W on a compass presumed to be affected

by a local attraction of 10° W. In this quadrant

you subtract westerly attraction; therefore, the

magnetic bearing is N 30° W.
In the lower view the compass has been

oriented for an error of 10° W, by simply rotat-r

ing the compass card 10° W of its normal
position. On most orienting compasses the card

can, be released for rotating by backing off a

small screw on the face of the card. Note that

you now read the correct magnetic bearing of

N 30° W.

Compass-Tape Survey

Figure 13-8 shows field notes for a compass-
tape survey of a small field. The compass used

was a surveyor's compass. Although the com-

pass was graduated only to the nearest 30', the
instrumentman tried to estimate to the nearest

one-third of the graduation that is, to the

nearest 10'perhaps not a very realistic pro-
posal. Local declination of 11° 32' W was "set
off" by orienting the compass as previously

described. Local attraction was either non-
existent, small enough to be ignored, or deter-
mined and also set off.

The compass was first set up at station A,

shown in the sketch drawn on the "remarks"
page. The first bearing taken was that of the line

AE. This was actually the back bearing of EA,

taken for the purpose of later checking against

the forward bearing of EA.
Next the bearing of AB was taken, and the

distance from A to B was chained. The bearing

(5 62° 20' E) was entered beside B in the column

headed "observed bearing". The chained dis-

tance-was entered beside B in the column headed

"distance".
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45.667
Figure 13-7. Orienting compass for 100

westerly correction.

The compass was shifted to station B, and
the back bearing of AB (that is, the bearing of
BA) was taken, as a check on the previously
taken bearing of AB. The back bearing turned
out to-have, as it should have, the same numer-
ical value (62° 201) as the forward bearing.
A difference in the two would indicate either an
inaccuracy in reading one bearing or the other,
or a difference in the strength of local attrac-
tion.

Proceeding in this fashion, the party took
bearings and back bearings, and chained dis-
tances, all the way around to the starting point
at station A. The last forward bearing taken,
that of EA, has the same numerical value as
the back bearing of EA (bearing of AE) taken
at the start.

Checking Accuracy of Observed
Bearings

As a check on the accuracy of the whole
bearing-reading procedu.v, the size of the in-
terior angle at each station was computed from
the observed bearings, by the procedure pre-
viously described for converting bearings to
interior angles. The sizes of these angles were
entered in the column headed "computed in-
terior angle", and the sum was entered below.

The sum of the interior angles in a closed
traverse should equal the product of 180° (n - 2),
n being the number of traverse lines in the tra-
verse. In this case the traverse has 5 lines;
therefore, the sum of the interior angles should
equal the product of 180° (5 - 2), or 180° x 3, or
540°. The computed sum is therefore the same
as the added sum of the angles co:werted from
observed bearings.

Compass Errors

If a magnetic compass has a bent needle,
there will be a constant instrumental error. in all
observed bearings/azimuths. To check for this
condition, set up and level the compass, wait
for the needle to cease oscillating, and read the
graduation indicated at each end of the needle.
If the compass is graduated for bearings, the
numerical value at each end of the needle should
be the same. If the compass is graduated for
azimuths, the readings should be 180° apart.

Similarly, if the pivot supporting the needle
on a magnetic compass is bent, there will be an
instrumental error in the compass. However,
this error, instead of being the same for any
reading, will be variable.
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Figure 13-8. Field Notes for compass-tape survey.

You caa eliminate either of these instru-
mental errors by rsading both ends of the needle
and using the average between them. Suppose,
for example, that with a compass graduated for
bearings you read a bearing of N 450 E and a
back bearing of S 440 W. You would use the
average, or 1/2(45° + 44°), or N 440 30' E.

The error in the compass should, of course,
be corrected as soon as possible. Normally this
is a job for an expert. With regard to the cause
of a discrepancy in the reading at both ends,
when such a discrepancy exists, it is more
probable that the needle is bent than it is that
the pivot is bent. If, after a needle discovered
to be bent has been straightened, a.discrepancy
still exists, then it is probable that the pivot is
bent as well.

If a compass needle is sluggishthat is, if it
moves unusually slowly in seeking magnetic N
it will probably come to rest a little off the
magnetic meridian. The most common cause of
sluggishness is weakening of the magnetism of
the needle. A needle may be remagnetized by
drawing it over a bar magnet. The needle should
be drawn from the center of the bar magnet
toward the end, with the S end of the needle
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drawn over. the N end of the magnet and vice-
versa. On each return stroke the needle should
be lifted well clear of the magnet.

Sometimes the cause of a sluggish needle is
bluntness of the point of the pivot. This may be
corrected by sharpening the pivot with a very
fine file.

If the compass is not level when a bearing/
a.zirnuth is read, the reading will be in error.
A similar error will exist if the compass is
equipped with sighting vanes and the vanes, or
one of them, is bent. To check for this last
condition, set up and level the compass and
sight with the vanes on plumb bob cord.

The most common rsonal error in corn:.
pass work is misreadi caused by the fact that
the observer's vre at/the time of reading is not
vertically above *the n,edle point. Common mis-
takes are reading a needle at the wrong end and
setting off local attraction and/or declination
in the wrong direction when orienting a compass.

DIRECTION BY TRANSIT

In determining direction by transit you again
measure the size of the horizontal angle between
the line whose direction is sought and a refer-
ence line. With a transit, however, you are able
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to do this with considerably more accuracy and
precision. Before proceeding to discuss tha
actual measurement of directions with a transit
however, it is best that you know the proper
procedure in setting up the transit.

Settg Up the Transit

'Iae point at which .the Ine of sight, the
horizontal axis, and the vertical axis of a transit
meet is called the instrument center. A point
on the ground over which the center of the
instrument is placed is the INSTRUMENT POINT,
TRANSIT POINT, or STATION. The transit point
or station usually is marked with a tack in a
stake. Then the transit must be set over this
definite point. Do not select a place for the
transit station where the transit may be jarred
or displaced. Avoid stations on loose planking,
soft or marshy ground, or other places where
the legs of the tripod may be moved easily.

When you \are ready to use the transit, center
the instrument as closely as possible over a
definite point. For the purpose of centering the
instrument over a point, a plumbline is suspended
from a hook and chain beneath the instrument.
The plumb string is tied with a slip knot, or
some other device is used, so that the height
of the plumb can be adjusted. Move the tripod
legs as necessary until the plumb bob is about
1/4 in. of being over the tack, and making sure
that the foot plate is nearly level. The tripod
legs are spread and sufficient pressure is then
applied to the legs, to ensure firmness in the
ground and at the same time observing that the
plumb bob did not move farther from the tack
or center point mark. It is preferable to have
a pair of opposite leveling screws in line with
the approximate line of sight. Now, turn the
plates so that each plate level is parallel to
a pair of opposite leveling screws. The leveling
screws are tightened in such a way that they
are firm, but not tight. Rotate opposite pairs
of leveling screws either toward each other or
away from each other until the plate bubbles
are centered.

If the plumb bob is not exactly over the point,
loosen two adjacent leveling screws enough to
free the shifting plate. Now slide the instrument
head until the plumb bob' is directly over the
center of the tack.

If the plate bubbles are now somewhat off
center, re-level the instrument. Then check
the plumb bob position again, if the wind is
blowing, stand on the windward side to shield
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the plumb line and bob from the breeze. Some-
times in very windy locations it may be helpful
to construct a wind shield.

You must remember the following points in
the operation of a transit:

1. The plate bubble follows the direction of
the left thumb when manipulating the leveling
screws.

2. Always check to see if the plumb bob is
still over the point after leveling. If the plumb
bob has shifted, re-center the instrument.

3. When you loosen two adjacent leveling
screws, you can shift the transit head laterally.

4. Always maintain contact between the level-
ing screw shoes and the foot plate.

5. Test the telescope for parallax before
observations are begun.

6. Do not disturb the setup of the instrument
until you are certain that all observations at
that poilit are completed and roughly checked.
Instrument can be moved from that setup only
after checking with the party chief.

7. Before the transit is moved or taken up,
center the instrument on the foot plate, equalize
roughly the height of the leveling screws, clamp
the upper motion (the lower motion may be
clamped lightly), and point the telescope vertically
upward and also clamp lightly.

The setting and leveling of the transit ex-
peditiously requires on your part a skill that
is only attained through constant practice. During
your apprentices1Q, when you don't have the
Opportunity of oper ting the instruments during
fi work, you can ractice setting and leveling
the instruments cluring break periods. Your
senior EA however, has the responsibility of
seeing to it that a certain period during the
week be set aside for training in order to in-
crease your skill in handling surveying instru-
ments. If this is not feasible due to work pres-
sure, then take advantage of any opportunity that
you can to operate the instruments. Perhaps
you can be the instrumentman on surveys that
do not require a high degree of accuracy.

Measuring Horizontal Angles

The transit contains a graduated horizontal
circle called the "horizontal limb". The hori-
zontal limb may be graduated clockwise from
0° through 3600 as shown in figure 13-9(A);
or clockwise from 00 through 3600 and also in
quadrants, as shown in figure 13-9(B); or both
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A Horizontal limb,
numbered 0-380.

B Horizontal limb,
numbered 0-380. and in quadrants.

C Horizontal limb,
numbered 0-360 and 360.O. ,

45.29

Figure 13-9. Three ways of graduating horizontal limbs.

clockwise and counterclockwise from 0° through
3800 as shown in figure 13-9(C).

The horizontal limb can be clamped to stay
fast when the telescope is rotated (called "clamp-
ing the lower motion"), or it can be released
for rotating by hand (called "releasing the lower

motion").
The horizontal limb is paired with another

nircle called the "vernier plate", which is
graduated only partially on either side of zero
graduations located 180° apart on the plate.
When the telescope is in normal (up-right)
position, "A-vernier" is located verc:.ally below

the eyepiece and the "B-vernier" below the
objective end of the telescope. The zero on
each vernier is the indicator for reading on
the horizontal limb the sizes of horizontal angles

turned.

Figures 13-10 and 13-11 illustrate the method

of "turning" an angle of 30° from a reference
line with a transit. First, of course, you must

plumb the instrument over the apex of the angle
and carefully level it. Then bring one of the
horizontal verniers near zero by hand; clamp

the upper motion; and, by turning the upper
tangent-screw, set one vernier at 0° usually
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45.668Figure 13-10.Setting the vernier at zero-zero.

you start with the A-vernier (see fig. 13-10).Sight the telescope approximately to the marker(range pole, chaining pin, and the like) held onthe reference line; clamp the lower motion; arid,by using the lower tangent-screw, set the lineof sight exactly on the marker.

The upper motion is then released, and thetelescope is rotated to bring the zero on theA-vernier in line with the 30° graduation on thehorizontal limb, as shown in figure 13-11. Toset the vernier exactly at 30°, again use theupper tangent-screw. Ilse a magnifying glassto set the vernier easily and accurately. Thenmark the second point accordingly. You usethe same procedure in measuring a horizontalangle except that instead of setting the angle,obviously, you sight on the existing points and
take the angle reading after the two sightings.The vernier that was initially set at 0° givesthe value of the angle (see chapter 9).

435

45.669Figure 13-11.Setting an angle exactly on the
vernier zero.

The following suggestions may help whehapplied to horizontal angle measurement.

1. Make the centering of the line of sightas close as possible by hand so that you willnot turn the tangent-screw through more thanone or two revolutions. Make the last turn ofthe tangent-screw clockwise in order to com-press the opposing springs.
2. Read the vernier with the eye directly overthe top'of the coinciding graduations to eliminatethe effects of parallax.
3. As a check, take the reading of the othervernier. The readings should be 180° apart.4. Check the plate bubbles before measuring

an angle if they are centered, but do not disturbthe leveling screws between the initial and finalsettings of the line of sight. If measuring angle
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by repetition, the plate may be releveled after
each reading, that is, before sighting again on
the starting point.

5. When sighting at a range pole, the bottom
of which is not visible, make sure that the flag-
man is holding it truly vertical, or let him use
a plumb bob instead.

6. Avoid accidental movement of the hori-
zontal circle, i.e., moving the wrong clamp or
tangent-screw. If a number of angles will be
observed from one setup without moving the
horizontal circle, sight at some clearly defined
distant object that will serve as a reference
mark and take note of the angle. Occasionally,
check this reading to this point during measure-
ment to see if there is any accidental movement.

Transit Field Notes
for Horizontal Angles

Figure 13-12 shows field notes for deflection
angles, magnetic bearings, and distances for the
closed traverse shown in the sketch. The transit
was first set up at station A, and the magnetic
bearing of AH was read on the compass. Then

the deflection angle between the ,extension of
EA and AB was turned, probably about as follows:
The transitman released both clamps. He matched

4=ffillaN=INIMIO

the vernier to zero by hand; tightened the upper
motion clamp and set the zero exactly by using
the upper tangent-screw. Then he plunged the
telescope (inverted position) and trained the
telescope by hand on a range pole held on station
E. He then tightened the lower motion clamp and
brought the vertical crosshair to exact align-
ment with the range pole by manipulating the
lower motion tangent-screw.

With both clamps tightened, he replunged
the telescope, which was then trained on the
extension of EA. (Notice that the telescope is
now in its normal position at this juncture.)

The transitman then released the upper motion
and rotated the telescope to the right until the
vertical crosshair came into line with a range
pole held on station B. He set the upper motion
clamp screw, and brought the vertical crosshair
into exact alignment with the range pole by

manipulating the upper motion tangent screw.
He then read the size of the deflection angle
(89° 01') on the A-vernier. Because the angle
was turned to the right, he recorded "89° 01' R"
in the column headed "deflection angle". The
distance from A to B (550.55 ft) was chained
and recorded in the column headed "distance".

The same procedure was carried out at each
traverse station in a clockwise direction around
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Figure 13-12. Field notes for deflection-angle transit-tape survey.
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the traverse to station E. Note the algebraic
sum of the measured deflection angle (angles
to the right considered as plus, to the left as
minus), which is 3590 59'. For a closed traverse
the algebraic sum of the deflection angles, from
the standpoint of pure geometry, is 3600 00'.
Therefore there is an "angular error of clo-
sure" here of 00 01'. This small error would
probably be considered normal error. A large
error would indicate a mistake made somewhere
along the line.

Closing the Horizon

In the preceding example the general accuracyof all the angular measurements was checked
by comparing the sum of the defledtion angles
with the theoretical sum. The accuracy of a
single angular measurement can be checked by
the procedure called "closing the horizon".
The method is based on the fact that the theoreti-
cal sum of all the angles around a point is
360° 00'.

The field notes shown in figure 13-13 illus-
trate the procedure for closing the horizon.
The transit was set up at station A and the

angle BAC was turned, measuring 510 15'. Then
the angle from AC clockwise around to AB
was turned, measuring 308° 45'. The sum of
the two angles was 360° 00'. The angular error
of closure was therefore 00 00'meaning that
"perfect closure" was obtained.

Measuring Vertical Angles

Vertial circle and the vertical vernier of
a. tradsit were discussed' in chapter 9 of this
training manual. They-are used for measuring
vertical angles.

A vertical angle is the angle measured verti-
cally up or down from a horizontal plane of
reference. See view A of figure 13-14. When
the telescope is pointed in the horizontal plane
(level), the value of the vertical angle is zero.
When the telescope is pointed up at a higher
feature (elevated), the vertical angle increases
from zero and is called a PLUS VERTICAL
ANGLE or ANGLE OF ELEVATION. Thesevalues
increase from 00 to +90° when the telescope
is pointed straight up.

As the telescope is depressed (pointed down),
the angle also increases in numerical value.

CV, /NG OR/ /1/ A UNO STA. A Jones,"4, EA 01,Aervi
6 Joss 9 ,ther,Wnw

Palm' 1Plailie .4 hi MIMI a NE a
-

111111111111111M1544n
4

IIIMESENZEI1

Raw

0000'

11111 II 11. MaMillia aill
1111.111. IN SRNIRPIIIIIEIIIIII

1111111111111MMIIIIMMIIIIMINc 100 MEM . Inn II Mes pastrs:MO UURIRRIV4IIRU
11111111 wawanommin

Sum 60'00 IR IIIMN RIM BR
MIil
II

law* OOTO INIIIIIIMMI Im is ow ism
111 MI RUN EMS

RI

11111111.111111M in MIIIMIE11
IUIUIUURIUUINMI
MEM.i MUMMERS

1111111alla
INIU11111111

1111111.111E

45.7.8
Figure 13-13. Closing the horizon.
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45.768
Figure 13-14.Vertical angles and zenith distances.

A depressed telescope reading showing that it
is below the horizontal plan \ is called a MINUS
VERTICAL ANGLE or ANGLE OF DEPRESSION.
These numerical values inere se from 0° to
-90° when the telescope is pointed straight down.

As in measuring horizontal angles, the transit
must be set up on a definite point and,leveled.
The plate bubbles must be centered carefully
especially for transits that have fixed vertical
vernier. The line of sight is brought approxi-
mately at the point, the horizontal axis is
clamped, and then the horizontal crosshair is
brought exactly at the point by means of the
telescope tangent screw. The angle is read on
the vertical limb by means of the vertical
vernier.

On a transit with a movable vertical vernier,
its vernier is equipped with a control level.
The telescope is centered on the point as de-
scribed above, but the vernier bubble is centered
before the angle is read.

You will also measure vertical angles in
"igonometric leveling, in astronomical observa-
t4ons, and the like. Trigonometric leveling will
be discussed in the next chapter. In astronomical
cbservations, you will Meet the term ZENITH
i.):STANCE. It is used in solving astronomic

triangles (see EA 1 & C) and a zenith distance
is a vertical angle.

Zenith Distance

The tENITH is an imaginary point overhead
where an extension of the plumb line will inter-
sect an assumed sphere on which the stars
appear projected. The equivalent point which
is directly below the zenith is called the NADIR.
Use o the zenith permits reading angles in a
vertic plane without using a plus qr minus.
TMødolltes (chapter 9) have a vertical scale
rd'ading zero when the telescope is pointed at

/the zenith, instead of in a horizontal plane.
( With the telescope in a direct position and pointed

straight up, the reading is 0°; on a horizontal
zline, the reading is 90°; and straight down, 180°.
Vertical angle measurements with the theodolites
(view B, figure 13-14), read angle of elevation
as values less than 900, and angle of depression
as greater than 90°. These angle measurements
with the zenith as the zero value are called the
ZENITH INSTANCES. DOUBLE ZENITH MS-
TANCES are observations made with the telescope
direct and, reversed to climulate cri ors due to
the in'clination of the vertical axis and the
b011imation of the vertical circle.
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Measuring Angles
by Repetition

You may recall from a previous discussion
of the distinction between "precision" and "ac-curacy". A transit Oh which angles can bemeasured to the nearest 20 seconds is more
precisethan one on which they can be measured
only to the nearest 1 minute, although it is not
necessarily More accurate.

The inherent angular precision of a transit
can be increased by the procedure called "re-petition". To -illustrate the principle of this
procedure, suppose- that with a 1 minute transityou turn the angle between two lines in thefield and read 45° 00'. The inherent error inthe transit is II; therefore, the true size ofthis angle is somewhere between 44° 59' 30"and 45° 00' 30":

Suppose, now, that you "repeat" this angle
as follows. You leave the upper motion locked,but release the lower motion. The horizontal
limb will now rotate with the telescope, holding
the reading of 45° 00'. You plunge the telesdopé,
train again on the initial line of the angle, and
again turn the angle. You have now "doubled"the angle, and you should read approximately
90° 00' on the A-vernier.

Now, for this second reading the inherenterror in the transit is still 1 minute, but the
angle indillated on the A-vernier is about twice
the size of the actual angle measured. Theeffect of this is to halve the total possible
error. This error was originally plus or minus
30 seconds. It is now plus or minus only 15seconds.

If you measure this angle a total of (say)
6 times, the total possible error will be reduced
to one-sixth of 30 seconds, or plus or minus
5 seconds. In theory you could go on repeating
the angle and increasing the precision in-definitely. In practice, however, because of lost
motion in the instrument and accidental errors,
nothing is gained by repeats in excess of 6 or 8.

The observation may be taken alternately
with the telescope plunged prior to each sub-
sequent observation, but it is much simpler if
you take the first half of the observations withthe telescope in the normal position, ,and theother half in inverted position. In the example
given above, the first three readings may be
taken when the telescope is in its norMal posi-
tion and the last three in the reversed position.-
To avoid the effect of tripod twist, after each
repetition the instrument should be 'rotated onits lower mrion in the same direction that it

was turned during the measurement; that is,the direction of movement should be either
always clockwise or always counterclockwise.

Measuring angle by repetition eliminates cer-tain possible instrumental errors, such as thosedue to eceentricity and those caused by non-adjustment of the horizontal axis.
Figure 13-15 shows field notes for 6-time

angles around a station. The angle BAC was
measured 6 times, and the angle closing the
horizon around station A was likewise meas-ured 6 times. Grammatically speaking, of course,the first measurement is not a "repeat", butit is counted as such in the column headed"number of repetitions".

With the transit first trained on B and the
zeros matched, the plate reading' was 00° 00'.You see this entered beside B in the column
headed "plate reading". For the first or "1-
time" measurement of angle BAC the plate
reading was 82° 45'. After 5 repeats the plate
reading was 136° 28'.

Now, the sum of 6 angles, each measuring
82° 45', comes to 82° 45' x 6, or 496° 30'.
Therefore, the plate reading of 136° 28' actually
indicates a sum of 360° + 136° 28', or 496° 28'.
The mean angle, then, is found by dividing
496° 28' by 6, which comeS to 82° 44' 40". You
see this entered under "mean angle".

The same procedure was followed with the
closing angle, resulting in a mean angle of277° 15' 20". The sum of the mean angle and
mean closing angle is 360° 00'.

In actual practice, perfect angle closure
would be unlikely. It has been assumed in these
examLles, simply- to avoid complicating the dis-cussion.

PROCEDURES IN RUNNING
LINE

It is often necessary to extend a straightline marked by two points on the ground. One
of the methods discussed below may be used
depending on whether there are obstacles inthe line ahead or not, and whether a smtgloy_.
a large obstacle is encountered.

Double Centering

The method used to accomplish the-extension
is known as DOUBLE CENTERING or DOUBLE
REVERSING. Suppose you are prolonging the
line AB shown in figure 13-16. you set up thetransit at B, backsight on A, plunge the tele-
scope so as to sight ahead, and set the marker
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Figure 13-15.Notes for 6-times angles around a point.

A B --C)C0 40 ------
C

----

45.102
Figure 13-16.Double centering.

at C'. Now with. the telescope_still_invezted,
you again sight back on A, but this time by
rotating the telescope through 1800. You then
replunge the telescope and mark the point C".
Mark the point C halfway between C' and C".
This is the required point on the line AB ex-
tended. If the instrument is in perfect adjust-
ment (which is seldom, if ever, the case) points
C' and C" will coincide with point C. For further
extension the instrument is moved to C and the
procedure repeated to obtain D.

Bypassing Small Obstacles

When a tree or other small obstacle is en-
countered in the line of sight between two points,
the solution below should be used. This pro-
cedure is also known as ANGLE OFFSET method.

The transit or theodolite is set up at point
B (fig. 13-17), as far from the obstacle as
practical. Point C is set off the line, near the
obstacle, and where the line BC will clear the
.obstacle. At B, measure the deflection angle a,
Move the instrument to C, and lay off the de-
flection angle 2a. Measure the distand BC,
and lay off the distance CD equal.8C. Move the
-instrument to D, and lay off the deflection angle
a. Mark the point E. Then line DE is the pro-

- longation of the line AB.

Bypassing Large Obstacles

When a line is being run between two fixed
points and a large obstacle, such as a building
is encountered, there are numerous methods that
can be used to extend the line beyond the obstacle.
The commonly used method to solve this problem
is shown in figure 13-18 which is also known as
the PERPENDICULAR OFFSET method. The
solution establishes a line, parallel to the original
line and at a distance to clear the obstruction.
Once this parallel line passes ,the obstruction,
another parallel line is established using the
same distance value in the other direction. This
second parallel line is the extension of the
original line.
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45.103(45B)
Figure 13-17. Bypassing obstacles.

45.104(45B)Figure 13-18. Bypassing a large obstacle.
w's

The instrument is set up at B, figure 13-18,
and' 900 angle turned.from line AB. The distanceBB' is carefully measured and recorded. The
instrument is moved to B' and another 90° angleturned. B'C is laid off to clear the obstacle.The instrument is moved to C' and a third 90°
angle turned. Distance CC' equal to BB' is meas-
ured and marked. This establishes a point C,
on the original line. The instrument is moved toC and a fourth 90° angle is turned to establish
the alignment CD which is the extension of AB
beyond the obstacle.

When the obstacle-clearing distance, BB' orCC', is less than a tape length, the turning of
four 90° angles can be avoided. Perpendicular
offse.ts may be erected from points ,A and B
(fig. 13-18); AA' equals BB'. Set up the instru-ment at B', perhaps measuring angle A'B'B tocheck if it's 90°. Extend line A'B' to C' thento D' making sure that point C' clears the
obstacle. Then layoff perpendicular offset C'Cequal to AA' or BB' and perpendicular offsetD'D equal to C'C. Then line CD is the extensionof line AB. The total distance of the line AD isthe sum of the distances AB, B'C' and CD.

'You may also compute the diagonals formed
by the end rectangles and compare the-result to
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actual measurement if feasible as a further
check.

Line Between Non-Intervisible
Points

It is sometimes necessary to run a straight
line between non-intervisible points under cir-
cumstances which make the previously describedmethods of bypassing an obstacle unfeasible.
If there is an intermediate point on the straight
line from which both of the end points can be
observed, the method called "balancing in" (also
called "bucking" in, "jiggling" in, or "wiggling"
in) may be used.

A problem often encountered in surveying isto find a point exactly on the line between two
other points when neither can be occupied, or
when an obstruction such as a hill lies between
the two points. The point to be occupied must
be located so that both of the other points are
visible from it. The process of establishing the
intermediate point is .known as WIGGLING IN
or RANGING IN.

The approximate position of the line between
the two points, at the instrument station is first
estimated by using two range, poles. The range
poles are lined in alternately in the following
manner. In figure 13-19A, range pole 1 is set
and range pole 2 is moved Until it is.exactly
on line between pole 1 and point A. This is done
by sighting along the edge of pole 1 at the station
A until pole 2 seems to be on line. Range pole
2 is set and pole 1 is moved until it is on line
between pole 2 and point C. Now pole 2 is moved
into line again and then pole 1 alternately until
both are on line AC. The line will appear to
pass through both-Toles and both stations from
either viewing position.

After finding the approximate position of
the line between the two points, set up the in-
strument on this line. The instrument probablywill not be exactly bn line, but will be over apoint such as B', in view B, fig. 13-19. With
the instrument at B', backsight on A, and plunge
the telescope and notice where the line of sight
(C') passes the point C. Estimate this distance
(CC'), and also the distance that B' would be
away from C and A. Estimate the amount to
move the instrument to place it on the required
line. Thus if B' is midway between A and C,
and C' misses C by 3 ft. to the left, B' must
be moved about 1.5 ft. to the right to reach B.
Continue the sequence of backsighting, plunging
the telescope, and moving the instrument untilthe line of sight passes through both A and C.
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G Ranging- in.

0 Wiggling-in on line.

(E Measuring o point on line.

45.769
Figure 13-19. Setting up on a line between two

points.

During this procedure, the telescope is re-
versed but the instrument is not rotated, that
is, if the telescope is,reversed for backsighting
on A, all sightings on k are made with tele-
scope reversed. Mark a point on the ground
directly under the instrument. Then, repeat
the procedure with the telescope direct for
each backsight on A. Mark a second point on
the ground. The required point on the line AC
is then the midpoint between the two marked
points.

The procedure outlined above is usually time
consuming. Even though the shifting head of
the instrument is used in the final instrument
-iovements, the instrument may have to be
picked up and moved several times. The follow-
ing procedure often saves time. After finding
.ile approximate position of the line between
the two-points, two- points (B' and S", view C,
;1g. 13-19) are marked 1 or 2 feet apart where

they are known to straddle the line AC. Set up
over each of these two points in turn, and
meaSure the deflection angles a and 0 . Also
measure the horizontal distance a, between points
B' and B". Then the position (B) on the line
AC can be found by Using the following equation:

a' = a a +
a

in which a' is the proportionate offset distance
from B' toward B" for the required point B,
and a and /I are*both expressed in minutes,
or in seconds.

Random Line

When it is necessary to locate intermediate
stations on a survey, line, the random line
method may be used. In figure 13-20, stations
0 + 00 and 2 + 50, now separated by a grove
of trees, were placed at some time in the past.
You are required to locate stations 1 + 00 and
2 + 00 which lie among the trees.

Run a line at random from station 0
until you can see station 2 + 50 from some
point A, on the line. The transitman measures
the angle at A and finds it to be 108° 00'. The
distances from A to stations 0 + 00 and 2 + 50
are chained and found to be 201.00' and 98.30'
respectively. With this information it is now
possible to locate the intermediate stations be-
tween stations 0 + 00 and 2 + 50. The distances
AB and AD can be computed by similar triangles
method as follows:

5AB = 0 x 201.0 = 40.20'
250

and AD = 150
250

These distances are laid off on the random
line from point A toward station 0 + 00. The
instrumentman then occupies points B and D
and turns the same angle (108° 00') that he
measured at peint A and establishes points C
and E on lines from points B and D through
the sought stations. The distances 'to those
stations are then chained from the random line.
These distances are computed by similar tri-
angles method as follows:

x 201.0 = 120.60'

200B to station 2 + 00 (BC) =-- x 98.3' = 78.64'250

100D to station 1 + 00 (DE) = x 98.3' = 39,32'
250
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45.770
Figure 13-20.Random line.

TIE IN

Fundamentally, the 'purpose of traversing is
to determine the locations of a framework of
primary horizontal-control points of known hori-
zontal location, from- which the horizontal loca-
tions of other points not on the traverse can be
determined, or from which other points not on
the traverse can be "set" or "established"
in given horizontal locations.

Determining the location of a point with
reference to a station, or to two stations, on a
traverse is commonly called "tying in" the
point. The simplest way to tie in a point is
by "perpendicular offset" as shown in figure
13-21. The various procedures for tying in are
described below.

Swing Offsets

The swing-offset method is used.for locating
points close to the control lines (see fig. 13-22).
Measurement of a swing-offset distance provides
an accurate determination of the perpendicular
distance from the control line to the point being
located. It is somewhat similar to the range tie
(explained below) but as a rule ''requires no
angle measurement. In determining the swing-
offset distance, one tapeman holds the zero
mark- -of the -tape at -a-corner-of_the_structure
while the other tapeman swings an arc with the
tape to the transit line (A13). When the shortest
reading on the graduated end of the tape is
observed, the swing-offset or perpendicular dis-
tance to the control line is obtained (at points
a or b). The alinement of AB can be first estab-
lished at the intersection of the offset points
and the tapeman can read the value. The more

.
....)cd I

STA. IS #7,5

45.107
Figure 13-21. Tying in a point byperpendicular

offset.

A

14+00

45.771
Figure 13-22.Swing offset.

c :54.33
16+00

common practice is to have the instrumentman
read the shortest distance through the tele-
scope. The- distance from the instrument station
to the swIng-offset points (a or b) is measured.
A tie or check distance can be measured- from
some known point l(c) along the line or an angle
a can be read fora tie from either instrument
station.

Perpendicular' Offsets

The method of perpendicular offsets from
a control line (fig. 13-23) is similar to swing
offsets, but is more suitable for locating detail
of irregular objects, such as stream banks and
winding roads. The control line is established
close to the irregular line to be located, and
perpendicular offsets (as.% bb', cc' and so on)
are measured to define the irregular shape.
When the offset distances are short, the 90°
angles are usually estimated, but when the
distances are several hundred feet long, the
angles should be laid off with an instrument..
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45.772
Figure 13-23. Perpendicular offsets.

The distances to the offset points (from a to
i) are measured a/ong the control line.

Range Ties

A range tie is another method of determining
a point's Ideation using an angle and a distance.
The method requires extra instrument manipula-
tion and should be used only when none of the
previous methods can be used satisfactorily.
Actually, the method will establish not only the
corner of a structure, but also the alinement
of one of the sides. In figure 13-24 assume
that the building is not visible from either A
or B, or that either or both of the distances
fritm A or B to a corner of the building cannot
be Iteasured easily. With the instrument set
up at either A or B and the line AB established,
one member of the party moves along AB until
he reaches point R which is the intersection of
line 1-2 extended. The instrument is moved,
and set up on R and the distance along the line
AB to R is measured. An angle measurement
to the building is made using either A or B as
the backsight. The range distance (R-2) is meas-

, tired as well as the building dimensions.

SETTING POINTS

When you "tie in" a pafnt adjacent to a
traverse, you measure distances and turn angles
to determine what might be called the "tie
*LIZ " of the point. To "set" a point adjacent
to a traverse means to establish the location

a point in accordance with given "tie data".
Again the "tie data" may be a perpendicular

A

11,1M.

3 as'

13+25

Range Station

A5.773
Figure 13-24. Ranging ties.

15+00

offset distance from a specified traverse sta-
tion, angle and distance from a specified station,
distance from each of two stations, angles from
two stations, or angle from one station and
distance from the other.

To set a point in accordance with its angle
and distance from a single station you simply
set up the transit at the station, turn the desig-
nated angle, and chain the designated distance
c'ong the line of site. For "perpendicular off-
set", of course, the angle is 90°.

To ,set a point in accordance with distance
from each of two stations you can manage by
using two tapes, provided each of the distances
is less than . a full tape length. Suppose, for
example, you want to set a point which is to be
75 ft from station 0 + 75 and 50 ft from station
1 + 75. Have the zero end of one 100-ft tape
held on station 0 + 75 and the zero end of
another on station 1 + 75. Run out the tapes
and place the 75-ft mark on the first in contact
with the 50-ft mark on the second. When both
tapes are drawn taut, the place of contact
between them will be over the designated loca-
tion of the point. .

If one or both of the distances is greater
than the length of a tape, you can determine the
direction of one of the tie lines by appropriate
triangle solution. In figure 13-25 you want to
set point B 120.0 4 from station A and 83.5 ft
from station C. A and C are 117.0 ft apart. You
can determine the size of the angle at A by
triangle solution as follows:

1 - cos A 2(si - b) (s - c)
be

'444
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A
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to.
CPU4

117 et

45.670
Figure 13-25.Locating a point by distances

from two stations.

2143.25) (40.25)1 - cos A 0.24797(117.0) (120.0)

cos A = 1.00000 - 0.24797 = 0.75203

A = 41° 14'

To set point B, then, you can set up a transit
at A, sight on C, turn 41° 14' tO the left, and
measure off 120.0 ft on that line of sight. To
check, then, you can measure BC to ensure that
it measures 83.5 ft.

To set a point in accordance with its angle
from each of two traverse stations it is customary
to use a pair of "straddle hubs" (familiarly
called "straddlers") as shown in figure 13-26.
Here the point was to be located at an angle of
34° 33' from station 2 + 00 and at an angle of
51° 21' from station 3 + 00. The transit was set
up at station 2 + 00, sighted on station 3 + 00,
and an-angle of 340 .33' was turned to the right.
On thiso line of sight a pair of straddle hubs
was dr`lIen, one on either side of the estimated
point of intersection of the tie lines. A cord was
stretched between the straddlers.

The transit was then shifted to station 3 + 00,
sighted, pn station 2 + 00, and an angle of 51° 21'
was turned to the left. A hub was driven at the
point where this line of sight intercepted the
cord between the straddlers.

To set a point in accordance with its angle
from one station and distance from the other
it Is best to determine the direction of the
distance line by triangle solution. In figure 13-27
point B is to be located 100.0 ft from station

30T)7

45.113
Figure 13-26.Setting a point by the use of

straddlers.

Nt,

%),C

130.0'

45.671
Figure 13-27.Locating a point by angle and

distance from two stations.

A and at an angle of 50° 00' from station C. You
can determine the size of the angle at A by first
determining the size of angle B, then subtracting
the sum of angles B and C from 180°. The solu-
tion for angle B is as follows:

130.0 sin 50° 00'sin B 100.0

130.0 (0.76604) = 0.99585sin B 100.0

Angle B, then, measures, 'to the nearest
minute, 84° 47'. It follows that angle A measures
180° 00' - (84° 47' + 50° 00'), or 45: 13'. Pet up
a transit at A, sight on C, and turn 45° 13' to
the right. Then set B by measuring off 100.0 ft
on this line of sight. As a check, set up the
transit at C, sight on A, turn 50° 00' to the right,
and ensure that this-line of sight intercepts the
marker at B.
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TRANSIT-TAPE SURVEY PROCEDURE

The procedure followed in a particular trans it-
tape survey will vary in accordance with the
nature of the survey, the policy followed in the
battalion, and the preferences of the party chief.
Till's course can only describe customary pro-
cedure in very general terms.

SELECTING POINTS
FOR MARKING

All points where a traverse changes direc-
tion are marked, usually with a hub which
locates the station exactly, plus a "guard stake"
on which the station of the change-of-direction
point is inscribed (such as 12 + 35). In the
expression "station 12 + 35" the 12 ia called
the "full station" and'the 35 is called the "plus."

The poiiits which are to be tied to the tra-
verse, or set in the vicinity of the traverse,
are usually selected and marked or set as the
traverse is run. The corresponding tie stations
on the traverse are, of course, selected and
marked at the same time. The first considera-
tion in selecting tie stations is VISIBILITY
meaning that the tie stations and the point to
be tied or set must be intervisible. The next is
PERMANENCY (not easily disturbed). Then
lastly, the strength of intersection, which means,
in general, that the angle oetween two tie lines
should be as close to 900 as possible. The more
acute or obtuse the angle between tie lines is,
the less accurate will be the location of the point
defined by their intersection.

PARTY PERSONNEL

A typical transit-tape survey party contains
two chaimnen, a transitrnan, a recorder (some-
times the transitman or party chief doubles
as recorUer), a party chief (who may serve as
instrumentman and/or recorder), and axmen
as needed. The transitman carries, sets up,
and operates the transit; the chainmen do the
same, with the tapeiand the marking equipment..

When the transitman turns an angle, he
calls out the identity . and size of the angle to
the recorder, as: "Deflection angle AB to BC,
750 16% right." The recorder repeats this back,
then mnkes the entry. Similarly, the head chain-
---ta calls out the identity and size of a linear
distance, as: "B to C, 265.72 ft;" whereupon
the recorder repeats this back and then makes
the entry. If the transitrnan closes the horizon
around a point he calls out: "Closing angle,

so-and-so." The recorder repeats this back,
and then adds the closing angle to the original
angle. If the sum doesn't come close to 3600,
the recorder notifies the party chief.

The party chief is in complete charge of
the party, and makes all the significant deci-
sions such as, for example, which stations
are to be marked on the traverse.

PRESCRIBED ORDER
OF PRECISION

The important distinction between "accurace
and "precision" in surveying was explained in
chapter 11. In general, any survey mist
carried out accuratelymeaning that in any
survey mistakes must be avoided. The precision
of a survey, however, depends upon the "order
of precision" which is either specified or to

- be inferred from the nature of the survey.
The various orders of precision are absolute,

not relative in implication. Federal agencies
control surveys, such as those made by USC&GS

are generally classified into four orders of
precision, namely: FIRST ORDER, SECOND
ORDER, THIRD ORDER, and FOURTH ORDER
control surveys. The FIRST ORDER being the
highest and the FOURTH ORDER the lowest
standard of accuracy. Some authorities insist
on using six orders of precision, but at present,
even the fourth order is seldom used because
of the increase in value of real estate and the
availability of precise ordinary surveying in-
struments.

Because of the type of instruments available
to you in the SEABEES,, most of your surveys
may not require a precision higher than third
order survey. When the order of precision is
not specified, you may use table 13-1 as a
standard for a horizontal control survey when
using the traverse control method. For surveys
that call for higher order of precision, you will
have to use theodolites to obtain the required
precision. (See chapter 9 of this training manual).

Triangulation control procedures is discussed
fully in Engineering Aid 1 & C. At present
however, 'You may encounfff-a7Fley problems
that may require the use of the triangulation
method. In such a case, you may use table 13-2
as a guide for order of precision, if not otherwise
specified in the survey.

For other survey precisions, you may refer
to Federal Board of Surveys and Mapping publi-
cations, Surveying and Mapping, "Classification
and Stan ar s of Accuracy of Geodetic Surveys,"
Volume 19, No. 2, pp. 219-224 (wheninecessary),
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Table 13-1,Control traverse order of precision

ORDER OF
PRECISION

MAXIMUM NUMBER OF
A ZIMUTH COURSES
BETWEEN A ZIMUTH
CHECKS

DISTANCE MEASUREMENT
ACCURATE WITHIN

MAXIMUM LINEAR
ERROR OF CLOSURE

MAXIMUM ERRORS OF
ANGLES

FIRST ORDER 15 1 1 *
2 sec 411-4

or
35,000 25,000

1.0 sec per station

SECOND 1 1
*

10 sec ,,RT or .ORDER 2'5 15,000 10,000

* 3.0 sec per station

*THIRD 1 1 30-sec 451orORDER 50 7,500 5,000 8.0 sec per station

FOURTH 1 1
ORDER -- 3,000 1,000 2 min or compass

,

N = the number of stations carrying azimuth.
* Use whichever is smaller in value.

5 0
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Table 13-2.Triangulation order of precision

PRECISION APPLICATION BASE LINE MEASUREMENT
MAX. PROBABLE ERROR

TRIANGLE CLOSURE:
MAX. AVERAGE ERROR

LENGTH CLOSURE:
MAX. DISCREPANCY BET.
MEASURED AND COM-
PUTED LENGTH BASE
LINE

CASE I
For city and 1 1.0 sec 1

FIRST
ORDER

scientific study
survey.

1,000,000 100,000

CASE II
Basic netword 1 1.0 sec 1

of U.S. 1,000,000 50,000

CASE III 1 1.0 sec 1

All other purposes. 1,000,000 25,000

CASE I
Area networks and
supplemental cross 1 1.5 sec 1

SECOND arcs in national net. 1,000,000 20,000

ORDER
CASE IF

Coastal areas, inland 1 3.0 sec 1

waterways and
engineering surveys.

500,000 10,000

THIRD Topographic 1 5.0 sec 1

ORDER Mapping 250,000 5,000
=

5.1d .
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The practical significance of a prescribed

or implied order of precision lies in the fact
that the instruments and methods used must be
those which are capable of attaining the required
precision. The precision of an instrument is
indicated by a fraction in which the numerator
is the inherent error (in a I-minute transit
the inherent error is 1 minute) and the denomin-
ator the total number of units in Which the
error occurs. For a transit this last is 900 ,
or 5400'. The precision of a 1-minute transit,
then, is 1/5400, or about adequate for a third-
order survey.

Precision of a tape is given in terms of the
inherent error per 100 ft. A tape which can be
read to the nearest 0.01 ft has a precision of
0.01/100, or 1/10,000adequate for second-
order work.

PRECISION FROM LINEAR
ERROR OF CLOSURE

For a closed traverse you must attain a
II ratio of linear error of closure" which corre-
sponds to the order of Precision prescribed or
implied for the traverse. The ratio of linear
error of closure is a fraction in which the
numerator is the linear error of closure and
the denominator the total length of the traverse.

To understand the concept of linear error
of closure, consider the closed traverse shown
in figure 13-28. Beginning at station C, this
traverse runs N 30° E 300 ft, thence S 30° E
300 ft, thence S 90° W 300 ft. The end of the
closing traverse (BC lies exactly on the point
of beginning (C), indi ating that all angles were
turned and all distan cs chained with perfect
accuracy, resulting in "perfect closure", or
an error of closure of 0 ft.

Now, perfect accuracy in measurement is
in the nature of things impossible. Therefore,
in a real-life survey the end of the closing
traverse BC, would be likely to lie some dis-
tance away from the point of beginning (C).
Suppose that this was a horizontal linear dis-
tance of 0.09 ft. The total length of the traverse
is 900.00 ft. The ratio of error of closure,
then, is 0.09/900.00, or 1/10,000. This is equiva-
lent to the precision prescribed for second-
order work.

PRECISION FROM MAXIMUM
ANGULAR ERROR OF CLOSURE

You know that the sum of the interior angles
of a closed traverse should theoretically equal

449

Figure 13-28. Closed traverse
closure.

23.240.1A
with perfect

the product of 180° (n - 2), n being the number
of sides in the polygon described by the tra-
verse. A prescribed "maximum angular error
of closure" is stated in terms of the product
of a given angular value times the square root
of the number of interior angles in the tra-
verse. Suppose, for example, that for the tra-
verse shown in figure 13-28 the prescribed
maximum angular error of closure is oivr,
there being 3 interior angles in the figure.
The sum of the interior angles should be 180°.
Suppose that the sum of the angles, as actually
measured and recorded, was 179° 57'. The
angular error of closure is 03.'. The maximum
permissible is the product of 01' times the
square root of 3, or about 1.731. You have
therefore exceeded the prescribed maximum
angular error of 'closure.

PRECISION SPECIFICATIONS

The following specifications are intended to
give you only a general idea of the .typical
precision requirements for various types of
transit-tape surveys. Where linear and angular
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errors of closure are specified, it is undar-
stood that a closed traverse is involved.

For many types of preliminary surveys,
and for land surveys in which the land is re-
latively ineXpensive, typical_ precision specs
might read as follows:

Transit angles to nearest minute,
measured once. Sights on range poles
plumbed by eye. Tape leveled by eye,
with standard tension estimate No temp-
erature or sag corrections. Slopes under
3 percent disregarded. Slopes over 3
percent measured by breaking chain, or
by chaining slope, distance and applying
calculated correction. Maximum angular
error of closure, 1.5' . rfr. Maximum
ratio linear .error of closure, 1/1000.
Pins or stakes set to nearest 0,.1. ft.

For most land surveys and highway location
surveys, typical precision, specifications m;ght
read as follows:

Transit angles to nearest minute,
measured once. Sights on range poles,
plumbed carefully. Tape leveled by hand
level, With standard tension by tensionom-
eter or sag correction applied. Temper-
ature correction applied if air tempera-
ture more than 15° different from standard
(68°F). Slopes under 2 percent disre-
garded. Slopes over 2 percent measured
by breaking chain or by applying approxi-
mate slope correction to slope distance.
Pins or stakes set to nearest 0.05 ft.
Maximum angular error of closure
Maximum ratio linear error of closure,
1/3000.

For important boundary surveys and exten-
sive topographical surveys,,, typical precision
specifications might read as follows: I

Transit angles by 1-minute transit,
repeated 4 times. Sights taken on plumb
lines or on range poles carefullyplumbed.
Temperature and slope corrections ap-
plied; tape leveled by level. Pins set
to nearest 0.05 ft. Maximum angular
-rror of closure, 0.5' . Maximum
ratio linear error of closure, 1/5000.

Note that in the first two specifications one-
time angular measurement is considered suf-
ficiently precise. Many surveyors, however, use

two-time angular measurement as a customary
procedure, to maintain a constant check on
possible mistakes.

ANGLES VS. DISTANCES

It is usually the case on a transit-tape
survey that the equipment for measuring angles
is considerably more precise than the equip-
ment for measuring linear distances. This fact
leads many surveyors into a tendency to measure
angles with great precision while overlooking
important errors in the measurement of linear
distances.

Now, it is uselesi to make the precision of
angular measurement greater than that of linear
meaSurement, because your Ogles are, you
might say, only as goceas your linear distances.
Suppose, for example, that you are running
traverse line BC at a right deflection angle of
630 45' from AB, 180.00 ft to station C. You
set up at B, orient the telescope to AB ex-
tended, and turn exactly 63° 45' 00" to the right.
But then, instead of measuring off 180.00 ft,
you_ measure off 179.96 ft. Regardless of the
precision with which you turn all of the sub-
sequent angles in the traverse, every station
will be mislocated because of the error in the
linear measurement of BC.

You can see, then, that angles and linear
3tances must be measured with the same

precision, and that it is useless to measure
angles more precisely than you measure dis-
tances.

ERRORS AND MISTAKES
IN TRANSIT WORK

In chapter 11 of this training manual, we
have discussed the difference between errors
and mistakes. It was stated that ERRORS are
caused by the- effects of nature, by the condi-
tion of the instrument, and the physical condition
of the personnel performing the survey, whereas
MISTAKES are plain human "blunders."

In transit work, errors are grouped into
three general categories, namely: INSTRU-
MENTAL, NATURAL and PERSONAL errors.
We will discuss first these errors and the
common MISTAKES in transit work will be ex-
plained later.
t-0 "2
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TRANSIT INSTRUMENTAL
ERRORS

A transit will not measure angles accurately
unless the following conditions exist in the
instrument.

1. The vertical crosshair must be perpen-
dicular to the horizontal axis. If the vertical
crosshair is not thus perpendicular,., measure-
ment of horizontal angles will be inaccurate.

2. The axis of each of the plate levels must
be perpendicular to the vertical axis. If this
is not the case, the instrument cannot be ac-
curately leveled. If the instrument is not level,
measurement of both horizontal and vertical
angles will be inaccurate'.

3. The line of sight through the telescope
must be perpendicular to the horizontal axis.
If it is not, the line of sight through the tele-
scope inverted will not be 1800 opposite the
line of sight through the telescope erect.

4. The horizontal axis of the telescope mast
be perpendicular to the vertical axis. If it is
not, the measurement of both horizontal and
vertical angles will be inaccurate.

5. The axis of the telescope level must be
parallel to the line of sight through the telescope.
If it is not, the telescope cannot be accurately
leveled. If the telescope cannot be accurately
leveled, vertical angles cannot be accurately
measured..

6. The point of intersection of the vertical
and horizontal crosshairs must coincide with
the true optical axis of the telescope. If it
doesn't, measurement of both horizontal and
vertical angles will be inaccurate.

Any or all of the above conditions may be
absent in an instrument, because of maladjust-
ment, damage, or defect. Procedures for cor-
recting maladjustments are described in 'chapter
10 of this training manual.

NATURAL ERRORS

Common causes of natural errors in transit
work are as follows.

1. Settlement of the tripod in yielding soil.
If the tripod settled evenlythat is, if the tip
of each leg settled precisely the same amount
there would be little or no resulting error in
the measurement of horizontal angles. Settle-
ment is usually uneven, however, which results
in dis-levelment of the instrument.
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2. Refractionbut the effect of this is usually

negligible in ordinary-precision surveying.
3. Unequal _ekpansion or contraction of in-

strument parts, caused by excessively high or
excessively low temperature. For ordinary-
precision surveying the effect of this is also
usually negligible.

4. High wind, which may cause plumbing
errors when plumbing with plumb bob and cord,
and reading errors because of vibration of the
'instrument.

PERSONAL ERRORS

Personal errors are the combined results
of carelessness and of the limitations of the
human eye in setting up and leveling the in-
strument and in making observations.

Common causes of personal errors in transit
work are as follows:

1. FAILURE TO PLUMB THE VERTICAL
AXIS EXACTLY OVER THE STATION. Figure
13-29 shows how the resulting inaccuracy in-
creases drastically as the 'sight distance de-
creases. In that figure, an instrument supposed
to -be set up at A was actually set up at A'', 40
ft away from A. (For demonstration purposes
the figure was exaggerated to magnify the error;
in actual occurrence the eccentricity amounts
only to a fraction of an inch. Remember that
mathematically, 1- inch is the arc of 1 minute
when the radius is 300 ft.)

In the upper view you can see that with B
located 300 ft from A, the angular error caused
by the displabement is about 8°. In the lower

A'

a

A

A

JIjERROR 49011T 8*

300'

a'
ERROR ABOUT 22'

/00'

a'

45.115
rigure 13-29. Exaggerated illustration Of error

caused when the transit is not centered
exactly over the station.
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view, however, with 8 located only 100 ft from
A, the angular error caused by the displacement
is about 220.

The practical lesson to be learned from this
is that you must plumb the instrument much
more carefully for a short sight than for a long
one.

2. Failure to center plate level bubbles ex-
actly. The result of this is that the instrument
is not leveled exactly. The consequent error is
at a minimum for a horizontal sight, and in-.
creases as a sight becomes inclined.

The practical lesson is that you should level
the instrument much more carefully for an
inclined Sight than for a horizontal one..

3. Inexact setting or reading of a Crernier.
The use of a small, powerful pocket magnifying
glass is very helpful here. Also, when you have
determined which vernier graduation most nearly
coincides with a limb graduation, it is a good
idea to check your selection by 'examining the
graduations on either side of the one selected.
These should fail of coincidence with their limb
counterparts by about the same amount.

4. Failure to line up the vertical crosshair
with the true vertical axis of the object sighted.
The effect is similar -to that of not plumbing
exactly over the stationwhich means that the
error increases drastically as the length of
the sight decreases.

5. Failure to bring the image of the cross-
hair and/or that of the object sighted into clear

focus (PARALLAX). A fuzzy outline makes exact
alignment difficult.

Common mistakes in transit work are as
follows:

1-.---TtIRNING THE WRONG TANGENTSCREW;
for example, turning the lower tangent screw
AFTER taking a backsight will introduce an
error In the backsight reading.

2. FORGETTING TO TIGHTEN THE
CLAMPS, OR THE SLIPPING OF A CLAMP
WHEN IT IS SUPPOSED TO BE TIGHT.

3. READING IN THE WRONG DIRECTION
FROM THE INDEX (zero mark) ON A DOUBLE

VERNIER.
4. READIN2'' THE WRONG VERNIER, that is,

reading the veinier opposite the one which was
set.

5. READING ANGLES IN THE WRONG DI-
RECTION, that is, reading' from the outer row
rather than the inner row or vice versa, on the
horizontal scale.

6. FAILURE TO TAKE A FULL SCALE
READING BEFORE READING THE VERNIER.
Dropping the 20 or 30 minutes from the read-
ing, erroneously recording only the number of
minutes indicated on the vernier, such as 15° 18'
instead of 15° 48'. (Do not be so intent on reading
the vernier that you lose track of the full scale
reading of the circle.)

..r
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CHAPTER 15

TOPOGRAPHIC SURVEYING AND MAPPING

Topography refers to the characteristics of
the land surface. These characteristics include
RELIEF, NATURAL FEATURES, and MAN-
MADE features. Relief is the configuration ofthe earth's surface and includes such features
as hills, valleys, plains, summits.and dePres-sions and other natural features such as trees,
streams, lakes,,and the like. Man-made features
are such as highwayd, bridges, dams, wharfs,
or buildings.

A graphic representation of the topography
of an area is called a "topographic map." A.
topographic map is simply a drawingwhich shows
the natural and artificial features of an area.
A "topographic survey" is a survey conducted
for the purpose of obtaining the 'data required
for the preparation of a topographic map. Gen-
erally speaking, this data Consists essentially
of the horizontal and vertical locations of the
features which are to be shown on the map. The
horizontal location of a feature is called its
"le-cation in plan;" the vertical location is called
the "location in elevation."

The field work in a topographic survey, con-
sists principally Of (1) the establishment of a
basic framework of horizontally and vertically
located control points (called "instrument points"
or "stations"), and (2) the determination of the
horizontal and vertical locations of "details"
in the vicinity of each instrument point.

ESTABLISHING TOPOGRAPHIC
CONTROL

Topographic control consists of two parts
(1) horizontal control and (2) vertical Control.
The horizontal control means the locations of
the stations and monuments from which topo-
graphic details are located in the plans. The
vertical control consists Of the bench marks
from Which the elevations are obtained. Actually
vertical control points are established by running
a line of levels. Control points of the lowest

order of precision may be established by some
other means.

When the area to be mitpped is very large,
you must make every efft et to eliminate the
cumulative effects of errdi: The first step is
to establish the most important or primary
control stations. This is usually accomplished
fairly accurately by triangulation. Then starting
at any primary control statibn, run traverses
to establish secondary control stations. Close
each traverse on one of the primary stations.
Still other stations may be run by the plane
table method or by the compass method. Thus
you' can see that the primary contrOl stations
form a fratnelike network upon which the rest
of the survey is built. Errors, therefore, cannot
accumulate any further than the distance between
the primary stations.

Aerial photography sometimes is used for
surveying, large tracts of land: With the help of
sensitive instruments, practical topographic
maps may 'be made from photographs taken
from airplanes. This method has been used for
such jobs as traffic studies, city planning, locat-
ing pipelines, railroads, dam sites, and airfields.

HORIZONTAL CONTROL

The selection and horizontal location of a
number of conveniently located inst*ument points
or stations, from which details may be located,
may be accomplished by traversing, by tri-
angulation, or by the combined use of both
methods. On an important, large-area survey
there may be both "primary" control, in which
a number of widely separated primary control
points are located with a high degree of pre-
cision; and "secondary" control, in which sta-
tioni are located with less precision within the
framework of the primary control points.

If horizontal control is established by tra-
versing, there may be both primary and second-
ary traverses run. A primary traverse, which
locates the primary control points, follows routes
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which will produce conveniently located stations.
Such routes might run along roads, ridges,
valleys, edges of wooded areas, public land
lines, or (particularly for small areas) near
the perimeter of the tract:

If all the details in the area can be con-
veniently located from stations on the primary
traverse, no secondary traverses are required.
Generally, however, the size and/ot character
of the terrain make it necessary that control
points in addition to those on the primary tra,
verse be established. These point's are located
.on secondary traverses called "cross-ties,"
each of which is run across the area from one
primary traverse station to another.

Consider, for example, the situation shown
in figure 15-1. This figure shows a tract, bounded
on three sides .-by highways and on the fourth
side by a fence. For simplification, the figure
shows only the items to be discussed in the
following explanation; an actual complete plan
would include a title, date, scale, north arrow,
and so on.

The primary traverse ABCD runs around
the perimeter of the tract. It might be tiie case
that details on the whole tract could be satis-
lactorily located from control points on the
primary traversethat is, from stations on the
highways, such as A, A1, B, B1, C, C1, and D;
and from one or more stations along the fence,
such as DI. However, the size and character
of the terrain might make it necessary to estab-
lish instrument points within the perimeter of
the tract, such as D 2, A2, and B2 . To establish
these stations, secondary cross-tie traverses
would be run as shown.

Important details are located both horizontally
and vertically from each station. Minor details
may be located horizontally only for plotting
purposes.

Field notes for the survey sketched _in figure
15-1 would contain (1) notes showing the hori-
zontal locations of the stations, and (2) level
notes for determining the elevations of the
stations.

VERTICAL CONTROL

As stated in chapter 14 of this training
manual, the network of benchmarks is established
for vertical control. In topographic surveying,
these benchmarks will serve as (1) starting
points and closure for the leveling operations
when lOcating details, and (2) as a ready refer-
ence elevation fox subsequent construction work.
Also, the established horizontal control marks
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45.404
Figure 15-1. Primary traverse and secondary

traverse.

are often used as the benchmarks, because the
level routee-generally follow the traverse lines.
Vertical control is accomplished by direct level-
ing; however, it may be done by trigonometric
leveling for a limited area or in rough terrain.
The datum for some surveys may be assumed,
but it is seldom the case that a precisely estab-
lished benchmark is not available in the area,
specially within the United States. The surveyor
must make every effort to tie-in his surveys to
these marks, if feasible, for proper-location and
identification.

Four degrees of precision are commonly used
in establishing vertical control in a topographic
survey for an intermediate-scale map.

1. 0.05 ft ,Vdistance in miles. You can see
that this is equivalent to third order precision
given in table 14-2. This is used as the standard
for surveys in very flat region and when the
contour interval is 1 ft or less, or on surveys
which require the determination of gradient of
streams, or in surveys to establish the grades
for proposed drainage and irrigation systems.

2. 0.1 ft /distance in miles. This is equiva-
lent to fourth order precision. It is used in a
survey where the .contour interval of the map is
2 feet.

3. 0.3 ft distance in miles. This is used
for a Contour intetVal of 5 feet.

2 a
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4. 0.5 ft Wdistance in miles. This is used
for a contour interval of 10 ft and may be accom-
plished by stadia leveling, a method which is
very advantageous in hilly terrain.

Precisiens 1 and 2 above are used for a
large-scale map which generally has a contour
interval of 1 or 2 ft. For an extensive survey
of a large area, No. 1 is used; No. 2 is used
for surveys of smaller areas.

Vertical controls are also necessary for
hydrographic and photogrammetric surveys.
Their uses in hydrographic surveying are very
similar ,to topographic surveying. Vertical con-
trols are necessary in obtaining data kequired
for waterfront structures dredging, flood con-
trol, and the lIke. In photogAmmetric surveying,
vertical controls are necessary for the prepara-
tion of controlled mosaic and the preparation
of relief maps from aerial photographs.

REPRESENTATION OF RELIEF

Before the procedure for locating details
from a station is -described, the aubject of
"topographic relief" should be explained. Relief
is the term applied to variance in the vertical
configuration of the earth's surface. You have
seen how relief can be shown in a plotted
profile or cross-section. These, however, are
views on 4 vertical plane, but a topographic
map is a view on a horizontal plane. On such
a map, relief may be indicated by the following
methods.

A "relief model" is a three-diMensional
relief presentationa molded or sculptured
model, to suitable horizontal and vertical scales,
of the hills and valleys in the area.

"Shading" is a pictorial method of showing
relief, in which light and dark areas are used
to suggest the shadows which would be created
by parallel rays of light, shining across the area
at a given angle.

"Hachures" is a pictorial method similar to
shading, except that the light-and-dark pattern
is created by short "hachure lines," drawn
parallel to the steepest slopes. Relative steep-
ness or flatness is suggested by varying the
lengths and weights of the lines.

"Contour lines" are lines of equal eleva-
ton that is, each contour line on a map is
drawn through a succession of points, all of
vhich are at the same elevation. A "contour"
.s the real-life eqUivalent that is, a line of
equal elevation on the earth's surface.

All of these methods of indicating relief are
illustrated in figure 15-2. The contour-line
method is the one most commonly used on
topographic maps.

CONTOUR LINES

As stated in chapter 8, a CONTOUR is an
imaginary level line on the ground surface, and
the corresponding line on a corresponding map

RELIEF MODEL

SHADED FORM LINES

HACHURES

CONTOURS

45.405
Figure 15-2. Methods of indicating relief.
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of an area is called a CONTOUR LINE. The
best illustration of a contour is the line traced
by the surface of a still body of water in a pond
or a lake. The intersection of the water with
the ground is called the CONTOUR and when this
line is drawn on a map, the term used will be
CONTOUR LINE.

Contour lines indicate a vertical distance
above or below a datum plane. Starting at sea
level, normally the zero contour, each contour
line represents an elevation above sea level.
The vertical distance between adjacent contour
lines is known as the contour interval and the
arnount of the contour interval is given in the
marginal information. On most maps, the contour
lines are printed in brown. Starting at zero
elevation, every fifth contour line is drawn with
a heavier line. These are known as INDEX
CONTOURS and some place along each index
contour, the line is broken and its elevation is
given. The contour lines falling between index
contours are called INTERMEDIATE CONTOURS.
They are drawn with a finer line than the index
contours and usually do not have their elevations
given.

GROUND POINT SYSTEMS

The essential data for showing relief by con-
tour lines consists of the elevation of a sufficient
number of "ground points" in the area. Methods
of determining the horizontal and vertical loca-
tions of these ground points are called "ground
point systems." The systerris most frequently
used are (1) tracing contours, (2) grid, (3) con-
trol points, and (4) cross profiles. In practice,
combinations of these methods may be used in
one survey.

Tracing Contours

In the tracing contours system, the ground
poirits located are points on the actual contours.
Points on a gived contour are plotted .on the
map, and the contour line is drawn through the
plotted points. The method may be illustrated
by the following simple example.

Assume that the traverse shown in figure
15-3 runs around the perimeter of a small field.
The elevations at corners A, B, C, and D are
as indicated. It is abvious that the ground slopes
downward from AB toward DC, and from AD
toward BC. You want to locate contours at a
"contour interval" of 1 ftthat is, you want
to plot the 112-ft contour line, the 111-ft contour
line, the 110-ft contour line, and so on.

483

45.406
Figure 15-3. Traverse with contour lines.

You stand at station A with a hand level.
The elevation of this station is 112.5 ft. Assume
that the vertical distance from your eye level
to the ground is 5.7 ft. Then with the hand level
at your eye, and with you standing on station A,
the H.I. is 112.5 + 5.7, or 118.2 ft.

If a level rod is set up anywhere on the 112.0-
ft contour, the reading you would get from
station A would be 118.2 - 112.0, or 6.2 ft.
Therefore, to determine the point where the
112.0-ft contour crosses AB, all you need to do
is have, the rodman back out from A along AB
until he comes to the point where you read 6.2
ft on the rod. The point where the 112.0-ft
contour crossea AD can be determined in the
same manner. The distance from A to each point
can be measured, and the distance from A to
the 11240-ft contour on AB and AD then recorded.

When all of the contours have been located
on AB and AC, you can shift to station C and
carry out the same procedure to locate the
contours along BC and CD. You have now located
all the points where contours at a 1-ft interval
intersect the traverse lines. If the slope of
the ground- is uniform (as- it is presumed to be
in figure 15-3), you can plot the contour lines
by simply drawing lines between points of equal
elevation, as shown in that figure. If there
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were irregularities in the slope, you would
send- the rcdman out along dile or more lines
laid ,-..,.",trOSS the irregular ground,, locating the
contours en these lines just as you located
them on the traverse lines.

arid Coordinate System

In the grid coordinate system, the area is
laid out in squares of convenient size, and the
elevation of each corner point is determined.
While this method lends itself to use on rela-
tively regular ground, ridge or valley lines.
must be located by "spot" elevations taken
along the lines. The locations of the desired
contours are then determined, on the ridge and
valley lines and on the sides of the squares,
by "interpolation." This gives a series of points,
throug4 which the contour lines may be dm*.

Figure 15-4 illustrates this method. Assume
that the squares here measure 200.0 ft on a side.
Points a, b, and c are Points on a ridge line,
also 200.0 ft apart. It is desired to locate and
draw the 260.0rft contour line.. By inspection,
you can see that the 260.0-ft contour must cross
AD (elevation of A 255.2 ft, elevation of D
263.3 ft). At what point does the 260.0-ft contour
cross AD? This can be tietermined by propor-
tional equation as follows.

Assume that the slope from A to D is uni-
form. The difference in elevation is 8.1 ft

(263.3 - 255.2) for 200.0 ft. The difference in
elevation between 255.2 ft and 260.0 ft (eleva-
tion of the desired contour) is 4.8 ft. The dis-
tance from A to the point where the 260.0-ft

Z5112*

243 3`0

2573' 25nr

tao

246P
..,...e.

'2.40

21172'

.e/
2511 3'

F 2573'

45.407
Figure 15-4.Grid system of ground points.

contour crosses AD is the value of x in the
proportional equation,

8.1 4.8
200 x '

or 118.5 ft. Lay off 118.5 ft from A on AD and

make a mark.
The points where the 260.0-ft contour crosses

BE, EF, EH, and GH can be located and marked
in the same manner. The 260.0-ft contour crosses
the ridge, obviously, between point b (elevation
266.1 ft) and point c (elEvation 258.3 ft). The

distance between b and c is again 200.0 ft; the

location of the point of crossing can be obtained
by the same procedure just described.

You now have six plotted points: one on the
ridge line between b and c, and the others on
AD, BE, EF, EH, and GH. A line sketched by
hand through these points is the 260.0-ft contour
line. Note that the line is, in effect, the line
that would be formed by a horizontal plane,
passed through the ridge at an elevation of
260.0 ft. Note, too, that a cdntour line changes
direction at a ridge summit.

Control Points

The preceding explanation illustrates the fact
that any contour line may be located on a uni-
form slope, between two points of known eleva-
tion a known distance apart, by interpolation.
It also demonstrates how a ridge line is located

by spot elevations; a valley line would be located
in the same manner.

If all the important irregularities in an area
(ridges, valleys, and any other points where
elevation chtinges radically) are located and
plotted, a contour map of the area can be drawn

by interpolat;ing the desired contours between

the control p?ints.
A very elementary application of the method

is shown inifigure 15-5. Point A is the summit
of a more or less conical hill. A spot elevation
is taken here. Points B, C, D, E, and F are
points at the foot of the hill; spot elevations
are also taken here. It is desired to draw the
340.0-ft contour. Point a on the contour is inter-
polated on the line from A to B; point bis
interpolated on the line from A to C; point c
is interpolated on the line from A to D; and

SO On.
Figure 15-6 shows a more complicated ex-

ample in which contours are interpolated and

484
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F
329 5'

sketched between controlling spot elevations taken
316 5 along a stream.
C x

325.4'

E
333.4'

-45.408
Figure 15-5. Control point method of locating

contour.

110

130

130 it 110
*140

135

45.409
Figure 15-6. Sk tching contours by interpolation

between contro points of known elevation.
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Cross Profiles

In the cross profile system, elevations are
taken along selected lines which are at right
angles to ,a traverse line. Shots are taken at
regular Intervals and/or at breaks in the ground
slope. The method is illustrated in figure 15-7.
The line AB is a traverse, along which 100-ft
stations are shown. On each of the dotted cross-
section lines, contours are located. The particu-
lar contour located at a particular station
depend on (1) the ground elevations, and (2) the
prescribed 'contour interval, which in this in-
stance is 2 ft. The method used to locate the
contours is the one previously described for
tracing contour system. When the even-mini-
bered, 2-ft interval contours are located on
all the cross-profile lines, the contour lines
are drawn through the points of equal eleVation.

53u

9

45.410
Figure 15-7. Cross profiles.
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CHARACTERISTICS OF CONTOUR
LINES

A contour line is a line of equal elevation;
therefore, two different lines must indicate two
different elevations. It follows that two dif-
ferent contour lines cannot intersect or other-
wise contact each other, except at a point where

STREAM

DITCH 2" DEEP

a vertical or overhanging surface (such as a
vertical or overhanging face of a cliff) exists
on the ground. In figure 15-8, "overhanging
cliff," you can see how the segments of contour
lines on an overhanging cliff are made dotted
or "hidden" lines. Aside from the exception
mentioned, a point where two different contour
lines intersected would be point with two
different elevationsan obvious impossibility.

--- I I0

20

RIDGES

DITCH 6' DEEP

Figure 15-8. Typical co

GENTLE HILL a RAVINE

OVERHANGING CLIFF

45.411
ur formations.
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In forming a mental image of the surface
configuration from a study of contour lines, it
is helpful for you to remexnber that a contour
line is a LEVEL line; that is, a line which
would be formed by a horizontal plane passed
through the earth at the indicated elevation. If
you' keep this concept of "levelness" in mind,
you can usually get the "feel" of the rise and
fall of the ground as you study the contour
lines on the map.

A contour line must close on itself some-
whereeither within or beyond the boundaries
of the map. A line which appears on the map
completely closed may indicate either a summit
or a depression. If the line indicates a de-
pression, 'this fact is sometimes shown by a
succession of short hachure lines, drawn per-
mdicular to the "inner" side .of the line, as
shown in figure 15-8, "depression." A contour'
line marked in this fashion is called a "de-
pression contoUr."

7,

On a horizontal or level plane surface, the
elevation of all points on the surface is the
same. Therefore, since different contour lines
indicate different elevatiok- there can be no
contour lines on such a surface. On an inclined
plane surface, contour lines at a given equal
interval will be straight, paralleLto each_other,
and equidistant.

A number of typical contour formations are
shown in figure 15-8. For purposes of simplifi-
cation, horizontal scales are not shown; how-
ever, you can see that various intervals are
represented. The arrows shown indicate the
direction of flow of water.

Generally, the spacing of the contour lines
indicates the nature of the slope. Contour lines
evenly spaced and wide apart indicate a uni-
form, gentle slope. (See fig. 15-9.) Contour
lines evenly spaced and close together indicate
a uniform, steep slope. The closer the contour
lines ch other, the steeper the slope. (See
fig. 151 Contour lines closely spaced at the

e
top an spaced at the bottom indicate a
concav fig. 15-11). Contour lines widely
spaced at e top and closely spaced at the
bottom indicate a convex slope (fiq. 15-12).

In order to show the relationship of land
formations to each other and how[ they would
be symbolized on a contour map, stylized PAN-
ORAMIC SKETCHES of the major relief forma-
tions were drawn and the contour map of each
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DOWN

45.784
Figure 15-9. --Unifoxun gentle slope.

sketch developed. A panoramic sketch is a
pictorial representation of the terrain in eleva-
tion and perspective as seen from one point
of observation. It shows the horizon which is
always of military importance, and intervening
features such as crests, woods, structures,
roads, fences, and so on. Each of figures 15-13
through 15-19 shows a sketch and map with a
different relief feature and its characteristic
contour pattern. Each of . the relief features
illustrated are defined in the following para-
graphs.

HILL. A point or small area of high ground
(fig. 15-13). When you are located on a hilltop,
the ground slopes down in all directions.

VALLEY. A stream course which has at
least a limited extent of reasonably level ground
bordered on the sides by higher ground (fig.
15-14). The valley generally has maneuver room
within its confines. Contours indicating a valley
are U-shaped and tend to parallel a major stream
before crossing it. The more gradual the fall
of a stream, the farther each contour parallels
it. The CURVE of the contour crossing ALWAYS
points upstream.
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DOWN

45.785
Figure 15-10. Uniform steep slope.

DRAW. A Iess-developed stream course in
which there is essentially no level ground and,
therefore, little or no maneuver room within
its sides and towards the head of the draw.
Draws occur frequently along the sides of ridges,
at right angles to the valley between them.
Contours indicating a draw are V-shaped, with
the point of the "V" toward the head of the
draw.

RIDGE. A line of high ground, with normally
minor uariations along its crest (fig. 15-15).
The ridge is not simply a line of hills; all
ocAnts of the ridge crest are appreciably higher
than the ground on both sides of the ridge.

SPUR. A usually short, continuously sloping
line of higher ground normally jutting out- from

900

750
800
850

45.786
Figure 15-11. Concave slope.

the side of a ridge (fig. 15-15). A spur is often
formed by two roughly :parallel streams cutting
draws down the side of the ridge.

SADDLE. A dip or low point along the crest
of a ridge. A saddle is not necessarily the lower
ground between the two hilltops, it may be
simply a dip or break along an otherwise level
ridge crest (fig. 15-16).

DEPRESSION. A low point or sinkhole, sur-
rounded on all sides by higher ground (fig.
15-17).

CUTS AND FILLS. Man-made features by
which the bed of a road or railroad is graded
or leveled off by cutting through high areas
and filling in lovipreas (fig. 15-18) along the
right-of-way.

CLIFF. A vertical or near vertical slope
(fig. 15-19). When a slope is so steep that it
cannot be coalescing, it is shown by a ticked
"carryfng" contour or contours. The ticks always
point toward lower ground.

488
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DOWN

M
I i

45.787
Figure 15-12.Convex slope.

MAP SCALES AND
CONTOUR INTERVALS

A topographic map is called large scale,
intermediate scale, or small scale in accord-
ance with the following criteria:

Large seale: 1 in. = 100 ft or less
Intermediate scale: from 1 in. = 100 ft to

1 in. = 1000 ft
Small scale: 1 in. = 1000 ft or more.
The designated contour interval varies ac-cording to the purpose and scale of the mapand the character of the terrain. Table 15-1shows the recommended contour intervals thatmay be used when preparing a topographic map.

CONTOUR MAP
CONSTRUCTION

If an EA can perform ordinary engineering
drafting choreshe will not have any difficulty

4
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45.788
Figure 15-13. Hill.

in constructing a topographic map. Up to somedegree, contour lines must be drawn by estima-
tion. His knowledge of contoUrlifie character-istics and the configuration of the terrain they
represent will be a great help. He must use hisskill and judgment so that the contour lines he
draws may best represent the actual configura-
tion of the ground surface.

Basically, the construction of a contour map
consists of three operations. They are:

1. Plotting of horizontal control which will
serve as the framework of the map.

2. plotting of details including the map loca-
tion of points of known ground elevation, simply
called GROUND POINTS. These ground points
or contour points will be used as guides for
the proper location of the contour lines.

,
3. Construction of contour lines at given

contour intervals.

Si, ;Jai care is taken in the field to locate
RLDGE LINES and VALLEY LINES, for these

5 3 ,_i ,
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VALLEY DRAW

VALLEY

45.789
Figure 15-14. Valley and draw.

lines are usually drawn first on the map before
actual contour points are plotted. (See view A,
fig. 15-20.) As contours ordinarily change direc-
tion sharply where they cross these lines, and
since the slopes of ridges and valleys are
fairly uniform, they are aids in drawing the
correct contour lines. After the ridge and valley
lines are plotted, contour crossings are spaced
(by interpolation) along them before any attempt
is made to interpolate or to draw the complete
contour lines. (See view B, fig. 15-20.)

RIDOE

SPUR

RIDOE

45.790
Figure 15-15. Ridge and spur.

Contour lines are smoothly drawn freehand
with uniform width and with best results if &
contour pen is used. Breaks in the lines are
provided to leave spaces for the elevations.
The numbers which represent these elevations
are written in such a way that they may be
read from one or two sides of the map; some
authorities prefer that they are also written
in such a way that their tops are towards the

uphill. Spot elevations are shown at Important
points, such as road intersections.

View C, figure 15-20, illustrates the com-
pleted contour map. For more refined work,
the map must be traced, using a contour pen,
on a tracing cloth or tracing paper to allow
reproduction of more copies, if necessary.

If the nature of terrain and weather condi-
tions permit, a topographic map is best accom-
plished with the use of a plane table. In this
way, the fieldwork and. sketching are all done
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SAIDDLE

45.791
Figure 15-16. Saddle.

in the field. Detail positions are plotted to scale
with respect to the plotted position of the occupied
station. They are normally located by radiating
rays and distances measured by stadia, and
plotted directly on the plane table sheet. The
ground elevation at each point is determined and
shown on the sheet at the plotted position.
On a large scale map, it is often possible to
represent 'the true shape of features to scale.
On small scale maps, buildings and other fea-
tures must often be symbolized, with the symbol
centered 'on the-true position, hut drawn larger
than thet scale of the map. Such detail is por-
trayed on the map by means of .standardized
topographic symbols; these symbols are shown
in figure 15-21.

After a number of key points have been
lodate6 (Usually from one occupied station) and
plotted, sketching of the contour lines is started.

Contour. - lines are drawn on the map by
logical contouring. Ground elevations are deter-
mined at key points plotted on the plane table

4-5.792
Figure 15-17. Depression.

sheet. Such key points are located at the following
positions:

1. Hill or mountain tops
2. Ridge lines. .

3. Top and foot of steep slopes.
4. Valleys and streams.
5. Saddles between hills.

Views. A to C, figure 15-20 also represent
the evolution of a topographic map using the
plane table. Key points with description and
elevation are showri as in view A. To aid in
drawing the contours, the drainage and the ridge
lines are sketched. The contours crossing these
lines are marked by interpolation. Along the
slopes, the contours are interpolated between
the marked key points using short dashes shown

491
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48.793
Figure 15-18.Contour (cut and fill).

in view B. The final step is to join the equival nt
contour lines as in view C.

ainlize his view of terrain. If the te r
When joining contour fines, the er

must uti
along the slopes is curved smoothly, th4e topo-
grapher should join his contours wit smooth
convex or concave curves to depict tile terrain.
Relatively straight and angular slopes are re-
flected by more or less straight contour lines.
Slopes with nwnerous small drains should be
contoured using lines with indentations at the
proper locations to show this condition. This
method of contouring should continue as the
lu.evey progresses. In addition to the sketching,
the topographer should constantly be alert for
any additional key points around him that may
.)e used for future contouring. These points are

492

45.794
Figure 15-19. Cliff.

included in the survey and marked to be used
at some future setup.

When contouring, it must be remembered that
stream and ridge lines have a primary in-
fluence on the direction of the contour lines,
and that the slope of the terrain controls the
spacing of the contour lines. Contour lines cross-
ing a stream follow the general direction of
the stream on both sides, then cross the stream
in a fairly sharp V that points upstream. Also,
contour lines curve around the nose of ridges
in the form of a U pointing downhill and cross
ridge lines at approximately right angles.
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45.796
Table I5-1.Recommended Contour Intervals Topographic Map

,

TYPES-OF-TOPOGRAPIIIC-MAP. NATURE OF TERRAIN
RECOMMENDED
CONTOUR INTERVAL
IN FT.

LARGE SCALE

Flat 0.5 or 1

Rolling 1 or 2

Hilly 2 or 5

INTERMEDIATE SCALE

Flat 1, 2, or 5

Rolling 2 or 5

Hilly 5 or 10

SMALL SCALE

Flat 2, 5, or 10

Rolling 10 or 20

Hilly 20 or 50

Mountainous 50, 100, or 200

INTERPOLATING CONTOUR
LINES

In the examples of ,interpolation previously
given, a single contour line was interpolated
between two points of known elevation, a known
horizontal distance apart, by mathematical com-
putation. In actual practice, it is usually neces-
sary to interpolate more than one line between
a pair of points, and large numbers of inter-
polations between many pairs of points are
required. Mathematical computation for the loca-
tion of each line would be time consuming,
and would be used only in a situation in which
contour lines had to be located with an unusually
high degree of accuracy.

For most Ordinary contour-line drawing, one
of several 'rapid methods of interpolation is
used. In each case, it is assumed that the slope
between the two points of known elevation is
uniform.

Figure 15-22 illustrates the use of an engi-
neer's scale to interpolate the contours at a 2-ft
interval between A and B. The difference in
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elevation between A and B is between 11 and
12 ft. Select the scale on the engineer's scale
which has 12 graduation'S for a distance which
comes close to matching that between A and B
on the map. In figure 15-22, this is the 20 scale.
Let the 0 mark on the 20 scale represent 530.0
ft. Then the 0.2 mark on the scale will repre-
sent 530.2 ft, which is the elevation of A. Place
this mark on A, as shown.

If the 0 mark on the scale represents,530.0
ft, then the 11.7 mark must represent 530.0 +
11.7, or 541.7 ft, which is the elevation of B.
Place the scale at a convenient angle to the
line frFA to B, as shown, and draw a line
from the 11.7 mark to B. You can now project
the desired contour line locations from the
scale to the line from A to B by drawing lines
from the appropriate scale graduations (2, 4,
6, and so on) parallel to the line from the 11.7
mark to B.

Figure 15-23 illustrates a graphic method
of interpolating contour lines. On a transparent
sheet (tracing cloth is excellent for the purpose),
draw a succession of equidistant parallel lines.

15 3
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Figure 15-20. Plotting detail and contouring.

Number the lines as shown in the left margin,
fhe 10th line being number 1, the 20th number

and so on. The interval between each pair of
adjacent lines, then, represents OA ft.

Figure 15-23 shows how you can use this
sheet to intekpolate contour lines at a 1-ft
interval between point A and point B. Place
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-CONTOURS

DEPRESSION CONTOUR

,STREAM

2

BOUNDARY OR RIGHT-OF.WAY LINE --

PAVED ROAD

UNPAVED OR GRAVEL ROAD

TRAIL
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BRIDGE

BOX CULVERT SUE
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SHORELINE

DEPTH CURVE
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8 -------

45.41.4.0
Figure 15-21. Commonly used map symbols.
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Figure 15-22. Interpolating
a scale.

contour

the sheet on the map so that the line which
represents 1.7 ft (elevation of A is 500.0 + 1.7,
or 501.7 ft) is on A, and so thattthe line which
represents 6.2 ft (elevation of B is 600.0 + 6.2,or 506.2 ft) is on B. You can see how you can
then locate the 1-ft contours between A and B.

For a steeper slope the contour lines would
be closer together. If they were considerably
closer, you might find it advisable to give the
lines on the lined sheet different values, RS
indicated by the numerals in the right-hand
margin. Here the space between each pair of
lines represents, not 0.1 ft, but 0.2 ft. Points
A' and 8' have the same elevations as points
A and B, but the fact that the horizontal dis-
tance between them is much shorter shows that
the slope between them is much steeper. You
can see how the 1-ft contours between Al and 8'
can be located, using the line values shown in
the right margin.

Still a third method of rapid interpolation
involves the use of a rubber band, marked off

45.412 in apPropriate equal decimal intervals. Thelines with band is stretched so as to bring the appropriate
graduations on the points.

LOCATING TOPOGRAPHIC DETAILS

When the stations (or "control points," or0
3

"instrument points") ,have been horizontally and
12 vertically located, the next major step in a

topographic survey is to locate the details in
the vicinity of each_stationThese_details_consist-of (1) all features, either natural or artificial
(man-made), which will appear on the map, and
(2) enough ground points and spot elevations to
make the drawing of contour lines possible.

You could locate details horizontally by
transit-tape and vertically by differential level-
ing; but this would be a time-consuming process
requiring the chaining of many distances and
the taking of many levels. Consequently, detail
location is usually done either by transit-stadia
or by the still more rapid plane-table procedure.

LOCATING DETAILS
SG BY TRANSIT-TAPE

The same procedure used for tying in, as0

explained earlier in previous chapters, is used
for locating details with the transit and tape.
The detail is located by directions and distances

45.413 or a combination of both. A method or a corn-Figure 15-23. Graphic method of interpolating bination of methods which requires the leastcontour lines, time in a particular situation must be used.
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The dimensions of structures such as buildings
are measured directly with tapes. If details
arenumerous, each_one_rnay_be assigned a
number in the sketch and keyed TO- a lfiCor
sorne sort to avoid overcrowding, and azimuths
are used for directions instead of deflection
angles to minimize confusion. The following
methods, which are self-explanatory, are com-
monly used for locating details.

1. By angle and distance from transit stations.
2. By angles from two transit stations.
3. By distances from two known peints.
4. By an angle from one station and distance

from another.
5. By swing offsets andrange ties.

LOCATING DETAILS
BY TRANSIT-STADIA

The method of determining horizontal dis-
tance and elevation by stadia is explained in
chapters 11 and 14. Figure 15-24 shows a field
note for locating topographic details by transit-
stadia. The details shown by number in the sketch
on the "remarks" side are listed by number in
the =hum headed "Obj." on the data side. On
the data side you see, first, that the instrument
station- -was- statiom _Di_ Below this the entry
"BS, A, angles rt." means that the direalion of
each detail point from Di is given in terms of
the horizontal angle, measured to the right,
between the line from Di to A and the line from
Di to the detail point.

For example: to determine the direction of
point 1, the transit telescope was trained on
A and the zeros were matched. The telescope
was then turned right to train on point 1, and
the horizontal angle (300 10') was read.

In the third line from the top on the data side
you see "El. 532.4, H.I. 4.8." This means-that
the elevation of Di is 532.4 ft, and the vertical
distance between D 1 and the line of sight through
the telescope is 4.8 ft.

For the horizontal distance and elevation of
each point, a level rod was set up on the point,
and the transit telescope was trained on the
4.8 graduation on the rod.. With the telescope
thus trained, the vertical angle between t and

the observed point, as indicated by the horizontal
crosshair, could be read on the vertical circle.
At the same time, the rod intercept, as indicated
by the stadia hairs, was read. The rod intercept
was entered in the column headed "Rod Int.;"
and the vertical _angle in the next column, with

each vertical angle marked minus or plus as
appropriate.

From the rod intercept and the vertical angle,
-thehorizontal- distance(enteredjn the fifth
column) and difference in elevation (sixth column[
were determined from a "stadia reduction table."
Figure 15-25 shows the page from such a table
which apPlies to the data for point 1. in figure
15-24. For this point the vertical angle is - 30
26', and the rod intercept is 6.23 ft. In the table,
under 30 and opposite 26', you see that the
multiplier for horizontal distance is 9964, while
that for difference in elevation is 5.98. Ignoring
focal distance, the horizontal distance is 6.23 x
99.64, or (to the nearest foot) 621 ft. The dif-
ference in elevation is 6.23 x 5.98, or 37.3 ft.

To these the corrections for focal distance,
given at the bottom of the page, should be added.
For an instrument with a focal distance of 1 ft
you add 1 ft to the horizontal distance (making

a total horizontal distance of 622 ft) and 0.06 ft

to the difference in elevation, which makes that
difference round off at - 37.4 ft.

In the first column on the "remarks" side
the elevation of each point is entered, computed

as follows. For point 1 the elevation Is the
elevation of the instrument station D (which

is 532.4 ft) minus the difference in elevation
(37.4 ft), or 495.0 ft. You subtracted the dif-
ference in elevation in this case because the

-vertical-angle-you-read _for point 1 was negative.
For a positive vertical angle (as in the cases
of points 12 through 17) you add the difference

in elevation.
If you knew the azimuth of DIA, you could

indicate your directions in azimuths instead Of

in angles right from DIA. Suppose, for example,

that the azimuth of Di A was 26° 10'. You would

train the telescope on A and set the horizontal
limb to read 26° 10'. Then when you trained on
any detail point, you would read the azimuth

of the line from Di to the detail point on the

horizontal limb.

LOCATING DETAILS
BY PLANE TABLE

Before the method of locating details by
plane table is described, some further informa-
tion about the plane table alidade (which was
briefly described in chapter 9) must be men-
tioned. The telescope on an alidade is similar
in most respects to that on a transit. It has a
Aelescope level vial and vertical motion tangent
Tcrew for bringing the telescope to an exact
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Figure 15-24. Notes for locating topographical details by transit-stadia.

hdrtzontal. However, the mechanism for meas-
uring vertical angles is different from that on a
transit.

With plane table equipment you can plot
details directly on the map in the field. Some
of the advantages over the transit-stadia method
are (1) the map is made while you are surveying
right at the area, (2) observed irregular lines
can be sketched in, (3) field notes and their
reduction are unnecessary, and (4) much less
time is required to produce a map. Some dis-
advantages are (1) more time in the field is
required, (2) bad weather will hold everything
up, though the same weather might not hold
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up a transit-stadia crew, (3) control must be
plotted in advance for precise work, (4) dis-
tance must be scaled if a length is to be taken
from the map, (5) many more items, some of
them awkward to handle, must be transported,
and (6) it takes considerably more time for
a man to become proficient with the plane
table.

The procedure for plane-table plotting of
the details shown in figure 15-24 is roughly as
follows. You take into the field a sheet of
plane table paper of suitable size, on which
the control traverse (the line through DI to
A) is already plotted to suitable scale. Naturally
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Minutes

0* 1. 2 3

Hor.

dirt..

Diff.

elev.

Hor.

diet.

Dift.

elev.

Hor.

diet.

Dili.

elev.

Hor.

dist.

Diff.

elev.

0 100.00 0.00 99.97 1.74 99.88 3.49 99.73 5.23

2 100.00 0.06 99.97 1.80 99.87 3.55 99.72 5.28

4 100.00 0.12 99.97 1.86 99.87 3.60 99.71 5.34

6 100.00 0.17 99.98 1.92 99.87 3.66 99.71 5.40

8 100.00 0.23 99.96 1.98 99.88 3.72 99.70 5.46

10 100.00 0.29 99.96 2.04 99.86 3.78 99.69 5.52

s

12 l00.09 0.35 99:96 2.09 99.85 3.84 99.69 5.57

14 100.00 0.41 99.95 2.15 99.85 3.90 99.68 5.63

16 100.00 0.47 99.95 2.21 99.84 3.95 99.68 5.69

18 100.00 0.52 ,99.95 2.27 99.84 4.01 99.67 5.75

23 100.00 0.58 99.95 2.33 99.83 4.07 99.66 5.80

22 100.00 0.64 99.94 2.38 99.83 , 4.13 99.66 5.88

24 100.00 0.70 99.94 2.44 99.82 4.18 99.65 5.92

26 99.99 0.76 99.94 2.50 99.82 4.24 99.84 5.98

28 99.09 0.81 99.93 2.56 99.81 4.30 99.63 6.04

ao 99.99 0.87 99.93 2.62 99.81 4.36 99.63 6.09

32 99.99 ' 0.93 99.93 2.67 99.80 4.42 99.62 6.15

34 99.99 0.99 99.93 2.73 99.80 4.48 99.62 6.21

36 99.99 1.05 99.92 2.79 99.79 4.53 99.61 6.27

as 99.99 1.11 99.92 2.85 99.79 4.59 99.60 6.33

40 99.99 1.16 99.92 2.91 99.78 4.65 9959 6.38

42 99.99 1.22 99.91 2 97 99.78 4.71 99.59 6.44

44 99.98 1.28 99.91 3.02 99.77 4.76 99.58 6.50

46 99.98 1.34 99.90 3.08 99,77 4.82 99.57 6.56

48 99.98 1.40 99.90 3.14 99.76 4.88 99,56 6.61

50 99.98 1.45 99.90 3.20 99.76 4.94 99.56 6.67

52 99.98 1.51 99.89 3.26 99.75 4.99 99.55 6,73

54 99.98 1.57 99.89 3.31 99.74 5.05 99.54 6.78

58 99.97 1.63 99.89 3.37 99.74 6.11 99.53 6.84

58 99.97 1.69 99.88 3.43 99.73 5,17 99.52 6.90

so 99.97 1.74 99.88 3.49 99.73 5.23 99.51 6.96

(;...0.75 0.75 0.01 0.75 0.02 0.75 0 03 0.75 0.05

C7-..1.00 1.00 0.01 1.00 0.03 1.00 0.04 1.00 0.06

C...1.25 1.25 0.02 1.25 0.03 1.25 0.05 1.25 0.08

45.45.13
Figure 15-25.-- Horizontal distances and elevations from stadia readings.
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you use the same scale to lay off horizontal
distances on the map.

Attach the paper to the table, and set up_the
table so that DI on the paper is directly over
DI on the ground. With the edge of the alidade
blade on DI and the telescope trained on A,
orient the table so as to bring DI A on the paper
in line with the edge of the blade. Carefully
level the table, and then check to ensure that
the _ telescope -is still- -trained-on- 4ithat -the
edge of the blade is still in Iine with DIA on
the paper, and that DI on the paper is still
directly over D1 on the ground.

Next carefully measure the vertical distance
between the horizontal line of sight through
the telescope and the ground level at DI . Let's
say this distance is 4.5 ft. This means that,
whenever you sight on a rod, you will line up
the horizontal crosshair with the 4.5-ft gradua-
tion on the rod.

Assuming that your alidade is equipped with
a Beaman stadia arc (some alidades are other-
wise equipped), the procedure for plotting point
1 of figure 15-24 is as follows. With the edge
of the alidade blade exactly on DI on the paper,
train the telescope on a rod held on point 1.
and line the horizontal crosshair ur6 with the
4.5-ft mark on the rod.

You read a rod intercept of 6.23 ft, which
means a slope distance of 623.0 ft. On the H
scale of the Beaman arc you read three-tenths
of one percent; you'll have to estimate this
less-than-one-percent reading. The horizontal
distance, then, is three-tenths of one percent
less than the slope distance, or 623.0 ft -
(623.0 x 0.003 ft), or 623.0-- 1.87, which-rounds

. off to the nearest foot at 621 ft. Add a focal
distance of 1 ft, and you get the 622 ft shown
in figure 15-24.

On the V scale you read 44. You know that
the value you use is the difference between what
you read and 50, which in this case is 6. There-
fore, the difference in elevation 'is 6% of the
slope distance, or 623.0 x 0.06, or 37.4 ft.
Because the vertical angle was negative, the
difference is subtracted. The elevation of point
1, then, equals the elevation of DI (532.4 ft)
minus 37.4 ft, Of 495.0 ft.

To plot the horizontal location of point 1,
measure off 622 ft from DI (to the scale of the
drawing, of course) along the blade of the alidade,
mark the point and label it, and write in the
elevation. Many topographers mark the point
with the decimal point in the elevation.
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BEAMAN STADIA ARC

The .Beaman stadia arc is a specially gradu-
ated arc on the vertical scale of the transit,
figure 9-36, or on the planetable alidade, figure
15-26. The Beaman arc on the transit is also
known as the STADIA CIRCLE. These arcs are
used to determine distances and differences in
elevation by stadia without usintvertical tingles

-and-without tfa1iif-tro5166, diagrams or the stadia
slide rule. A stadia arc has no vernier, but
readings are indicated by index Marks.

The stadia arc shown previously- in figure
9-36, is the MULTIPLIER type (vertical index
at zero); that is, the observed stadia distance
is multiplied by the "Hor" stadia arc reading
to get the horizontal distance, or the stadia
distance is multiplied by the "Ver" stadia arcreading to obtain the vertical distance from
the center of the instrument to the point sighted
on 1.he rod. This vertical distance, combined
witiFthe H.I. and the rod reading, will give the
difference in elevation between the instrument
station and the point where the rod is held.

The stadia arc shown in figure 15-26 is
called the horizontal scale SUBTRACTION type
(vertical index at 50.) The use of this type to
obtain a horizontal distance and difference in
elevation is explained in the following sections.

Horizontal Distance by Beaman
Stadia Arc (Subtraction Type)

The H scale gives you a percentage which
you can apply to an inclined stadia shot with
the alidade to get the corresponding horizontAl
distance from the slope ci:stance. Suppose that
with the telescope inclined (that is, at a vertical
angle other than 0°), you read an intercept of2.45 ft on the stadia rod. The slope distance;

29.266M
Figure 15-26.Vertical angle scale and Beaman

stadia arc on an alidade.
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then, is 2.45 x 100, or 245 ft. What is the
corresponding horizontal distance? You read
tlw graduation indicated by the Beaman arc
indicator on the H scale, and find that the
reading is 5. This means that the, horizontal
distance is 5% less than the slope distance, or
245 ft - (0.05 x 245 ft), or 245 12.25, or
232.7 ft.

Difference in Elevation by Beaman
Stadia Arc (Vereal Index at 50)

The V scale on the Beaman arc is used to
determine the difference in elevation between
the elevation of the line of sight through the
telescope (that is, the H.I.) and the elevation of
the point you sighted on the level rod. Note
that when the telescope is horizontal, the V
scale on the Beaman arc reads 50. This arrange-
ment makes the use of minus values unnecessary
when you are sighting With the telescope at a
negative vertical angle. To read the V scale,
you take the difference between 50 and whatever
you read on the scale, and apply this difference
as follows to determine the difference in eleva-
tion.-

Suppose that when you made the shot pre-
viously described (in which you read 5 on the
H scale), the reading on the V scale was 71.

In practice it is the custom to shoot the rod
at a point which will give you an even reading
on the V scale.

Because the reading was 71, the value you
will use is 71 - 50, or 21%. This in turn means
that the difference in elevation between the H.I.
and the point you sighted on the rod is 21% of
the slope distance. The slope distance in this
case was 245.0 ft; therefore, the difference in
elevation is 245.0 x 0.21, or 51.45 ft.

A

TOPOGRAPHIC SPECIFICATIONS

The scale and contour interval of the map
for which you are surveying will be specified.
These vary according to the purpose for which
the map will be used. Obviously, a map which
will be used for the rough design planning of
a rural dirt road will be on a smaller scale,
and have a larger contour Interval, than one
.vhich will be used to guide constructors who

ire to erect a structure on a small tract in a
built-up area.

The extent to which details must be shown
may also be specified; if it isn't, it is usually
inferred from the purpose of the map.. The
same applies to the accuracy and precision with
which instrument points, details, and contour
lines must be located.

The NAVFAC publication Drawings and Speci-
fications, DM-6, contains general sPecifications
for maps prepared under NAVFAC auspices.
The following guidelines suggest the nature of
typical map specifications.

A map should present legibly, clearly, and
concisely a summation of all informationpertinent
to the use for which it is made, such as planning,
design, construction, or record.

Topographic maps for preliminary site plan-
ning should preferably have a scale of 1 in. = 200
ft and a contour interval of 5 ft. Such maps
should show all topographic features and struc-
tures, with particular attention given to boundary
lines, highways, railroads, power lines, grave-
yards, large buildings or groups of buildings,
shorelines, docking facilities, large rock strata,
marshlands, and wooded areas. Secondary roads,
small isolated buildings, small streams, and
similar minor features are generally of less
importance.

Topographic maps for detailed design for
construction drawings should delineate all physi-
cal features, both natural and man-made, in-
cluding underground structures.Scales commonly
used are 1 in. = 20 ft, 1 in. = 40 ft, and 1 in. =
50 ft. Customary contour interval is 1 ft or 2 ft,
depending on the character and extent of the
project and the nature of the terrain. Besides
contour lines, any spot elevations required to
indicate surface relief should be shown.

Additional detail features which are usually
required include;

1. Plane coordinates for grid systems, grid
lines, and identification of the particular system
or systems.

2. Directional orientation, usually indicated
by North arrow.

3. Survey control, with ties to the grid system
if there is one. (This means that the principal
instrument stations from which details were
locateo should be indicated in a suitable manner.)

4. All property, boundary, or right-of-way
lines, with identification.
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5. Roads and parking areas, including center-

line location and elevation, curbs and gutters,
and width and type of pavement.

6. Airport runways, taxiways, and apron pave-ments, including centerline locations with profile
elevations, and width and type of pavement.

7. Sidewalks and other walkways, with widthsand elevations.
8. Railroads, including center line location,

top-of-rail elevations, and any turnouts or cross-overs.
9. Utilities and drainage facilities, such aspower, gas, telephone, water, sanitary sewer,and storm sewer lines, including locations of allvalve boxes, meter boxes, handholes, and man-holes, and the invert elevations of sewers andappurtenances.

10. Locations, dimensions, and floor (usually
first floor) elevations of all structures.

A uniform system of symbols is used-to indi-
cate various types of details. Some commonly
used symbols are shown in figure 15-21. Every
map must have a title block, and title blocks,
tOo, must follow uniform standards. Four dif-
ferent types of sample title blocks for NAVFAC
maps are shown in figure 15-27.

The precision with which horizontal and verti-cal control must be established may be speci-fied. If not, it may be inferred from the purposeof the map. NAVFAC usually specifies that for
a highway location map BMs be established at
intervals of from 1000 to 1500 ft, as well as at
bridge sites, intersections, and culvert sites.
Level error of closur_Le in feet, must come to
not more than 0.05 A/ M where M is the length
of the level run in miles. By NAVFAC definition,this amounts to third order precision. For
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horizontal control the equivalent would be a
ratio of error of closure not to exceed 1/5000.

For detail location, both horizontal and verti-
cal accuracy may be specified. A typical re-
quirement for horizontal accuracy is that a
planimetric feature ,on a map must be plotted
within one-fiftieth of an inch of its true position

on the map. A typical requirement for vertical
accuracy is that the elevation of any contour
point must be correct within one-fifth of the
contour interval. The accuracy of the locations
of contour lines may be checked by comparing
two profiles, one scaled from the map, and the
other run over the ground by differential leveling.

(

:) .1 ,
--- l
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Chapter 16ENGINEERING SURVEYS.0.
branches on which you are likely to stand. Dif-
ferent kinds of wood vary greatly in strength.
Oak, hickory, and elm trees, which have strong,
flexible wood, are safer for climbing than (for
example) poplar, catalpa, chestnut, or willow,
which have soft or brittle wood. Limbs of all
trees become brittle at low temperature mean-
ing that they break more easily in cold weather
than they do in warm. Dead branches, or those
containing many knots or fungus growths, are
usually weak.

-When ,standing on a limb, have your feet as
close to the parent trunk as -possible. Climb
with special care when limbs are wet or icy.
Wearing goggles when working in bushy trees
may prevent eye,,injuxy. Before climbing a tree,
ascertain whether any overhead, wires pass
through its foliage. If you must take a position
in a tree within reach of live Wire, place some
sort of insulating safety equipment between your-
self and the wire. Do not allow tree limbs to
contact live wire, because moisture in a limb
may cause a short circuit.

If you require cutting tools to clear a working
space in a tree, haul them up with a handline,
and lower them back down by the same device.
Tools should never bp thrown up into a tree or
down onto the ground7

541

UNDERGROUND AND
OVERHEAD LINES
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Any below-street structure with an access
opening (such as a manhole or a transformer
vault) should be protected by a barrier or other
suitable guard when the cover to the access
opening is removed.

CROSSING ICE

Do not cross ice unless and until you are
certain it will support your weight. Both the
thickness and the nature of ice are important
in determining its carrying capacity.

Because part of the supporting power of ice
Is derived from the water below it, a layer of
ice which is in contact with the water surface
is safer than one below which the water surface
has fallen away.

An ice layer usually becomes thinner over
cuxrent, near banks of streams or lakes, over
warm springs, and over swampy ground. Rotten
ice (which can be identified by its dull color
and honeycomb texture) has little supporting
power. Only light, clear ice is reliable.
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ENGINEERING SURVEYS

An engineering survey forms the first of a
chain of activities wh!ch will ultimately lead to
a completed structure of some kindsuch as a
bridge, a building, or a highway. An engineering
survey is usually subdivided into (1) a "design
data" survey, and (2) a "construction" survey.

A typical design data survey is a "route"
survey, which is itself subdivided into (1) the
"reconnaissance" survey, (2) the "preliminary
location" survey, and (3) the "final location"
survey.

A construction survey is usually dhrided into
(1) the "layout" or "stakeout" survey, and (2)
the "as built" survey.

The techniques involved in the establishment
of horizontal and vertical control, are explained
in separate chapters. In this chapter a general
descs,iption of a few common engineering-survey
procedures are presented. There are a good
many different varieties of construction projects,
and no attempt can be made to refer to them all.
In general, however, an engineering survey is
most frequently concerned with the construction
of a road/highway, a public utility (such as a
sewer, power, oi gas line) or a structure such
as a building or a bridr.

HIGHWAY SURVEYS

How extensive the field and office work for a
highway sufvey will be depends on the magnitude
and complexity of the job. Some phases of the
work may lie done either in the field or in the
office, and the choice here, and the exact pro-
cedures to be followed in all phases of the work,
will be influenced by the number of men available
and by the experience and capabilities of each.

FIF; LD K

The extent to which data is already available
is the Important factor in determining what field
operations must be performed. The design and

construction of a highway through an unmapped
wilderness would probably require a reconnais-
sance survey, a preliminary location survey,
a final.location survey, and a construction survey.
At the opposite extreme, a long-established
Navy base (for example) might Ldready have well-
marked horizontal and vertical coLtrol networks
and up-to-date topo maps availabl-a. In a case
of this kind, neither a reconnaissance nor a pre-
liminary survey might be required. The road
could probably be designed on the 'basis of the
already-existing design data, and the field work
would begin with the final location survey.

Reconnaissance Survey

A reconnaissance surveiprovides data which
enables desi engineers to study the advantages
and disadvan es of a variety of routes, and
to determine which routes are feasible. You
begin by procurVng all eXisting maps which show
the area to be reconnoitered. In reconnaissance,
the study of existing maps is as important as
the actual field work. The study of such maps
(and of aerial photographs, if any) often elimin-
ates an unfavorable route from further considera-
tion, thus saving the reconnaissance field party
much time and effort.

Contour maps give essential information ,on
the relief of an area. Aerial photographs provide
a quick means for preparing sketches and over-
lays valuable to a field party. Direct air observa-
tion gives an overview of an area which speeds
up subsequent ground reconnaissance, whether
the region is already mapped or not.

Begin the study of a map by marking the limits
uf the area to be reconnoitered and the speci-
fied terminals to be connected by the highway.
Note whether or not there are any already-
existing routes. Note ridge lines, water courses,
mountain gaps, and similar control features.
Look for terrain which will permit moderate
grades without too much excavafing-, simplicity
of alignment, and good balance of cuts and fills

;
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(meaning, a profile arrangement which makes
it possible to- fill depressions with cut taken
from nearby high places).

Mark routes which seem to, fit the situation,
and which therefore should be feconnoitered in
the field. From the map study, determine grades,
estimate the amount of clearing required, and
locate routes which will keep excavation to a
minimum by taking advantage of terrain condi-
tions. Mark stream crossings and marshy areas
as possible locations for fords, bridges, or
culverts.

The reconnaissance field party will follow
the route or routes previously marked during
the map study. Field reconnaissance presents
the opportunity for checking the actual condi-
tions on the ground, and for noting any dis-
crepancies in the maps or aerial photographs.
Make notes of soil conditions, availability of
construction materials (such as sand or gravel),
unusual grade or alignment problems, and re-
quirements as to clearing and grubbing. Take
photographs or make sketches of reference points,
control points, structure sites, terrain obstacles,
landslides, washouts, or any other unusual cir-
cumstances.,

A reconnaissance survey party usually car-
ries lightweight, not-overly-preeise instruments.
Directions and angles may be determined by
compass. Approximate elevations may be deter-
mined by aneroid barometer or altimeter. An
Abney hand level (clinometer) may be used to
estimate elevations and to project level lines.
Other useful-,items are pocket tapes, binoculars,
pedometer and pace tallies, cameras, watches,
maps, and field notebooks.

It is important to keep design considerations
in mind while running a reconnaisiance survey.
Remember that future operations may require
the further expansion of the route system pre-
^ently being designed. Locate portions of the
new route, whenever possible, along already-
existing roads or trails-.-Locate on stable, easily
drained, high-bearing-strength soils. Avoid
sw:rn.-,e, marshes, low-bearing-strength soils,
sharp curves, and routes requiringlarge amounts
of earth-moving.

Keep the need for bridges and drainage
structures to a minimum. When the tactical
situation permits, locate roads in forward combat
zows they will be cuncealed and pro-
tected from enemy fire.

rhe i epurt tunieu in by the reconnaissance
field party must be as complete as possible,

-A-II/ides the major data which makes

504

the selection of the most feasible route or
routes -possible.

Preliminary Survey

A preliminary survey is a more detailed
study of one or more routes tentatively selected
on the basis of a reconnaissance survey report.
It consists essentially of the surveying and
mapping of a strip of land along the centerline
of a tentatively selected route.

In a preliminary survey you run a traverse
(sometimes called a "P-line" or "survey base
line"), establish bench !kirks, record topo-
graphy, run profiles, and take cross-sections.
For many projects, the preliminary survey may
be conducted by etransit party alone. For others
there may be three or more parties, as, for
example: a transit party, a level party, and a
topographic party.

The preliminary survey may be plotted while
the party is in the field. This practice provides
a more accurate representation of the terrain,
reduces the possibility of error, and enables
you to resolve doubtful situations while you have
the actual terrain under observation. However,
on the basis of complete data (notes,.sketches,
and the like), office personnel can prepare plots
of the surveyed lines and grades.

Final Location and Construction
Layout Survey

The final location (usually called just the
"location") ancl construction layout surveys are
named together because they constitute a ,con-
tinuous operation. The location survey consists
of establishing the approved layout in the field.
It is an instrument survey and it provides the
alignment, grades, and locations which will-guide
the constructors. It consists of setting stakes
to mark the limits of earthmoving operations,
to locate structures, and to establish final grades
and alignments. Part of this is location, part of
it is construction layout, and the continuous oper-
ation goes on from the setting of stakes prior to
any construction work right through to the end of
the actual construction.

Prior to the final location survey, office
studies consisting of the preparation of a map
from preliminary survey data, projection of a
tentative alignment and profile, and preliminary
estimates of quantities and costs arc made and
used as guidance for the final location phase.
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The final location in the field is carefully estab-
lished by the transit party using the paper loca-
tion prepared from the preliminary survey. The
centerline may vary from the paper location due
to objects or conditions that were nOt previously
considered, but these changes should not be
made by the surveyor without the authority of
the engineering officer. Stations are marked;
levels are run; and grades established. All con-
struction lines are based on the final,centerline.

The surveyors must be ahead of the con-
struction activity, both time-wise and distance-
wise, to avoid delays in the work. Details of
stakeout procedures are explained later in this
chapter.

PRINCIPLES OF HORIZONTAL
CURVES

As you know, the basic layout of a highway is
composed of a series of connected straight lines
(an open traverse). A change in horizontal direc-
tion is the point of intersection (P.I.) of two
straight lines. If you were to just follow these
intersecting straight lines in the actual con-
struction of the highway, the changes in direction
would be too abrupt and the road would be unsafe
for modern, high speed vehicles. It is, therefore,
necessary to interpose circular curves between
them to smooth out the highway. With the intro-
duction of these curves, these straight lines are
called "TANGENTS."

Practically all modern highway curves are a
combination of transition spiral curves and circu-
lar curves. The radius determines the sharpness
or the flatness of a spiral curve. In modern, high
speed highways, we prefer very flat curves, whicl
have greater Tadius. To make vehicle travel
even more safe and comfortable on highways,
transition spiral curves or easement curves are
introduced just before and after the circular
curves.

In highwork work, the curves needed for
the location or improvement of small secondary
roads may be worked out in the field. Usually,
however, the horizontal curves are computed
after the route has been selected, the field
surveys have been done, and the survey base
line and necessary topographic features have
been plotted. In urban work, the curves of
streets are designed as an integral part of the
preliminary and final layouts which are usually
done in the drawing room. In highway work, the
road itself is the end result and purpose of the
design; but in urban work tfii streets and their
curves are of secondary importance, and the
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best utilization of the building sites is of pri-
mary importance.

The design of the curve consists principally
of selecting the length of the radius or "degree
of curvature," (explained later). This selection
is based on such considerations as the design
speed of the highway and the sight distance as
limited by headlights or obstructions (see fig.
16-1). Typical radii which you may encounter
are 40,000 feet on an interstate highway, 1,000
feet on a major thoroughfare in a city, 500 feet
on an industrial access road, and 150 feet on a
minor residential street.

Type of Horizontal Curves
There are four types of horizontal curVet.

They are:
1. Simple. The simple curve is an arc of

a circle (view A, fig. 16-2). The radius of the
circle determines the sharpness or flatness of
the curve.

2. Compound. Frequently, the terrain will
necessitate the use of the compound curve. This
curve normally consists of two simple curves
joined together, both curving in the Same direc-
tion, (view B, fig. 15-2).

3. Reverse. A reverse curve consists of two
simple curves joined together, but curving in
opposite directions. For safety reasons, this

EADLIGHT SIGHT DISTANCE

OBSTRUCTION

OBJECT

45.339
Figure 16-1. Lines of sight.
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A SIMPLE CURVE

\\\\ / #

/

C REVERSE CURVE

/
B COMPOUND CURVE

45.797
Figure 16-2.Horizontal curves.

curve should not be used unless absolutely neces-
sary (view C, fig. 16-2).

4. Spiral. The spiral is a curve which has a
varying radius. It is used on railroads and most
modern highways. Its purpose is to provide a
transition from the tangent to a simple curve

-ietween oimple curves in a compound curve
(view p, fig. 16-2).
Elements of a Simple Culve

Dua lag the prelimiliary survey for a highway,
it is customary for the surveyor to number the
stations from the beginning of the project, for-
ward. For example: 0 + 00 indicates the be-
ginning of the project; 15 + 52.96 would indicate
a point, 1,552.96 feet from the beginning. A
fun statirm Is 100 feet. 15 + 00 and 16 + 00 are
full 'stations. A plus station indicates a point
betv,een stations. 15 4- 52.96 is a plus station.
Horizontal curve is introduced whenever the
~lute* rhances direction so that it is important
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SPIRAL CURVE

that you must know the elements of this curve
and how to compute for an element when other
elements are given. The elements of a simple
curve are shown in figure 16-3, an explanation
of each element follows-.

PI POINT OF INTERSECTION. The point of
intersection is the point where the back
and forward tangents intersect. It is in-
dicated by the initials PI. It is one of the
stations on the preliminary traverse.

I The INTERSECTING ANGLE. The inter-
secting angle is the deflection angle at the
PI. Its value is either computed from the
preliminary traverse angles or measured
in the field. It is indicated by the initial

The RADIUS. The radius is the radius of
the circle of which the curve is an arc.
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82.158
Figure 16-3. Elements of a simple curve.

FIC The POINT OF CURVATURE. The point
of curvature, indicated by the initials
PC, is the point where the circular curve
begins. The back tangent is tangent to the
curve at this point.

POC POINT ON CURVE. This is any point
along the curve and is indicated by the
initials POC.

PT THE POINT OF TENGENCY. The point
of tangency is the end of the curve. It is
indicated by the initials PT. The forward
tangent is the tangent to curve at this
point.

THE LENGTH OF CURVE. The length
of curve is the distance from the PC to
the PT measured along the curve.

T THE TANGENT DISTANCE. The tangent
distance is the distances along the tan-
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gents from the PI to the PC or PT. These
distances are equal on a simple curve.

The CENTRAL ANGLE. The centralangle
'is the angle formed by ,two radii drawn
from the center of the circle (0) to the
PC and PT. The central angle is equal
in value to the I angle. Some authorities
call both the intersecting angle and dentral
angle either I or P.
LONG CHORD. The long chord is the
chord from the PC to the PT.

E EXTERNAL DISTANCE.. The external dis-
tance is the distance from the PI to the
midpoint of the curve. The external dis-
tance bisects the interior angle at the PI.

MIDDLE ORDINATE. The .middle ordinate
is the distance from the midpoint of the
curve to the tnidpoint_o,f the long chord.



3 V

ENGINEERING AID 3 & 2

The extension of the middle ordinate bi-
sects the central angle.

DEGREE OF CURVE. The degree\ of
curve defines the "sharpness" or "flâtc
ness" of the curve. There are two defini-\
tions commonly used for degree of curve.
(See fig. 16-4.) They are:

1. Arc Definition. The arc definition states
that the degree of curve is the angle formed by two
radii drawn from the center of the circle (Point
0, fig. 16-3) to the ends of an arc 100 feet long. In
this definition the degree of curve and radius are
inversely proportional. For example. D:360°::
Arc:Circumference. Substituting D = 1°, we obtain
10:36n:100:21TR or 1:3600 :: 100:6.283185308R,
therefore R = 36,000 6.283185308 = 5729.58 feet.
If the degree of curve is 5 degrees, the radius is
1145.92 feet. As the degree of curve increases the
radius decreases. It should be noted that for a
given intersecting angle or central angle, all of the
parts of the curve are inversely proportional to
the degree of curve, when usingthe arc definition.
This definition is used primarily for highways.

2. Chord definition. The chord definition states
that the degree of curve is the angle formed
by two radii drawn from the center of the circle
to the ends of a chord 100 feet long. The radius
is computed by the formula 50/Sin 1/2 D = R.
Assuming D to be 1 degree and substituting in the
formula we get: 50/Sin 00 30' = 50/0.0087265355

using the chord definition. The chord definition
is used primarily on railroads in civilian prac-
tice, and is used by the military for both roads
and railroads.

CHORDS. On curves with long radii, it is
impractical to stake the curve by locating the
center of the circle and swinging the arc with a
tape. These curves are laid out by staking the ends
of a series of chords (fig. 16-5). Since the ends
of the chords lie on the circumference of the
curye, the arc is then defined in the field. The
length of the chords will vary with the degree
of curve. To reduce the discrepancy between
the are distance and chord distance, the following
chord lenths are commonly used:

0 p 3° degree of curve-100 feet
over 30 6,8° degree of curve-50 feet
over 80 to ifi° degree of curve 25 feet
over 16° degr of curve-10 feet

The chord length above are the maximum
distances in which the discrepancy 1)etween the
arc length and chord length will fall within the
allowable error for taping, which is .02' per 100
feet on most mistruction surveys. Depending
upon the terr:.in and the needs of the project
foreman, the curve may be staked out with
shorter or longer chords than the recommended.

DEFLECTION ANGLES. The deflection angles
are the angles between a tangent and the ends

= 5729.65 feet. If D is 5 degrees, the radius is--) of 'chords, from the PC. They are used to locate
1146.28 feet. Notice that the larger the degree 4, the direction in which the chords are to be laid
of curve, the "sharper" the curve and the shorter VAIL The total of the deflection angles is always
the radius. However, the radius and degree of equal to on half the I angle. This total serves
curve ARE NOT inversely proportional when 4s a check on the computed deflection angles.

IOU'

A. ARC DEFINITION B.CHORD DEFINITION

45.799
Figure 16-4. Degree of curve.
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Simple Curve Formulas

The following formulas are used in the com-
putation of a simple curve. All of the formulas
apply to both the arc and chord definitions
except those noted.

5729.58 (Arc Definition)

50

(1)

R = siw-2 (Chord Definition) (2)

T = R tan 1/2 I (3)

L = 100(Exact for the arc deflection.) (4)

The distance around the chords for the chord
definition.

PC = PI - T

PT = PC + L

E = R Exsec 1/2 I

E = T tan 1/4 I

R
R

1)

(5)

(6)

(7)

(8)

(3)

(10)

(11)

M = R - (R cos 1/2

M = R Vers 1/2 I

Deflection angles.

Exact for arc definition. Approx-
imate for the chord definition. This
formula gives an answer in degrees.

2. 0.3 CDExact for the arc
definition. Approximate for the chord
definition. This formula gives an an-
swer in minutes. (This is No. 1
above multiplied by 60 to get result
in minutes.)

3. Sine of deflection angle -
2 R

Exact for chord definition.

(12)

LC = 2 R sin 1/2 I (13)

PI

45.800
Figure 16-5. Deflection angles.

Solution of a Simple Curve

To solve a simple curve, three elements
must be known. Two of these elements must be
the PI and I angle. Normally the third part will
be the degree of curve which is given in the
project specifications or computed using one of
the elements which has been limited by the
terrain.

The PI and I angle are normally determined
on the preliminary traverse for the road, but may
also be determined by triangulation when the PI
is inaccessible.

In any situation three parts must be known,
the point of intersection, the intersecting angle,
and the degree of curve, before the complete
curve can be computed. Assume that the follow-
ing is known: PI = 18 + 00, I 750,, and D = 15°.
The curve is solved by both the arc and chord
definitions as follows:
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Arc Definition

5729 58 5729.58
R

D
=

15°
381.97

T = R Tan 1/2 1
T = 381.97 x 0.76733 = 293.10
PI - T = PC

18 + 00 = PI
293.10 = T

15 + 06.90 = PC
L = 100 VD
L = 100 x 12- = 500'
PC + L = PT
15+ 06.90 = PC

500.00 =
20+ 06.90 = PT
E = 11 Exsec 1/2
E = 381.97 x 0.26047 = 99.49
M = R Vers 1/2
M = 381.97 x 0.20665 = 78.93
LC = 2 R sin 1/2
LC = 2 x 381.97 x 0.60876 = 465.06

Chord Definition

50 50R = Sin 1/2 D 0.13053
T = R Tan 1/2 I
T = 383.05 x 0.76733 = 293.93
PI - T = 'PC

+ 00 = PI
293.93 T

15 + 06.07 = PC
L = 1.00 MD

75L = 100 x --= 500'15
PC + L = PT
15+ 06.07 = PC

500.00 = L
20+ 06.07 = PT
E I Exsec 1/2 1
E = 383.05 x 0.26047 = 99.77
M = R Vers 1/2 I
M = 383.05 x 0.20665 = 79.16
LC 2 R Sin 1/2 I
LC = 2 x 383.05 x 0.60876 = 466.37

= 383.05

Since the degree of curve is 15 degrees,
the chord length would normally be 25 feet as
stated earlier. However, the following computa-
Hong will be based on a staking interval of 50'.
It is customary for the first stake after the
PC i$ placed at a plus station divisible by
the chord length. The centerline of the road is
nnr-,1P*- oaked at Intervals of 50 or 100 feet

51-0

between curv ... By placing the first stake after
the PC at a plus station divisible by chord
length, the stationing does not confuse the level
party when profile levels are run on the center-
line. The first stake after the PC for this
curve will be at station 15 + 50, therefore the
first chord length or subchord will be 43.10
feet for the arc definition and 43.93 feet for
the chord definition. Similarly there will be a
subehord at the end of the curve from station
20 + 00 to the PT. This chord will be 6.90 feet
and 6.07 feet for the arc and chord definitions
respectively. The subchord at the beginning
is designated Cl and the end, C2 (fig. 16-3).

After the subchords have been determined,
the deflection angles are computed, ushig the
formulas given above. Technically, the for-
mulas for the arc definitions are not exact for
the chord definition; however, when a one-
minute transit is used in staking the curve, they
may be used for either definition. The deflec-
tion angles are:

Arc Definition

= 0.3 CD
= 0.3 x 43.10 x 15° = 3° 13.95'

d2 = 0.3W x 6.90 x 15° = 0 31.05'

Chord Definitioh

= 0.3 CD
di = 0.3 x 43.93 x 15° = 30 17.685'
d2 = 0.3 x 6.07 x 15° = 0° 27.315'

The deflection angle for each chord of 50
feet is computed and found to be 0.3 x 50 x 15 =
30 45'. Since there are 9 chords of 50 feet, the
sum of the deflection angles for 50-foot chords is
9 x 30 45 = 330 45'. A convenient method of
calculating the full chords is to remember that
the deflection angle equals 1/2D for 100-foot
chords; 1/41) for 50 feet; and 1/8D for 25
feet.

The sum of di , d2 , and the deflections for""
the full chords are:

Arc Definition Chord Definition

= 3° 13.95'
d2 = 0° 31.05'
d5c= 33° 451

= 3" 17.685'
d2 = 27.315'

= 33° 45.00'
Total 37° 30.00' Total 37 30.00,

Note that the total of the deflection anglet.
is equal to one-half of the I angle. If the tota
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deflection dues not equal one-half of 1, a mistake
has been made in the calculations. After the
total deflection has been decided, the angles
are determined for each station on the curve.
In this step they are rounded off to the least
reading on the instrument to be used in the field.
For this problem assume that a one-minute
instrument is to be used. The deflection angles
are then:

Arc Definition

Station

PC 16+ 06.90

Chord Deflection angle

15+ 50 C1 43.10 d1 3°14'
16+ 00 50 6°59'
16+ 50 50 10°44t
17+ 00 50 14° 29'
17+ 50 50 18°14'
18+ 00 50 21°59'
18+ 50 50 25°44'
19+ 00 50 29° 29'
19+ 50 50 33°14'
20+ 00 50 36° 59'

PT 20+ 06.90 C2 06.90 37° 30'

Chord Definition

Station

PC 15+ 06.07
15+ 50

Chord

C1 43.93

Deflection angle

1:11 3°18'
16 + 00 50 7°03'
16+ 50 50 10°48'
17+ 00 50 14° 33'
17 + 50 50 18°18'
18+ 00 50 22° 03'
18- 30 50 25' 48'
19+ 00 50 29° 33'
19+ 50 50 33° 18'
20- 00 50 37° 03'

PT 20+1)6.01- C; 6.07 37° 30'

Note that the deflection angle for each station is
an accumulative total.

conqhtrison of the two definthuns will show
a difference in the tangent distance, radii, and
deflection angles. Although the lengths are the
same,- the length on the arc definition is the actual
arc distarke while the length un the chord defini-
tion is around the chords.
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The curve that was just solved had an I angle
and degree of curve whose values were whole de-
grees. Whea the I angle and degree of curve con-
sist of dcgrees and minutes, the procedure in
solving the curve does not change, but care must
be taken in substituting these values into the for-
mulas br length and deflection angles. For exam-
ple: I 42°15', D = 5°37'. The minutes in each
angle must be changed to a decimal part of a
degree. Tc obtain the required accuracy they
should bt converted to five decimal places. An
alterhate intthod for computing the length, is to
convert the I avgle and degree of curve to minutes,
thus, 42'15' = 2,535 minutes and 5°37' = 337
minutes. Subatituting into the length formula gives;

L = 100 x 337
2535 - 752.23 feet.

This method gives an exact result. By converting
the minutes to a .decimal part of a degree to
nearest five places, the same 'result is obtained.

Since the total of the deflection angles should
be one-half of the I angle, a problem arises when
the I angle contains an odd number of minutes
and the instrument used is a one-minute transit.
Since the PT is normally staked prior to running
the curve, the total deflection will be a check
on the PT. Therefore, it should be computed to
the nearest 0.5 degree. If the total deflection
checks to the nearest minute in the field it can
be considered to be correct.

The computation of simple curves is simpli-
bed by the use of tables. The use of tables for
this purpose is explained thoroughly in EA 1 &C.

Simple Curve Layout

To layout the simple curve (arc definition)
Just computed above, the usual procedure is as
follows:

1. With the instrument at the PI, the instru-
mentman sigl.o on the preceding PI or at a
distant station and keeps the chainman on line
while the tangent distance is measured to locate
the PC. After the PC has been staked, the in-
strument is then trained on the forward PI and
the PT is located.

2. The instrument is then set up at the PC
and the angle from the PI to the PT is measured.
This angle should be equal to one-half. the I
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angle; if not, either the PC or PT has been
located in the wrong position.

3. With the first deflection angle (r 14/) set
on the plates, the instrumentman keeps the chain-
\man on line as the first subcfibrd distance

,43.10') is measured from the PC.

4. Without touching Ithe lower motion, the
second deflection angle (60 59') is set on the
plates. The chainmen measure the chord from
the previous station while the instrumentrnan
keeps the head chainman on line.

5. The succeeding stations are staked out in
the same manner. If the work is done correctly,
the last deflection angle will point on the PT
and the distance will be the subchord length
(6.90') from the last station prior to the PT.

When it is impossible to stake out the entire
curve from the PC, an adaptation of the above
procedure is used; Stake out the curve as far
as possible from the PC. If for some reason,
a station cannot be seen from the PC, move the
transit forward and set up over a station along
the curve. Pick a station for a backsight and,
set the, deflection angle for that station on the
plates. Sight on this station with the telescope
in the reverse position. Plunge the telescope
and set the 'remainder of the stations as if the
transit was set over the PC. If the setup in the
middle of the curve has been made and It is
still impossible to set the next stake due to some
obstruction, the remainder of the curve can be
"backed In." To back in a curve, occupy the
PT. Sight on the PI and set 1/2 the I angle on the
plates. The transit is now oriented so that if the
PC is observed the plates will read zero, which

is the deflection angle shown in the notes for
that station. The curve stakes can then be set
in the same order shown in the notes or in the
reverse order. Remember to use the deflection
angles and- chords from the top of the-column
or from the, bottom of the column. Although it
has been set up as a method to miss obstruc-
tions, the backing in method is very widely used
as a method of laying out curves. The method
is 'to proceed to the approximate midpoint of
the curve by laying out the deflection angles and
chords from the PC and then laying out the
remainder of the curve from the PT. By using
Lms method, any error in the curve is in the
center where it is less noticeable.

TN, methods ot laying out curves with various
obstruction problems are explained in EA 1 & C.

OFFICE WORK

After the type and general location of a
highway have been decided and after the neces-
sary design data have been obtained in the field,
there are a number of office tasks to be per-
formed. 7...se tasks include:

a. Plotting the plan view.

b. Plotting the profile.
c. Plotting the alignment.
d. Designing the gradients.
e. Plotting the cross-sections.
f. Determining end-areas.
g. Computing volumes of cut and fill.

These operations may be repeated one or
more times as trial designs are developed and_
then revised or discarded. For highway plan
and profile we can 'Opt on the same sheet.
State Highway Departmentand Bureau of Public
Roads (13.P.R.) used Standard Form called "Fed-

-eral Aid' Plan Profile Sheet." Figure 16-6 shows
a plotted highway plan and profile view. Plotting
cross-sections is-discussed later in this chapter.

Plotting the Plan View

Plotting the plan view of 'a highway is similar
to plotting a traverse, except for the introduction
of the curves and curve data. The important
elements of the curve, such as the PI, I, D and
the like, which are necessary for curve compu-
tation are shown in the form of notes at each
curve point. (Se,e the plan view, fig. 16-6.) As
you can see in -the drawing, topographic details
are also included.

Profile Plotting._

Profile plotting is usually done on regular
"profile paper,"Tconsisting of paper ruled with
horizontal ancV vertical parallel lines as shown
in figure-16-6. Vertical lines are spaced 1/4 in.
or 4/2 in. apart;_ horizontal lines are spaced
1/20 or 1/10'in. apart. In figure 16-6 the vertical
lines on the original- paper (reduced in size for
reproduction in this book) were 1/4 in. apart.
On the original paper there was a horizontal line
at every 1/20 in. interval: ior the sake of
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Figure 16-6. Plan and profile for a highway.

clarity, only those at every 1/4-in, interval
have been reproduced.

the first consideration in profile plotting
is to select suitable horizontal and vertical
scales for the profile paper. The suitability
of scales varies with the character of the
ground and other circumstances. In figure 16-6
the horizontal scale used was 1 in. = 400 ft
and the vertical scale used was 1 in. = 20 ft

35+00

(reduced in size for reproduction in this book).
Normally, to facilitate plotting, the chosen scales
must be proportional numbers in multiples of
ten suc'l as those given above (H, 1" = 400' and
V, 1" = 20'). The stations and elevations may
be written as shown in figure 16-6.

The profile is usually plctted from profile
level notes, though it may be plotted from
elevations obtained from contour lines. Assume
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that profile level notes indicate the following
centerline elevations at the following stations
from 5 + 00 through 15 + 00.

Station Elevation (ft)

5 + 00 411.9
6 + 00 415.0
7 + 00 417.8
8 + 00 412.0
8 + 75 406.9
9 + 00 411.0

10 + 00 413.2
10 + 50 413.5
11 + 00 415.9
12 + 00 417.3
13 + 00 423.0
13 + 80 412.0
14 + 00 402.0
15 + 00 418.2

As you can see, an elevation was taken at
every full station, and also at every plus where
there was a significant change in elevation. You
can see how important it is to follow this last
procedure. If an elevation had' not been taken
at 8 + 75, the drop which exists between 8 + 00
and 9 + 00 would not show on the profile.

If you check through the listed elevations,
you will see how each of them was plotted as a

,point located where a vertical line indicating the
station intersects a horizontal line indicating
the elevation of that station. Note, too, that it
is the custom to label the stations where the line
crosses highv ays, streams, and railroads.

Besides the profile of the existing terrain,
the iertical tangents of the proposed highway
centerline have been plotted in. The end-elevation
for each of these (that is, the elevations of
the P.V.I.'s, or points of vertical intersection)
were determined by the design engineers. Various
circumstances were considered, one of the im-
portant ones being to facilitate as much as
possible the filling of each depression with an
approximately equal volume of cut taken from a
nearby hump, or from two nearby humps.

The gradient, in terms of percentage of
slope (total rise or fall in feet per 100 horizontal
feet), is marked on each of the vertical tangents.
This percentage is computed for a tangent as
Lollows. For the tangent running from station
6 + 00 to station 18 + 00 the total rise is the
aifference in elevation, or 417.0 - 413.3, or
+3.7 ft. The horizontal distance between the

stations is 1200 ft. The perdentage of slope,
then, is the value of x in the equation

1200.0 100
'

or 0.31%.3.7 x

For a tangent running from station 18+00 to
station 26 + 00, the total slope downward is the
difference in elevation, or 412.0 - 417.0, or
-5.0 ft. The distance between the stations is
800 ft. The percentage of slope then, is the value
of x in the equation

800 100 , or -0.62%.

Types of Cross-Sections

Figure 16-7 shows a typical design cross-
section. As you can see, just about everything
you need to know to construct the highway (in-
cluding the materials to be used and their
thicknesses) is given here.

However, this design section is a section of
the completed highway. For the purpose of stake-
out and for earth-moving calculations, the cross-
section line of the existing ground at each
successive station must be plotted and the design
data cross-section (typical section of the highway)
is then superimposed.

Figure 16-8 shows a simplified cross-section
of a 40-ft wide highway. The elevation of the
existing surface is 237.4 ft all the way across;
therefore this is what is called a "level" sec-
tion. Finished grade for the highway at this
station (that is, the proposed centerline elevation
for the finished highway surface) is 220.4 ft.
The presoribed "side-slope ratio" is 1.5:1
that is, a horizontal unit of 1.5 for every 1 unit
of vertical rise.

'Because the ground line across the cross-
section is level and the side-slope ratio the
same on both sides, the horizontal distance from
the centerline to the point where the side-slope
will meet the natural surface will be the same
on both sides. A "slope stake" is driven at
this point to guide the earth-movers. The hori-
zontal distance from the centerline to a slope
stake can be computed by processes to be
explained later.

In the case of this cross-section you know
(1) the width of the highway, (2) the side-slope
ratio, and (3) the proposed finished grade. Be-
sides this, all you need to know to set slope
stakes is the ground elevation of the slope-stake
point on each side. As this elevation is the same
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45.375
Figure 16-7. Typical design cross-section.

237 4' 237 4'

45.376
Figure 16-8.-- Level section in cut.

on both sides in tMs case, only a single level
shot for elevation is needed. For this reason,
a section of this kind is called a one-level (or,
for short, just a ley :,1) section. Because the entire
sectional area consists of material to be excavated
or CUT, it is called a SECTION IN CUT.

In the section shown in figure 16-9 the ground
line across the section is sloping rather than
level. Therefore, to plot this section you would
need three different elevations: one for the left
slope stake, one for the centerline grade stake,
and one for the right slope stake. If these three
leyels are taken, such a section is called a
three-level section in cut. If additional levels
are taken midway between the centerline and
the slope stake on either side, it is criled a
five-level section in cut. In either case it is a
section "in cut" because the entire cross-
section area consists of cut.
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Ditch depth
vanes-9"min.,

I 30 max.

Level, three-level, and five-level sections
are called regular sections.

Figure 16-10 shows it level section in fill;
figure 16-11 shows a three-level section in
fill. The section shown in figure 16-12, con-
sisting Tartly of cut and partly of fill, is called
a side-hill section.

When a more accurate picture of cross-
sections than can be obtained froth regular sec-
tions is desired, irregular sections are taken
and plotted. For an irregular section you take,
besides the regular levels, additional levels oa
either side of the centerline. You take these at
set intervals and at major breaks in the ground
line.

Cross-sections may be preliminary or final.
Preliminary cross-sections (from the P-line
or survey base line) are irregular sections which
are plotted before the finished grade has been
determined. They may be obtaiaed by levels run

244 6'

2374'

\
220 4'

247,5'

45.377
Figure 16-9. Titree level section in cut.
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Figure 16-10.Level section in fill.

217 5' /
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I

215 /

GROI.M10

45.381
Figure 16-11. Three level section in fill.

45.382
Figure 16-12. Side-hill section.

In the field, or by elevations picked off contour
lines on a topo map.

Final cross-Sections are sections of the
finally designed Iroad. They may be prepared
in the same manner as preliminary sections,
or they may bej regular sections plotted from
field data obtain d after the finished grade has
been set. The term "final" cross-section is also
applied to as-built or "pay" sections taken after
construction is completed.

Plotting Cross-Sections

Cross-sections are usually plotted on cross-
section paper, which comes either in rolls or
sheets. It is ruled into 1-in, squares with heavy
orange or green lines, and with lighter lines
into 1/10 in. squares. Crosi-section paper is
commonly called 10" x 10" paper.

Plot each cross-section separately and below
each plot show the station number. Place the
first cross-section at the top of a sheet and
continue downward until all the sections have
been plotted. Two or more sections may be
plotted on the same sheet. In a major highway
project, cross-sections are "plotted in a con-
tinuous roll of cross-section paper. Some sur-
veyor's prefer to plot the cross-sections from
bottom to top of the paper. They may also prefer
to record cross-section notes in the same manner.
If you follow these methods of plotting and
recording, you 'are properly oriented mith the
actual direction of the highway, that is, your
left is also towards the left of the highway; it
is also the left of the cross-section notes and
the plotted cross-section. Really, it does not
matter which way to follow as long as you are
properly oriented at all times.

Unlike profile plotting, in cross-section plot-
ting it is often the case that the same scale is
used for both vertical and horizontal distance.
Common scales are 1" = 5' and 1" = 10'. When
sections are shallow, however, it is best to
exaggerate the vertical scale, making it from two
to ten times the horizontal scale.

For the centerline for a row of sections use
one of the heavier vertical lines on the paper,
far enough away Irom the margin to ensure that
no plot will run outside the limits of the paper.
Note the depths indicated for the first section
to be plotted, and select a iforizontal line for
the base which is far enough Akelow the top
margin. Mark this with the base elevation. Then
lay off the horizontal distances of the section
surface elevations on either side of the center-
line, and plot the elevations according to the level
data. Finally, connect these plotted points by
using a straightedge or freehand-drawn lines.

Figure 16-13(A) shows cross-section notes
for the existing ground along a proposed road.
In figure 16-13(B) the sections at station 11 + 00
and 11 + 43 have been plotted. The field party
took, for each station, the ground elevation 40
ft to right and left of the centerline, For each
station, however, the centerline distance of the
intermediate elevations varies. Therefore, these
are irregular sections.
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For both of the stations plotted. the H.I. was
76.70 ft. For the point 6 ft left of centerline at
station 11 + 00 you see the 4.2 written below
the 6. This was the rdading obtained from a rod
held on this point. The number 72.5 shown in
bracket right below the number 4.2 is an eleva-
tion of this point. The elevation is obtained by
subtracting from the H,I, the rod reading F.S.
(76.70 - 4.20, or 72.50). You can see this point
plotted in 6 ft to the left of the centerline and at
an elevation of 72.5 ft in figure 16-13(8). Now,

if the notes are reduced in the office, the general
practice is to print the elevations in RED, that
is, the elevation just computed (72.5), will appear
in red in the cross-section notes (view A. of fig.

16-13).
After the road gradients (either preliminary

or final) have been designed, the design data
cross-section may be plotted on the existing
ground line section plot at each station to com-
plete the picture of the end-area as it will exist
in the finished highway. You obtain the finished
grade elevation for each station from the profile.
Plot the finished grade point (usually on the

centerline) at each cross-section. Then draw in
the outline of the pavement surface, ditches,
and cut or fill slopes as they show onAhe typical
design section. Plotting may be done with tri-
angles, but a faster method is to use templates
made of plastic, thin wood, sturdy cardboard,

or other suitable material. Prepare templates
for a cut section, a fill section, and a side-hill
section (which may be flipped over to accommodate
the direction of hillside slope).

The procedures just described are the most
common, and pertain to irregular sections. How-

ever, if regular sections have been taken in the

field after the gradients have- been designed, then
both the existing and the finished surfaces will

be plotted. Field notes for simplified 3-level
sections on a highway axe shown in figure 16-14.
On the data side the profile elevation and the

grade elevation at each station are listed. In the

columns headed "left" and "right" on the re-
marks side, the upper numbers with the appro-
priate letter symbols ("C" for Cut, "F" for

Fill) are the CUTS or FILLS, and the lower
numbers are the distances out from the center.

These values indicate points at which the slope
stakes are driven. If a five-level or irregular
sectir,n is being recorded, the other points must

be written between those for the center and the

slGpc stakes.
These field notes give you coordinates from

.on can plot sections as shown in figure

....
3-r5

16-15. In that figure, only the lines at every 1/4-
in. interval are shown, for purposes of clarity.
The scale, both horizontal and vertical, is 1 in. =

10 ft.; therefore, the interval between each pair

of lines represents 2.5 ft.

The highway is to be 40 ft wide; therefore,
the edge of the pavement will for each plotted
section lie 8 squares (8 x 2.5 = 20) on either side

of the centerline. Figure 16-14 shows that, for
station 305, the left-hand sl6pe stake is located

29.8 ft from the centerline and 8.2ft above grade.
The right-hand slope stake is located 35.3ft from

the centerline and 12.3 ft above grade. You can

see how the locations of these stakes can be
plotted in after you have selected an appropriate
horizontal line for the grade line, and how the

side slopes can then be drawn in.

The ground line at the centerline is 9.3 ft
above grade. You plot a point here,.and then
finish the plot of the section by drawing lines

from the centerline point to the two slope stake

points.
You would plot a 5, level section in exactly

the same way, except for the fact that additional

ground points between the centerline and the
slope stakes would be plotted in.

AREAS OF CROSS-SECTIONS

Suppose that for a highway excavation you
want to know the volume of cut which must be

taken out between two stations. If you know the

areas of the cross-sections at each station and

the horizontal distance between the stations, the

volume of cut amounts to the product of the
average between the end areas ("average end
area") times the distance between the stations.

The easiest way to determine the area of a
cross-section is to run a planimeter around the

plotted outline of the section. Another method

is by "counting the squares" in a plottedsection,

as explained in chapter 5, "Level and Traverse
Computations," EA 1 & C training manual.

Resolving into Triangles

The area of any polygon, regular or irregular,

can be determined by resolving the polygon into
triangles (any polygon can be thus resolved),
solving each triangle for area, and then deter-
mining the sum of the areas.

Take, for example, the plot of station 305+ 00

shown in figure 16-16. Figure 16-17 shows how

this figure can be resolved into two triangles,
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Figure 16-14. Field notes for three-level cross-seetions.

ABH and DFE, and two trapezoids, BCGH and
CGFD. For each of these figures the dimensions
have been approximately determined by the scale
of the plot. The area of each trapezoid equals
the length of the base times the average altitude.
Using this formula, the area of BCGH comes
to 183.0 sq ft, and the area of CGFD comes to
203.0 sq ft. For the area of each of the triangles
you can use the formula, A = v.s(s-a) (s-b) (s-c).
The area of triangle ABH comes to 42.5 sq ft
and the area of triangle DFE comes to 84.4 sq
f. Therefore, the total area of a section of
sta. 305 is 180 + 203 + 42.5 + 84.4, or 509.9
sq ft.

Area by Formula

A regular section area for a 3-level section
can be more exactly determined by applying
the following formula:

A = f (hi + hr) + (d1 + dr)

W in this formula is the width of the high-
way, h1 and hr are the vertical distance of the
left and right slope stakes above grade; d1
and dr are ttie centerline distafices of the left
and right slope stakes; and c is the depth of
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Figure 16-15. Cross-section plots of stations 305 and 306 of highway in figure 16-14.
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Figure 16-16.A cross-section plotted on cross-section paper.

520

/2
353



Chapter 16ENGINEERING SURVEYS

45.685
Figure 16-17. Station 305 + 00 cross-sectional area resolved into triangles and trapezoids.

the centerline cut or fill. Applying the formula
for station 305 + 00, you get:

9 3A = -40(8 2+12 3)+-1--(29 8+35 3)=507.71 sq ft.
4 2

Using the same formula for station 306 +
00 you get 360.88 sq ft. Note that the volume
of cut lying between the stations (which are
presumed to be 100.0 horizontal feet apart)
is inscribed between the plots in figure 16-15.
By average-end-area this works out as follows:

=
507'71+ 360'88

2
x 100= 434.29 x100 = 43429 cu ft.

Earth volume is usually given in cubic yards.
There are 27 cu ft in a Cu yd; therefore, the
volume of cut between 305 + 00 and 306 + 00 in
cu yds equals

43429
27 ' or 1668.48 cu yd.

The sections at stations 305 + 00 and 306 +
00 are sections in cut. From the notes shown in
figure 16-14, however, you can see that the
sections at 308 + 00 and 309 + 00 must be partly
in cut and partly in fill, or "side hill" sections.

The method of plotting is the same, as shown
in figure 16-18. To get the section areas here
you can "count the squares." Each square
represents 2.5 x 2.5, or 6.25 sq ft. There are Figure

----- about 15 squares in the fill area of the section

at 309 + 00, which comes tc. 15 x 6.25, or 93.75
sq ft. There are about 5.7 squares in the cut
area at this station, which makes 5,7 x 6.25, or
35.62 sq ft.

Area of 5-Level or 4r-k
Irregular Section

Figure 16-19 shows notes for two irinular
sections, and figure 16-20 shows the two sections
plotted.

t

...

13-3. . ,

ff

..... 4 ir dO rige '7"7 O tu

,

f1. 4 I F.701,-.7

Jr° : -r r

rill 4.41

2.6,8 r L I

sextorr
I L-4
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45.386
16-18. Plots of side-hill sections 309
and 310 noted in figure 16-14.



I.

ENGINEERING AID 3 & 2

CiF 6's 04-7C770
.5"de a/o

.9 R 1-// hiw4g
e 5

4-/eY a

306 465- 4583

305" 46g3 45-,9

10 ,hvgeep,,

Loc.i-e /eye/ -it" 2 0/2 9 A " . E.A 3 1-1
Pride) rod fit- _I f1 7 ;1/2 4 E e/Y 4,

Ilya ff s free/ rape # 4, &row 4 = c
IC -or o/d

C 54. Cr,e C 6 :3 (- C.9.0 C HO C.2_Z
,'; 6 5- ITT l07-- 00 10.6 ,eae 318
c e.2 C 21.0 _z_Lc v_ c 1 z L C ILI c 12-3
2,96,

.

113 23121.2 1 1 c 10

45.7.13
Figure 16-19. Field notes for irregular sections.

To determine the area of a section of this
kind you can use a method of determining area
by coordina.es. First, you consider the point
where the centerline intersects the grade line
as the point of origin for the coordinates. Vertical
distances above or below the grade line are
positive Y coordinates, vertical distances below
the grade line are negative Y coordinates. A
point on the grade line itself has a Y coordinate
of 0.

Similarly, horizontal distances to the right
of the centerline are positive X coordinates;
horizontal distances to the left of the centerline

are negative X coordinates; and any point on the
centerline itself has an X coordinate of 0.

First, plot the cross section as shown in
figure 16-20. Be sure that the X and Y coor-
dinates have their ploper signs. Then, starting
at a particular point and going successively in
a clockwise direction, write down the coordinates
as follows:

fl 8 .,12 k 1 2 ,, 0
TIM /1777/N -TM -

Then multiply each UPPER term by the ALGE-
BRAIC difference of the FOLLOWING lower
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45.388
Figuile 16-20. -Cross-section plots of stations

305 and 306 noted in figure 16-19.

term and the PRECEDING lower term as indi-
cated ,by the direction of the arrows above. The
algebraic sum of these prodtkcts is the double
area of the cross section. Proceed with the
computation as follows:

8.2 (-21.2 - (-20.0)3
9.1 (-MO - (-29.8)3
7.1 10--(-21.2)]
9.3 (11.1 - (-11,0)]

120 (23.1 - ]
13.4 (35.3 - 11.1]
12.3 ::20.0 - 23.1]

This works out to the following solution for
double area:

8.2 x (-1.2) = -9.8
9.1 x (+18.8) = +171.1
7.1 x (+21.2) = +150.5
9.3 x (+22.1) = +205.5

12.0 x (+23.1) = +277.2
13.4 x (+24.2) = +324.3
12.3 x (-3.1) = -38.1

+1128.6 -47.9
- 47.9
1080.70 sq ft

The double area, then, is 1080.70 sq ft:
therefore, the area is one-half of that, or 540.35
sq. it.

523

By similar method you can compute sta.
306 + 00, we have 408.40 sq. ft. Therefore, total
earth to be removed (or cut) from sta. 305 + 00
to sta. 306 + 00, is

(540.35 + 40840) 100x
2

7f,
or 1756.90 cu.,yds,

LAYOUT/STAKEOUT
PROCEDURES

The design survey is followed by the con-
struction survey, which consists broadly of (1)
the "layout" or "stakeout" suriey, and (2) the
tlas-built" survey:

In a layout survey, horizontal and/or vertical
control boints are located and marked (that is,
"staked out") for the guidance of those who will
do the actual construction work. Details of a
highway stakeout will vary with the type of high-
way being built and the type of equipment used
to build it.

The final alignment as shown on the approved
plans is staked out in the field by transit-tape
survey. The control Is the P-line or survey
base line established in the design data survey..
Curves are Staked out apd the final stationing
is established: Sufficient control points are refer-
enced to perrnit reestablishment at any time of
the centerline.

On tangents (meaning straight-line stretches
with neither horizontal nor vertical curvature),
reference hubs or stakes are usually set on one
side only-of ihe centerline, at 100-ft (or perhaps,
on a wide highway, at 50-ft) intervals. On hori-
zontal and/or vbrtical curves they are set at
closer intervals, and on a horizontal curve
usually on both :Ades of the centerline. On a
small-raditis street-corner curve a hub might
be set at the center of the circle of which the
curve is a part, so that the construction workers
may outline the curve by swinging the radius
with the tape.

Rough Gr ding

The first major step in highway construction
is usually the "rough grading"-that is, the
earthrnoving which is required to bring the
surface up to, or down to, approximately the
elevation prescribed for the "subgrade". The
subgrade is the surface of natural soil on which
the pavement will be laid. Subgrade elevation
therefore equals grade (finished surface) eleva-
tion minus the thickness of the pavement.

111,
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In rough grading the equipment operators
are usually guided by grade stakes, set along
the centerline, and each marked with the vertical
depth of "cut" or "fill" required to bring the
surface to grade elevation. The surveyor must
indicate the station markings and the "cut"
and "fill" directions on stakes. Let's look at
the stakes on the centerline of the road-building
Job. The starting point is the first station in
the stirvey; this station is numbered 0 + 00.
The next station is normally 100 ft farther and
is marked 1 + 00, the third station is another
hundred feet farther and is marked 2 + 00, and
so on. On sharp curves on rough ground the
stakes may be closer together. (See fig. 16-21.)

Generally the station markings face the starting
point. The mark Q, which is also on the side
facing the starting point, is used to indicate
that the stake is a centerline stake.

A "cut" is designated by the letter C, and
the "fill" is indicated by the letter F. Numerals
follow the letters to indicate the amount that

51411..

&TAXIS SET CLOSER INDO

ON CURVES AND HIU.S 7000 -.
ISO . le-

, 6.00
5' 50 ...Er 1.114:7=1"4...

-44=EIX525
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-rm.-;',.
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N.%
73

.26. 4400

.
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.e
3100
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,0 2400

1

1

ROAD UNE

STATION,..
a,

115.67
Figure I6-21.Station markings.
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the ,ground should be cut or filled. The synbol
C-I- indicates that the existing pound be cut
1.5 ft as measured from the reference mark.
rDuring rough grading, the cut and fill are
generally Just carried up to the nearest hal:
toot exact grade elevations are later marked
with hubs (blue tops).] This mark CZ is called
a "crowfoot". The appex of the "V" indicates
the direction of the required change in elevation;
so that a cut is indicated by "I" and a fill is
indicated by "I". Some surveyors generally
mark the grade stake only with a negative or a
positive number and tbe crRwfoot indicating the
cut or fill respectively. In tis training manual
however, the letters "C" ancIVF" are included
for more emphasis for the studer.ts. Figure
16-22 shows a cut stake which also happens to
be a centerline marker. You see that the station
mark is written on the front of the stake and
on the back the construction information. On
other grade stakes other than the centerline
stakes, the construction information should be
on the front and the stationing are written on
the back.

The stake shown in figure 16-23 indicates
that fill operations are to be performed. The
letter "F" at the top of the stake stands for
"fill". The numerals 22 indicate that 2 feet of
fill are required to bring the construction up
to grade.

Some grade stakes indicate that no cutting
or filling is required. Figure 16-24 for example,

_74
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29.79
Figure 16-22. Cut stake.
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v wiry-NT "Ivr lova. If Vi V

29.80(45B)
Figure 16-23.Fill stake (not centerline stake).

29.81
Figure 16-24. Stake on proper grade.

shows a grade stake that is on the proper grade
and also a centerline stake. The word "GRADE"
(or GRD) is on the back of the stake, and the
crowfoot mark may not be indicated, some sur-
veyors prefer to use crowfoot mark in all grade
stakes. If this grade stake is not a centerline
stake the "GRD" mark will be written on the
front of the stake. If the three stakes shown in
figures 16-22, 16-23, and 16-24 were on the
centerline of the same survey construction Job
a road, for instance the shape oi the land to
be graded might look like figure 16-25.

STASMOO

. 1

STAA +$0

lr

115.68
Figure 16-25.A profile of land.

Finish Grading

When you do final grading, you are likely to
work with stakes called "BLUE TOPS". These
are stakes driven into the ground until the top
is at the exact elevation of the finished grade,
as determined by the surveying crew. When
the top of the stake is at the desired finish grade
elevation, it is colored with blue lumber crayon
(keel) to identify it as a finished grade stake.
(Other colors may be used, but_ blue is the
usual color.) This procedure is explained in the
next section.

A common procedure is to set a line of
hubsoffset, when feasible, to avoid displace-
ment during construction work. Beside each
hub a "guard stake" is driven, on which the
data relating to the hub is inscribed. The guard
stake usually shows the station of the hub, and
the elevation of the top of same. The elevation
and station markings may be required only at
station points, otherwise, all that is needed is
the blue top and the guard stake with flagging.

Setting Grade Stakes

Grade stakes are usually set after the center-
line has been laid out and marked with hubs
and guard stakes. They can be -reestablished if
the markers are disturbed. Elevations are usually
determined by engineer's level and level rod.
OnP procedure you can use for setting grade
stakes is as follows.

a. From bench marks, turn levels on the
centerline hubs, or on the ground nekt to a
grade stake, at each station.

b. Reduce the notes so as to obtain hub-top
or ground elevation.

c Obtain the finished grade elevation for
each station from the construction plans.

d. Compute the difference between finished
grade and the hub or ground elevation to deter-
mine the cut or fill at each station.

525
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e. Go back down the line and mark the cut
or fill on each grade stake or guard stake.

The elevations and the cuts or fills may be
recorded in the level notes, or they May be set
down on a "construction sheet" as explained
later in this chapter.

Another procedure may be used which com-
bines the above operations so that computations
may be completed while at each station, and
the cut or fill marked on the stake at once.
As before, levels are run from 13M's; the pro-
cedure at each station is as follows:

a. Determine the ground elevation of station
from the level notes to obtain.HI.

b. Obtain finished grade for the station from
the plans.

c. Compute the difference between the HI
and finished grade; this vertical distance is
called grade rod.

d. Read a rod held on the hub top or ground
point for which the cut or fill is desired. This
rod reading is called "grotmd rod".

e. Determine the cut or fill by adding or
subtracting grade rod and ground rod, according
to the circumstances, as shown in figure 16-26.

f. Mark the cut or fill on the stake.

Still another procedure involves the use of
"blue tops". Thisprocedure--lends.--itseg pri-
marily to find grading operations. It is ca_ rri d

out as follows;

a. Study construction plans and centerline
profiles to determine for each station (1) the exact
profile -elevation, and (2) the horizontal distance
from centerline to the edge of the shoulder.

b. At each station measure the horizontal
distance from centailine te shoulder edge and
drive a grade stake at this point Ora each side.
Sometimes it is advisable to offset these stakes
a few feet to avoid displacement during con-
struction.

c. Set the top of the*stake even with the grade
eleVation, using level and rod. This is accom-
plished by measuring down from the HI a distance
equal to the grade rod (determined by sub-
tracting graae elevationirom the HI). The target
on the rod is set at the grade-rod reading; the

Existing
ground

Finished grade els:vim-A--
SECTION IN CUT

Exishng
ground

_ n

Finished grade
f ti.`1

CuRgrode rod -groand rod

,11,1

Fillxground rod -grode rod

SECTION IN FILL --HI ABOVE FIN, GRADE

iroished orode

HI).

ground rod grade rod

SECT/ON IN FILL --HI BELOW FIN GRADE

45,389
Figure 16-26. Computing cut or fill from grade

rod and ground rod.

rod is held on the top of the stake; and after a
few trial; pie stake is driven into the ground
until the horikontal hair of. the level intersects
the rod level indicated by tit target. Color the
top of a stake with.blue erayo (keel).

d. Where the topS _of stakes cannot be set
to grade because _grade elevation is too far
below or above the ground line, ordinary grade
stakes marked with the cut or fill are set as
in rough grading. However, for final grading it
is usually possible to get a good many "blue
tops".

Where grade stakes cannot be driven, as in
hard coral or rock areas, you must use ingenuity
to set and preserve grade markings in a variety
of conditions. Markings may often be made on
rock itself with a chisel dr with keel.
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Setting Slope Stakes

Slope stakes are set at the intersection of
the planned slope with the original ground; they
indicate the earthwork limits on each side of
the centerline. Minimum areas to be cleared
and, grubbed extend outward about 6 feet from
the Sldpe stakes.

Figure 16,47 shows the approximate arrange-
ment of Arltrious stakes end hubs as they appear
in a final 'grading of a typical highway. Take a
close look at the position of the slope stakes. The
horizontal distance of a slope stake frdm the
centerline varies,,,and to determine what it is
you must know three things:

1. The width of the roadbed, Including widths
of shoulders and ditches, if any/

2. The side slope ratio (expressed in units of
horizontal run in feet per foot of vertical rise
or fall).

3. The difference in elevation between grade
for the highway and the point on the natural ground
line where the slope stake will be set.

In figure 16-28A, d is the horizontal distance
from the centerline to the slope stake, T is the
horizontal distance from the centerline to the
top of the slope, h is the difference in elevation
between finished grade and the ground at the slope
stake, and s is the slope ratio. The product of
h x s gives the run of the slopethat is, the

horizontal distance the slope covers. The hori-
zontal distance (d) of the slope stake from the
centerline, then, equals the sum of 7- plus hs.

For example: suppose thatT is 20 ft, h is 10 ft,
and the bank is a 4:1 slope. Then hs is 10 x 4, or
40 ft, and d equals 20 ft + 40 ft, or 60 ft.

In practice you may have to take other factors
into account, such as transverse slope or cross-
fall of the pavement (sometimes, called the
"crown"), ditches, and so on. In figure 16-28B,
for example, there is a cross-fall (he) across
W,2 so that the run (horizontal distance covered)
of the bank (hbs) is the product of sxhb instead
of hs as in figure 16-2M. The cross-fall is
usually constant, and may be obtained from the
typical design section shown on the plans.

Figure 16-28C shows a cut section in which
W varies with cross-fall, side slope, ditch
2
depth, and back slope. For example: assume
that the distance from the centerline to the be-
ginning of the side slope is 20 ft, that the cross-
fall totals 1 ft, that the ditch depth is 1.5 ft,
and that both the side slope and back slope ratios
are 2:1. The distance then, comprises hori-

2
zontal segments as follows:

a. From centerline to top of slope, which
is 20 ft.

/

Zoi v/ /
4

. /
+C..+C // c2-Ct'

C.) x
oC.

, ,
, , / ccx9, cp-..sc .,.c,

(.04 , ..st.
c,

d"c4s,
..st.

c,

-AY'''. v
4.f ///

115.69(45B)
Figure 16-27. Isometric view of the stake placement.
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Figure 16-28.Computing cut and fill sections

for the proposed roadway.

b. Thence to ditch flow line, which equals
the product of slope ratio (2) times ditch depth
(1.5), or 3 ft.

c. Thence to the point on the back slope
which is level with the finished centerline, which
equals slope ratio (2) times difference in eleva-
tion i.e., cross-fall plus ditch depth, [2 (1 + 1.5)],
or 5 ft.

The total distance in this case, then, is
2

the sum of 20 + 3 + 5, or 28 ft.
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Slope-Stake Party Procedure

Slope stakes are usually set with engineer's
level, level rod, and metallic tape. In rough
terrain, a hand level is generally used instead
of an engineer's level. If the engineer's level
is used, three men are generally employed for
fieldwork, composed of: the instru.mentman, the
rodman, and one to hold the zero end of the tape
at the centerline. When a hand level is used,
two men can take care of the job the instrument-
man also holds the zero end of the tape and
positions himself at the centerline station as
he takes the rod reading. The procedure followed
is a trial-and-error process. kinder field con-
ditions, the rodman is at times as much as 200
or 300 ft away from the instrumentman. If power
equipment is operating nearby, or a wind is
blowing, he caimot give the rodman oral instruc-
tions as to where to take trial shotsin fact,
it is often the case that he does not have a clear
view of the ground slope at the station being
worked.

Consequently, the rodman must know as much
as the instrumentman does about the theory and
practice of setting slope stakes. The speed and
efficiency of the party depend on the rodman more
than on any other member. He must be constantly
mentally alert.

The most practical field procedure requires
that the rodman know the value of and s (Cie

2

slope ratio). This is not difficult, since these
values are usually constant for several stations,
and the rodman can be informed when they
change. A typical procedure for setting slope
stakes is as follows:

a. Instrumentman computes centerline cut or
fill, using HI, finished grade, and existing ground
elevation (refer back to fig. 16-26).

b. Instrumentman calls or signals the center-
line cut or fill to rodman.

c. Rodman mentally computes approximate
value of d, by multiplying h x s .and adding
He pulls the tape taut while holding the tape at
the computed distances out.

d. Notii4 the approximate rise or fall of the
ground, rodman adjusts approximate value of d,
moves to the d point, and sets up the rod for a
trial shot.

e. Instrumentman quickly calculates cut or
fill at this point and calls value to rodman.

f. Rodman compares this with his estimated
cut or fill. He should be fairly close, and know
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at once whether to move toward or away from
the centerline. Having 41much shorter distance
over which to estimate ebund slope, he again
estimates new cut or fill and hs +- and moves2 '
rod to new d value.

g. Instrumentman again gives cut or fill,
and if value checks, rodman calls or signals
back cut or fill and distance.

h. Instrumentman quickly checks the two
values mentally, and if correct, records values
in field book, signaling "GOOD" to rodman.

i. Rodman marks and drives stake.

With practice, a good rodman, on fairly
smooth ground, will seldom miss the first trial
by more than 0.2 ft vertically, and will quite
often hit the correct value on the first trial.

Figure 16-29 illustrates the application of
these procedure to an actual situation. With
regard to this problem, the following data are
kpown:

The station is 15 + 00.
1,V

The (from the typical design section) is 20 ft.
2

The slope ratio is 1:1; therefore, s = 1.
Existing ground elevation at the centerline

(from the previously run profile) is 364.00 ft.
The HI is determined to be 369.30 ft, at that

setup.

The steps taken by iwtrumentman and rod-
man are as follows:

a. Instrumentinan determines centerline cut
by subtracting 350.7' from 364.0' to get cut 13.3'.

b. Rodman holds at centerline for a check.
Rod shou:d read 369.3 (the H.I.) minus 364.0,
or 5.3 ft.

c. Instrumentman calls to rodman, "Cut
13.3."

d. Rodman computes d = 20 + (1 x 1 3.3) =
33.3 as he walks to the left.

e. As he approaches about 30.0 ft from the
centerline, he estimates that the ground has
fallen 4 ft. Therefore, he computes the new cut
as 13.3 - 4.0, or 9.3 ft. This means a new d of
20 + (1 X 9.3) = 29.3 ft.

f. Rodman sets up the rod 29.3 ft from the
centerline, as measured by metallic tape.

z. Instrumentman reads 11).1 on the rod,
and computes new cut as 369.3 - (350.7 + 10.1),
or 8,5 ft. (Note: Here you can also use the
grade rod and ground rod values as explained

earlier; the new cut then will be 18.6 - 10.1 =
8.5 ft; xefer back to figure 16-26).

h. Instrumentman calls, "Cut 8.5" to rodman.
I. Rodman computes d = 20 + (1 x 8.5) =

28.5. He knows, therefore, that 29.3 ft from
the centerline is too far ou'.

J. Figuring that the ground rises about 0.1
ft between 29.3 left and 28.6 left, the rodman
calculates that the more nearly correct cut will
be 8.5 + 0.1, or 8.6 ft.

k. Using this cut, rodman calculates new d
as 20 + (1 x 8.6), and sets rod at 28.6 left.

1. Instrumentman reads 10.0 on the rod, and
computes new cut as 369.3 - (350.7 + 10.0) =
8.6 ft.

m. Instrumentrnan calls, "Cut 8.6" to rodman.
n. Rodman sees that the actual cut of 8.6 ft

agrees with his estimates cut of the same, and
calls, "Cut 8.6 at 28.6" to the instrumentman.

o. Instrumentman checks d = 20 + (1 x 8.6) =
28.6, signals rodman, "GOOD", and enters C
in the field book. 28st

p. Rodman marks a stake with "15 + 00"
and "C 8E'", and drives it in the ground at 28.6
ft left.

More often, slope stakes may be se.. by using
a hand level. Their distances out are generally
measured to the nearest half or tenth of a foot.
If a slope stake is placed in an offset position,
the offset distance is also marked on the stake
in order not to confuse the Equipment Operator
as regards its actual location. Slope stakes are
seldom used in areas requiring less than 2 feet
cut or fill.

Curb and Gutter Stakeout

For a thoroughfare which will have a curb
and gutter, these are usually constructed before
the finish grading is done..The curb constructors
obtain their line and grade from offset hubs
like those described previously. Guided by these,
the earthmovers make the excavation for the
curb, the formsetters set the forms, and the
concrete men pour, finish, and cure the curb.

Once the curb has been constructed, shaping
the aubgrade to correct subgrade elevation and
laying the pavement to correct finish grade is
simply a matter of measuring down the correct
distance from a cord stretched from the top of
one curb to the top of the curb opposite.

Pavement Stakeout
Pavement stakeout will depend on the type of

paving equipment used. Steps in the method
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Figure 16-29.Slope stakes stakeout.

commonly used for paving concrete highways
are (1) setting a double line of steel side forms,
equipped with flanges which serve as tzacks for
;raveling paving equipment, (2) filling the space
between the forms with concrete poured from
a concrete paving machine (commonly called
just a paver), (3) spreading the concrete with a
mechanical spreader which travels on the flanges
of the side forms, and (4) finishing the surface
with a finisher, a machine which also travels
on the side forms.

The line-and-grade problem (that is, the
layout or stakeout problem) here consists prin-
cipally of setting the side forms to correct line,
with the upper edges of the flanges at the grade
prescribed for the highway. If the finished grade
shown on the plans is centerline grade, then the
forms are set with tons at centerline grade less
cross-fall. If the design elevations are shown
for points other than those on the centerline,
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the form elevation is related to the design points
as indicated by the typical section.

Stakeout may be accomplished by aettinga line
or lines of offset hubs, as previoasly described.
Sometimes, however, a line of hubs is driven along
the line the forms will occupy and driven to grade
elevation less the depth of a side form. The forms
are then set to line and grade by simply placing
them on the hubs.

Co.i.irete paving is also done by the slip form
method, in which, instead of a complete double
line of forms, a sliding or traveling section of
formwork is an integral part of the spreading
and finishing, mAchinery. The machinery is kept
on line, and the pavement finished at grade, by
a control device or devices. The line control
device usually follows a wire stretched between
rods which are offset from the pavement edge.

Fortin, are not usually used in asphalt paving.
Asphalt paving equipment, in general, is tlesigned
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to lay the pavement at a giventhickness, following
the fine-graded subgrade surface. The manner
in which a given piece of equipment is kept on
line varies, and the stakeout for equipment varies
accordingly.

UTILITIES SURVEYS.

"Utilities" is a general term applied to pipe
lines (such as sewer, water, gas, and oil pipe
lines), communications lines (such as telephone
or telegraph lines), and electric power lines.
For an above-ground utility (such as a pole-
mounted telephone, telegraph, or power line),
the survey problem consists simply of locating
the line horizontally as prescribed and marking
the stations where poles or towers are to be
erected.. Often the directions of,guys and anchors
may be staked as well, and sometimes pole
height for vertical clearance of obstructions is
determined.

N
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UNDERGROUND UTILITIES

For an underground utility it is often necessary
to determine both line and grade. For pressure
lines (such as water lines) it is usually neces-
sary to stake out line only, since the only grade
requirement is that prescribed depth of soil
cover be maintained. However, it may be neces-
sary to stake elevations for pressure lines being
installed in an area -flthich is to be graded down-
ward, or in which other, conflicting underground
utilities will be constructed.

Gravity flow lines, such as storm sewer lines,
require staking for grade to ensure that pipe is
installed at the design elevation and at the
gradhmt (slope) designed to ensure gravity flow
,through the pipc:.

Grade for an underground pipe is given in
terms of the elevation of the "invert", the invert
being the line of points along the lowest part
of the inner surface of the pipe. Figure 16-30
illustrates a common method of staking out an
underground sewer pipe. Both alignment and
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Figure 16-30.Sewerline stakeout.

531

57



36q

ENGINEERING AID 3 & 2

elevation are facilitated by a line of offset hubs,
set at 25-ft intervals. Adjacent to each hub there
is a guard stake, on which the station of each
hub is marked. The elevation of the- top of the
hub is also given, and the vertical distance from
the top of the hub to grade for the invert Of the
pipe as well.

The horizontal alignment of the hubs gives
the earthmovers their line; they dig the pipe
trench the offset distance away from the line of
hubs. The cut distance marked on each guard
stake tells you how far below the top of the hub
the trench should be cut.

ABOVE GROUND UTILITIES

Above-ground utilities are usually electrical
power or telephone or telegraph communication
lines strung on poles or towers. The location of
the distribution (service) part of one of these
is usually controlled by the locations of the
buildings it servesmeaning that the service
or distribution line will usually follow the streets
on which the buildings are located. for the
transmission part, however, judgment in the
selection of a route is usually required. By
transmission part we mean that part of a line
which carries (for example) high-voltage elec-
trical power from the power plant to points
from which the power is distributed to con-
sumer outlets.

STRUCTURA L S UR VE YS

By a "structural" survey we mean one which
is part of the chain of human activities which
will bring a structure (such as a building, a
bridge, or a pier) into existence.

EARTHWORK

A e is the ease with a highway, the first major
step in the construction of a structure is usually
the rough grading that is, the earthmoving re-
quired to bring the surface of the site up to
or dowt, to the approximate specified rough
grade.

The stakeout for rough grading is commonly
done by the "grid" method. The area to be
graded (which is shown, together with prescribed
finish grade elevations, on the site or plot plan)
is 1.416 o.lf tt1 25-, 50-, or 100-ft grid squares.
The elevation at each corner point is determined,
the diiferet,ee between that and prescribed grade
elevation is computed, and a grade stake, marked

,\ \with the depth of cut or fill, is driven a the
point.

BUILDING STAKEOUT

If the structure is a building, the next major
step after the rough grading is the building
stakeout that is, the locating and staking of
the main horizontal control points of the building.
These are usually the principal corner points,
plus any other points of intersection between
building lines.

The procedure followed varies with circum-
stances. Figure 16-31 illustrates a simple stake-
out situation. In this case the site plan shows
that the building is to be a 40-ft x 20-ft rectangular
structure, located with one of the long, sides
parallel to and 35 ft away from a hasp line,
The base line is indicated at the site and on
the plans by monuments A and B.

One of the short sides of the building is to
lie on a line running from C, a point on AB
15 ft from A, perpendicular to AB. The other
short side is to lie on a similar line running
from D, a point on AB 40 ft from C and therefore
40 + 15, o 55 ft from A.
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Figure 16-31. Building stakeout.
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The steps in the stakeout procedure would
be about as follows:

1. Set up transit at monument A, train tele-
scope on a marker held on monument B, and
have hubs driven on the line of sight, one at
C 15 ft from A, and ,the other at D 55 ft from
A and 40 ft from C.

2. Shift the transit to C, train on B, match
the zeros, and turn 90°L. Measure off 35 ft
from C on the line of sight and drive a stake
to locate E. Measure off 55 ft from C (or 20 ft
from E) and drive another stake to locate F.

3. Shift the transit to D and repeat the pro-
cedure described in (2) to locate and stake
points G and H.

The accuracy of a rectangular stakeout can
be checked by measuring the diagonals of the
rectangle. The diagonals should, of course, be
equal; and you can determine what the correct
length of each diagonal should be by applying
the Pythagorean theorem as shown in figure
16-31.

For a large rectangle it may be more con-
venient to check the accuracy of the stakeout
by ,angular measurement with the transit. For
example: you can determine the correct size
of angle GEH, (let's call GA) in figure 16-31 by
any convenient right-triangle solutionsuch

20as tan oc.= = 0.50000. The angle with tangent
40

0.50000 measures (to the nearest minute) 26°
34'. ThIs being the case, angle FEH should
measure 900 00' - 26° 34', or 63° 26'. The
corresponding angles at the other three corners
should have the same. dimensions. If the sizes
as actually measured vary at any corner, the
stakeout is inaccurate.

It may be necessary to repeat angles to
obtain an angular precision appropriate to the
lengths of the lines being checked.

BATTER BOARDS

The EA locates the corners of the building
and establishes a Temporary Bench Mark (T. B. M.)
from the known Bench Mark (B.M.). This T. B.M.
is located near the construction area in such
a way that it can be used as a reference from
time to time. To mark the general location Of
the structure, stakes or slats are set. These
will guide the initial excavation and rough grad-
ing. However, the stakes will be disturbed or
destroyed during the site preparation and some
more suitable marks must be placed to continue
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the construction work. These suitable marks
are called BATTER BOARDS. They are more
or less temporary devices which support stretched
cords that mark the outline and grade of the
structure.

Batter boards consist of 2" x 4" stakes
driven into the ground and a crosspiece of
1" x 6" lumber nailed to each stake. The stakes
are driven about 3 to 4 feet away from the
building line where they will not be disturbed
by the construction. They are driven far enough
apart to straddle the line to be marked. Note
in figure 16-32, only three stakes are driven
on outside corners, one of them being a common
post for tWo directions. The length of the stakes
is determined by the required grade line. They
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Figure 16-32. Batter boards.
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must be long enough to accept the 1" x 6"
crosspiece to mark the grade. The 1" x 6"
crosspiece is cut long enough to join both stakes
and is nailed firmly to them after the grade has
been established. The top of the crosspiece be-
comes- the mark from which the grade will be
measured. All batter boards for one structure
are set to the same grade or level line. A transit
is used to locate the building lines and to mark
them on the top edge of the crosspiece. A nail
is driven at each of these marked points or a
"V" notch is carved at the top outer edge of
the crosspiece towards the marked point and the
nail is driven on the outer face of the board.
When a string is stretched over the top edge of
the two batter boards and is held against the
nails or against the bottom of the notch, the
string will define the outside building line and
grade elevation.

Sometimes a transit is not available for
marking the buildAng line on the batter boards,
but the corner stakes have not been disturbed.
By stretching a cord over two opposite batter
boards and using plumb bobs held over the
corner stakes, the building line can be trans-
ferred to the batter boards. The cord is moved
on each batter board until it just touches both
plumb bob strings. This position of the cords
is marked and Rails are driven.
Batter boards are set and marked as follows.

1. After the corner stakes are laid out, 2" x
4" stakes are driven 3 to 4 feet outside of each
corner. These are seleeted to bring all cross-
pieces to the same elevation.

2. These stakes are marked at the grade of
the top of the foundation, or at some whole
number of inches, or feet, above or below the
top of the foundation, using a level to murk the
same grade or elevation on all stakes.

3. 1" x 6" boards are nailed to the stakes
so tne top edge of the boards is flush with the
grade marks.

4. The prolongation of the building lines on
the batter boards is located by using a transit
or by using a line and plumb bob.

5. Nails are driven into the top edges of the
batter boards (or notched) to mark the building
line.

CULVEIITS AND BRIDGES

As with other types of layout for construction,
the stakeout of culverts and bridges generally

includes providing line and grade. The pro-
cedures and precision required will vary with
the magnitude and complexity of the job.

Ditches and Culverts

For minor open drains or outfall ditches a
few feet deep, a single line of stakes will serve
for both alignment and grade. By running profile
levels, you can determine the elevations of the
tops of the stakes. As a guide to the construction
workers, mark the cut on each stake to show the
depth of drain below each station.

For drains that are very deep, you will find
it necessary to cross-section the line and set
slope stakes. The grade for a ditch is measured
along the "flow line" that is, along the bottom
of the ditch.

When staking pipe culverts without wing walls
and aprons, the alignment and invert grade are
all that is required. ',/hen head walls, wing
walls-, and aprons are used"ta intercept drainage
water, to retain earthwork, and to prevent erosion,
grade stakes as well as horizontal alignment
stakes will be required. Large bridge-type cul-
verts and box culverts require stakes and hubs
for batter board alignment similar to that for a
building layout.

Figure 16-33 illustrates the stakeout of a box
culvert. The angle at which the culvert will cross
below the roadway or taxiway may be inscribed
on the plans, or it may be protracted from the
plans.

Assume that, this angle is 84° 30%-as shown.
To run the centerline of the culvert, set up the
transit at A and turn the 84° 30' angle from the
centerline of the ta.xiway.

Place reference stakes at 13, C, a, and E,
along the culvert centerline, far enough beyond
the limits of the culvert to ensure that they
are not disturbed by construction work. In this
case, points 13 and D are set arbitrarily at
5 ft (measured at right angles) from the location
of the outside face of the culvert headwall.

To facilitate the stakeout, point h may be
staked. From h the locations of points j and k
may be measured and staked, using for the
distance one-half the length of the headwall as
that length is shown on the plans. Set stakes
at F and G, points directly opposite and on lines
at right angles to the ends of the headwalls.
Set stakes similarly at L and M. Set grade stakes
near 13 and D for the invert or flow line of the
culvert.
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Figure 16-33.Stakeout of a box culvert.

The stakes thus -set are sufficient to locate
the forms for the headwalls and for the barrel
of the culvert. Figure 16-34 shows one of a
number of types of pipe inlet and cu,lvert a
type suitable for picking up side-surfice drains
adjacent to a landing strip or roadWay embank-
ment. Stakes for both horizontal alignment and
elevations are required. Figure 16-35 :Mows the
stakeout of a pipe culvert, wingwall, and apron.

Bridge Substructures

The substructure of a fixed bridge consists
of the end and intermediate supports and their
foundations. Bridge substructures are divided
into two main types of supports: end supports
called "ABUTMENTS!' and intermediate supports
called "BENTS" or'"PIERS."

ABUTMENTS. The ground support at each
end of a bridge is called an abutment. Construction
plans will show the details of the abutments.
Check the layout after excavation and prior to
pouring of concrete. You must check abutment
elevations and, in the case of concrete, establish
lines for setting forms. Abutments must be
staked according to the construction plans, and
distance between abutments must be within steel
fabrication limits, especially for prefabricated
sections. Abutment stakes should be tied to the

37,a-
atmmamaMMEIlb

45.396
Figure 16-34. Ditch inlet and pipe culvert.

horizontal control system to meet these accuracy
requirements.

Following is a typical procedure for surveying
an abutment which is to be at right angles to 'the

centerline of the bridge. In figure 16-36 the
foundation of a concrete abutment, ABDC, is
shown in plan. AB is the face of the abutment
foundation. Establish two convenient points H and
J near the abutment CD, on the bridge centerline.
Set a stake at E (station 41 + 37.50), the station
designated on the plan for the abutment face.

Set up the transit' at E, train on H, match
the zeros, turn 90° angles and locate A and B
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Figure 16-35.Stakeout of a pipe culvert, wingwall and apron.
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. 16-36.Staking a right-angle abutment.
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at the correct distance from E. Reference line
AB by setting stakes at F and G at the indicated
distances from A and B. Set temporary stakes
at C and D to mark the other corners of the

foundation.
Sometimes the alignment of a bridge is not

at right angles ,to the centerline of the stream
or road it crosses. In' a case like this, the abut-
ment is askew (other than a right angle) to
the centerline of the stream or road. Slight
modifications are necessary in staking out an
askew abutment.

Figure 16-37 shows the plan for an askew
near-side abutment of a railroad bridge over a
highway. The outside Line of the foundation is
ABCD. The neat line of the face of the abutment
is MN. Set stakes to define the direction of MN

and ends AD and BC. The stakes P, S, U, R,

V, and T are offset from the abutment so they

will not be disturbed by foundation excavating.
The general procedure is as follows:

a. Take the dimensions for setting neces-
sary stakes from the abutment plans. Set the
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Figure 16-37. Staking an askew abutment.

temporary point 0 at the station location indi-
cated.

b. With the instrument at 0, sight along the
centerline of the railroad, turn the skew angle
(71° 45'), and set the permanent stakes P and R,
and set points M and N.

c. With the instrument at M, sight R, turn
90', and set permanent stakes S and T.

d. With the instrument at N, sight P, turn
900, and set permanent stakes U and V.

The face of the abutment isidefined by P and
R. Stakes S, T, U, and V define the face of the
end forms. When construction begins, set stakes
at A, B, C, and D by measuring from the offset
stakes. (These stakes are knocked out /as the
excavation progresses.)

Concrete for the foundation is poured into
the excavation; if forms are needed for the
foundation, measure distances from the offset
stakes. Set the elevations of the top and bottom
of the foundation from bench marks outside the
excavation area.

When the foundation has been poured to
grade and has had a day to set, mark, temporary
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points on -the top at M and N by measuring 10 ft
plus the distance AM (BN) from the offset stakes
S and U. Check forms by measuring the equal
diagonals MC and ND, Mark pointi denoting
elevation directly on the forms and give the
data to the petty officer in charge of the con-
struction.

After the bridge seat is poured, mark point 0.
After the rear wall has been poured, mark
points defining the girder centerlines: a, b, c,
d, e, and f. These points will be used for the
accurate location of the "bearing plates" which
will support the girders.

ABUTMENT WING WALLS. Figure 16-38
illustrates the stakeout of abutment wing walls.
A typical procedure is as follows:

a. Set up the instrument at B, turn the wing
angle from G; set reference stakes H and 1;
measure distances BH eand BI. Set up at A and
repeat this procedure to establish J and K. Use
reference lines FG, BH, and,AJ to set temporary
stakes marking the corners of the excavation
for the foundation. The procedure previously
described for abutments is then followed. If
abutment or wing-wall faces are battered (in-
clined rather than vertical), lines are established
for both top and bottom.

b. To stake out wing walls for askew abut-
ments to the centerline of a bridge, follow the
procedure previously described for askew abut-
ments. Set up the instrument over N (fig. 16-37);
sight on R; turn the wing angles; set reference
stakes to establish the wing line from N. Estab-
lish the wing line from M in the same manner.

-.. No"1"
II(AR 31104C

45.400
Figure 16-38. -Staidng out abutment wingwalls.
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PIERS. After the centerline of the bridge is
established, locate the piers by chaining if
possible. If chaining is impracticable, locate
the piers by triangulation. Set stakes establishing
the centerline on each side of the river.. Lay out
CD and EF approximately at right angles to the
centerline as shown in figure 16-39. For well-
proportioned triangles the length of the baselines
should equal at least one-half CE. To locate
piers at A and B, the following procedure may
be used:

a. Establish baselines CD and EF and care-
fully reference them.

b. Measure the length of each baseline with
a degree of accuracy commensurate with the
required accuracy of the line CE.

c. Measure all angles of the triangles CDE
and EFC.

d. Compute the distance CE from the triangle
CDE and check against the same distance com-
puted from triangle EFC. The difference in
computed lengths must check within the prescribed
limits of error.

e. Compute angles BDC, ADC, BFE, and AFE.
f. Draw a triangulation diagram, showing

computed angles and distances and measured
angles and distances.

g. Turn the computed angles BCD, ADC, BFE,
and A FE,

3 7 -C

h. Set targets DA and DB on the fax shore'
and FB and FA on the near shore, so that the
intersecting lines can be reestablished without
turning angles. Carefully reference these points.

I. Use two instruments to position piers.
Occupy two points such as C and D simultaneously,
using the intersection of sights CE and DA to
locate the pier. Check the locations of points
A and B within the limits of error by sighting
along CE.

PILES. You may be required to position
piles, record pile-driving data, and mark piles
for cutoff. Figure 16-40 shows points A and 13
established as a reference line 10 ft 'from the
centerline of a bridge. Stretch a wire rope be-
tween points A and B, with a piece of tape or
a wire rope clip at each pile-bent position (such
as C or D).

Locate the upstream pile (pile no". 1) by
measuring an offset of 4 ft from the line AB
at C. A template is then floated into position
and nailed to pile No. 1 alter it is driven. The
rest of the piles are positioned by the template.

If it is impractical to stretch a wire rope
to the far shore, set up a transit at a convenient
distance from the centerline of the bridge, and
position the piles by sighting on a mark located

45.401
Figure 16-39. Method of locating piers.

/
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45.402
Figure 16-40. Method of positioning piles.
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the same distance, from the centerlina of the
template. Before driving piles, you must measure
the length of piles. Measure the distance between
piles by chaining.

During driving, keep a complete record of
the following: location and number of piles,
dimensions, kind of woods total penetration,
average drop of hammer and average penetra-
tion under last five blows, penetration under
last blow, and amount of cutoff. Mark elevations
on the two end piles for nailing two 3-inch by
12-inch planks to guide the saw in cutting the
piles to the specified height..

Bridge-Site Grade Stakes

Elevations are taken from bench marks set
in or near the construction area. Consider
permanency, accessibility, and convenience when
setting bench marks. Set grade ::*akes for a
bridge site in the same manner as the grade
stakes, on any route survey. Make sure that
the senior petty officer in charge of the job has
sufficient information so that he may understand
exactly what method is being used to designate
grade.

CONSTRUCTION SHEETS

Several construction situations have been
mentioned in which line and grade for construc-
tion are obtained from a line (or perhaps from
two lines) of offset hubs. A guard stake adjacent
to one of these hubs usually gives the station
and elevation of the hub, grade for the structure
at that station, and the vertical distance between
the top .of the hub and gracie, marked C or F
as appropriate.

This information is often recorded on a con-
struction sheet (familiarly known as a cut sheet)
like the one shown in figure 16-41.:One advantage
of the use of cut sheets is the fact that the in-
formation applying to every huti is preserved
in the event that guard stakes ake accidentally
displaced. Another advantage is the fact that
reproductions of the cut sheet can be given to
construction supervisors, so that a supervisor
may have all the essential construction data in
his personal possession at all times.

AS-BUILT SURVEYS

The design phase of a construction project
concludes with the preparation of the "working
drawings", reproductions of which will guide

the construction surveyors and the men who do
the actual work of construction.

Jt is not often the case that a finished structure
corresponds exactly to the-original plans in every
detail. Unexpected, usually unforeseeable, diffi-
culties often make variations from the plans
necessary or, occasionally, variations may
occur by accident, which are economically un-
feasible to correct..

The purpose of an "as-built" survey is to
record these variations. T}se as-built survey
procedure .should begin as soon as it becomes
feasible-- Meaning that the actual 'horizontal and
vertical locations of features in the completed
structure should be determined as soon as the
features are erected.

In some cases variations from the original
plans are recorded on new tracings of the work-
ing drawings, on which as-built data is recorded
in the place of the original design data when the
two happen to differ. In other cases, reproduc-
tions of the original drawings are used, with
variations recorded by crossing out the original
design data and writing in the as-built data.

In either case, the term AS-BUILT, together
with the date of revision, is Written in near the
title block.

CONSTRUbTION SITE SAi'ETY
A survey party working at a construction

site is always in a dangerous situation. Where
blasting or logging is going on, inform the
powder crew or logging crew of the location of
the area in which surveyors are working. Also
instruct the men of the survey party individually
to be on the alert at all timesparticularly to
listen for the warning signal given by a powder-
man setting off a charge or a logger felling a
tree.

When surveying near highways, railroads, or
airstrips use red flagging generously, unless you
are working in a combat area. Place flagging
on the legs of your surveying equipment and at
a few places along the tape. Put flags on rods
and range poles. Attach some flagging to your
hat and also to the back of your shirt or jacket.

Think constantly of personal safety when
working near heavy construction equipment. Let
the equipment operators know when surveyors
are in the vicinity. Likewise, alert all members
of the surveying crew, because an equipment
operator's vision is often obscured by dust or
by the equipment itself.

When ascending steep, rocky slopes, do not
climb directly behind another man. If the man
accidentally falls, or loosens a rock, or drops
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Figure 16-41. Typical construction sheet.

something, it might mean serious injury to
anyone directly below him.

EXCAVATIONS

When your' work involves excavation there
are definite precautions to be observed to pre-
vent accidents.

To avoid slides or cave-ins, the sides of
excavations 5 ft or more deep, if they are steeper
thin the "angle of repose" (maximum angle at

'which material will "repose" without sliding),
should be supported 6y substantial bracing, shor-
ing, or sheet piling. Trenches in partly saturated
or otherwise highly unstable soil should be
stabilized with vertical sheet piling or suitable
braces. Foundations of structures adjacent to
excavations should be shored, braced, or under-
pinned as long as the excavation remains'open.
Excavated or other material should not be ac-
cumulated closer than two feet from the edge
of an excavation. In a traffic area use barri-
cades, safety signs, danger signals, red lights,
or red flagging on at least two sides.
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Do not enter a manhole until you are certain
that is is free from dangerous gases. Do not
guess. If there is any question at all as to
whether a sewer is gas-free, wait for clearance
from a competent authority. If necessary, provide
first for thorough ventilation. Do not smoke
in manholes, and if illumination is required,
use only a safety flashlight or lantern.

Avoid contact with ALL electric wiring. Never
throw a metal tape across electric wires if
you must chain across Wiring, do it by breaking
chain. Avoid placing yourself so that you might
fall across wiring in the event of an accident.

When walking, always stay at least two feet
away from the edge of a vertical excavation.
Near thoroughfares or walkways, excavations
should have temporary guardrails or barricades,
and, if permissible, depending on combat condi-
tions, red lights or torches should be kept
alongside from sunset to sunrise.

TREE C LIM BING

Before climbing a tree, ascertain that is is
safe to climb, and note well the condition of

re
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CHAPTER 6

CONSTRUCTION AND LAND SURVEYS

This chapter describes important factors
involving route surveys, stakeout and as-built
surveys, airfield .:...:urveys, waterfront surveys,
earthwork coniputations, and land surveys.
Construction ,surveys were discussed in
Engineering Aid, J&2, and they are presetted,
here from the viewpoint of the party chief.

Land surveying, as described in this chaptet, is
intended to acquaint the EA with procedures
and legal aspects involved in this special type of
survey. Land surveying includes reestablishing
original land boundaries, establishing new
boundaries, and preparation of legal property
descriptions.

Technically spealdng, construction surveying
is engineering surveying. Its primary concern is
the orderly process of obtaining data for the
various phases of construction activities. As
explained in Engineering Aid 3 & 2,
construction surveying is divided into (1) the
"layout" or "stakeout" survey, and (2) Abe,
"as-built" survey. The layout or stakeout survey
includes the reconnaissance survey, the
preliminary survey and the location survey. The
as-built survey consists simply of deterMining
horizontal and vertical locations of points as
they were actually constructed.

The objectives of construction (or engineering)
surveying include:

I. The obtaining of reconnaissance informa-
tion and preliminary data required by engineers
for selecting suitable routes and sites, and for
preparing structural designs.

2. The de-ming of selected locations by
establishing a system of reference points.

3. The guidance of construction forms by
setting stakes or otherwise marking lines, grades,
and principal points, and by giving technical
assistance.
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4. The measuring of construction iiems in
place for the purpose of preparing progress
reports.

5. The dimensioning of structures for
preparation of as-built plans.

There are a great many different types of
man-made structures; only a few of the inost
common can be discussed in this chapter. Those
discussed are roads, highways, utilities (that is,
sewer, power, gas, water, and fuel lines), airfields
and waterfront structures. Building and bridge
layout survey has been adequately covered in
Engineering Aid 3 & 2.

For a structure which follows a specified
route, the construction survey must usually be
preceded by a ROUTE survey.

ROUTE SURVEYS

The term ROUTE, like many other terms, has
more than one meaning, but the rust defmition
given in most dictionaries is: "The course or way
which is followed, or which is to be followed."
A ROUTE SURVEY, then, is one which deals
with the route (thatis, the course or way) which
a structure will follow.

Of the structures discussed in this section,
two follow routes; these two are utilities lines
and roads/highways. The route survey for a road
or highway differs in important respects from
that for a utilities line, and the survey for one
type of utilities line may differ considerably
from tharkfor another. However, in general it
may be said that the principal purposes of' any
route survey are:

1. To select one or more ientative
GENERAL routes for the structure.-
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2. To gather enough information about the
area covered by each general route to make it
possible for designers to pinpoint the specific
FINAL LOCATION of the route finally
selected.

3. To mark this final location.

Consistent with these principal purposes, a
route survey is usually broken down into three
phases, as follows:

1. The RECONNAISSANCE survey (purpose
1).

2. The PRELIMINARY survey (purpose 2).
3. The FINAL LOCATION survey (purpose

3).

With regard to terminology, the route survey
is not a part of, but is preliminary to, the
construction survey. However, the two are
interconnected to the extent that a discussion of
construction surveying would be unintelligible
without an understanding of the previous route
survey.

The amount of detail involved in a 'route
survey will vary, of course, in accordance with
the type of structure and many other
circumstances. Obviously, a route survey for a
line of telephone or power poles requires less
detail than a route survey for a superhighway.
However, the primary_purfiose of any route
survey is to select the route that will satisfy the
requirements of the project with maximum
economy and advantage.

HIGHWAY ROUTE SURVEY

Highway route surveys for construction
involve considerations of curvatures, gradients,
drainage, soil conditions, sight distance, safety,
width, and roadside safeguards and surfaces to
withstand the impact of traffic.

Reconnaissance Survey

The minimum information with which a
highway reconnaissance party enters the field is
the specified CONTROL POINTSthat is, the
points which must be connected by the
highway. If the highway is to follow the route of
an already existing road, littleperhaps
noreconnaissance will be necessary. For a new

5
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highway, the entire area between the control
points must be examined for possible routes.

A reconnaissance party usually functions
under the direction of an officer acting as
LOCATION ENGINEER; however, the enlisted
party chief, in order to assist the location
engineer intelligently, must know something
about the general principles and practices of
reconnaissance.

The first requirement is a mental picture of
the general landscape of the area. Here, maps are
of great importanceespecially contour maps or
composite aerial photographs (mosaic) of the
surrounding area. After a thorough study of all
available maps, the reconnaissance party should
go over the groundboth by plane and by
ground travel, if both are possible. The ground
party will examine the natural features of the
proposed route, see if the existing soil is stable
for a normal roadway, and take note of
approximate locations of available sources of
construction materials (quarry sites and borrow
pits) in the immediate vicinity.

Enough approximate elevations and distances
are obtained to convey an idea of the grading,
earthwork,. and other construction problems
along the different routes. The locations and
descriptions of streams, ridges, existing
man-made features, and other obstacles are set
down, as well as the locations of any objects
which may offer advantages, such as existing
bridges or low points on ridges.

Approximate methods are used for distance,
direction, and elevation measurements.
Distances may be scaled from available maps or,
in the absence of maps, measured approximately
by one of the approximate methods described in
Engineering Aid 3 & 2. Elevations may be taken
from contour maps or, in the absence of these,
measured by altimeter or computed from
vertical angles measured by clinometer.
Directions (horizontal angles) may be measured
by hand compass.

The reconnaissance report contains a

summary of the information gathered. It usually
also includes a description of alternative routes
considered feasible by the location engineer, and
a discussion of the controlling elements,
economic considerations, and recommendations
pertaining toseach alternative route. All available

3V/
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maps, sketches and aerial photographs applying
to the area are submitted with the report.

Preliminary Survey

A study of the reconnaissance report may
indicate that only one of the suggested
alternative routes is feasible, or the report may
itself indicate only a single feasible route. If this
is the case, the preliminary survey will be
omitted and the next step will be the final
location survey.

If alternatives exist, a narrow strip along each
alternative route is surveyed and a
PRELIMINARY MAP and a PROFILE of the
strip are prepared. A transit party runs an open
traverse approximately along the middle of the
strip, setting stakes at every full station and
setting hubs and stakes wherever the traverse
changes direction. A level party follows the
transit paity, establishing bench marks and
taking profile elevations along the traverse. The
level party may also take cross-section elevation,
or these may be left for the topographic party.

Finally; a topographic survey party locates all
relevant details on the strip, such as buildings,
property lines, streams, fences, bridges, and any
other features, either natural or artificial, which
may influence the selection of the rmal location.

If the route runs thraugh wooded country,
the traverse must usually be run by transit-tape,
with a separate party running the levels as
described. However, in open country all three
preliminary survey operations (running line,
running levels, and locating details) may be done
at the same time, by a single party using
transit-stadia. The party, set up on the traverse,
first measures the horizontal angles, vertical
angles, and stadia distances applying to the
traverse ahead; then takes side shots applying to
the cross-section-elevations and details.

As the preliminary survey proceeds, each
day's work is plotted on a preliminary PROFILE
and a preliminary MAP. The profile shows the
plotted elevations of existing ground along the
traverse line; the map shows the topography and
other detail along the line, including contours. A
commonly used scale for highway preliminary
profiles is horizontal I in. = 100 ft, vertical I in.
= 10 it. The contour interval for a highway
rreliminary map varies according to the slope or
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irregularity of the ground, the average for
ordinary country is 5 ft, but in level country it
may be 2 ft or even I ft, and in rough country
may be 10 ft or more.

Final Location Survey

From the preliminary survey data, one of the
alternative routes suggested by reconnaissance is
selected and the others are eliminated. Along the
selected route, a tentative _location for the
highway centerline (including curves) is chosen.
This location is- still tentative, because
circumstances which develop in the course of
the final location survey may require departures.
Usually the tentative horizontal location is
drawn in on the preliminary map, and the
tentative vertical location on the preliminary
profile. In this case these are familiarly called
the PAPER locations.

A number of considerations influence the
selection of the horizontal location and grade of
a highway. Some of the most important are:

I. Keeping changes in direction at a
minimum, and making unavoidable changes in
direction as gradual as possible.

2. Keeping changes in elevation at a
minimum, and making unavoidable changes in
elevation as gradual as possible.

3. Making total volumes of cut and rill as
small as possible.

4. Minimizing haul expense by making the
distance from borrow pit to cut in each case as
small, as possible and using as little borrow as
possible. An attempt is made to set line and
grade in a manner which will best facilitate the
filling of hollows with rill taken from nearby
high points along the traverse.

S. Providing for adequate drainage sfopes. .

The first task of the tInal location survey field
party might be described as the task of adjusting
the preliminary traverse to fit the requirements
of the paper location traverse. The paper
location traverse may, for parts of its length,
coincide with the preliminary traverse; for these
sections, no adjustment is necessary. For those
sections along which the two do not coincide,
the field party has the problem of locating, on
the ground, the paper location traverse so that
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its ground location will bear the same relation to
that of the preliminary traverse that the two
bear to each other on the preliminary map.

This mlation may be determined by any or
the methods of tying in points described in
Engineering Aid 3 & 2. Consider figure 6-1, for
example. In this figure the line throtigh stations
C, D, and E represents the preliminary traverse.
The paper location traverse coincides with the
preliminary traverse to station C", but then runs
S 730 30' E, 580.36 fc, ro station D', and thence
to rejoin the preliminary traverse at station E.

One way of locating station D' on the grouAd
would be by perpendicular offset from the
preliminary traverse, as indicated by the dotted
line SD'. A right triangle solution will locate S
on the preliminary traverse, and determine the
length of SD'. The bearings of CS and C'D
indicate that angle A must measure 29°42'. The
length of C'S amounts to 580.36 cos 29°42', or
580.36(0.868632), or 504.12 ft. Therefore,
point S will be located 504.12 ft from station
C', or at station 18 + 29.16.

The length of SD' amounts to 580.36 sin
29°42', or 580.36(0.495459), or 287.54 ft.
Ther-fore, to locate station D' you would set up
a transit at station 18 + 29.16 on the
preliminary traverse, turn 90°, and lay off
287.54 ft from S.

Another way to locate station D' would be by
triangular intersection from stationS c and E.
The bearings indicate that the size of angle ES is
26°54'. Angle A measures 29°42'. Set one

transit up at C', backsight on D, and turn 29°42'
to the right. Set up another transit at E,
backsight on D, and turn 26°54' to the left. A
range pole sighted through both telescopes will
be located on station D'. Measure the distance
C'D' to check if it measures 580.36 ftthe paper
distance.

Stakes are usually set at all full stations, and
at all P.I.'s, P.C.'s, and P.T.'s. In general, stakes
am set at 50-ft stations on horizontal curveg.
Where the location traverse diverges from the
preliminary traverse, profile levels and
cross-sections for this portion are taken. Then, a
corrected location plan is prepared; in most
cases this correction is just integrated to the
existing plan. As a result of a study of these
departures from the preliminary tiaverse, further
adjustments in line or grade may be ordered.
When these have been made in the field, and on
the location plan and profile, the final location
survey is completed.

OTHER ROUTE SURVEYS

Other structures which follow routes are
utilities lines, which may be broadly divided into
OVERHEAD power and communications lines
and UNDERGROUND power/communications
lines; sewerlines; and water, gas, and fuel lines.
The character of the route survey for a utility
will vary, of course, with the circumstances. A
sanitary sewer, for example, will follow the
streets on which the buildings it serves are

82.17
Figure 8-1.Tying final location traverse to preliminary traverse.
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located; consequently, reconnaissance and
preliminary surveys are seldom necessary for one
of these. The same applies, in general, to the
DISTRIBUTION part of a power, gas, water, or
fuel line. The location of one of these is
controlled by the locations of the buildings it
serves.

If utilities lines already exist in an area, they
are shown on UTILITIES MAPS. A separate
map is generally used to show the i)rincipal
features of each utility. Small-scale maps show
locations, materials, pipe sizes, and other
information relatiNg to the main transmission,
collection, and distribution systems. Minor
construction details and service connections are
shown oh larger-scale detail plans.

A utilities project often involves extending an
existing lineas, for example, tying in a line
from new housing to an existing sanitary sewer.
The first requirement in a case of this kind is a
study of the existing utilities maps.

ABOVEGROUND UTILITIES-
ROUTE SURVEYS

Aboveground utilities are usually electrical
power or communications lines, strung on poles
or towers. The location of the DISTRIBUTION
(service) part of one of these is usually
controlled by the locations of the buildings it
servesmeaning that the service or distribution
line will usually follow the streets on which the
buildings are located. For the TRANSMISSION
part, however, judgment in the selection of a
route is usually required. By transmission part
we mean that part of a line which carries (for
example) high-voltage electrical power from the
power plant to points from which the power is
distributed to consumer outlets.

The route survey for a power transmission
line, then, may be divided, like that for a
highway, into reconnaissance, preliminary, and
final location surveys. Controlling considerations
are, of course, different from those for a
highway. For a tower line, construction
economy requires that changes in direction be
xept at a minimum, for the reason that a tower
located where a line changes direction must
;tand a higher stress than one located in a
Jiraight-line part of the line. In general, tower
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construction in level country is cheaper than
construction in broken country, however, the
line may be run over broken country to
minimize changes in direction, or to make it
shorter, or to follow a line where the cost of
obtaining right-of-way is cheap. To facilitate
access for construction and future maintenance,
it is desirable that lines be located adjacent to
existing roads.

When running the preliminary survey,
incorporate all pertinent topographic
information into the field notes. Note
particularly any existing overhead or shbsurface
lines and indicate whether they are 'power or
communications lines. Locate such features as
marshes, streams, forests, roads, railways, power
plants, laboratories, and adjacent military camps
or bases.

Pole -Line Surveys

When the route has been selected on the basis
of the reconnaissance data, a plan and profile are
plotted. The plan shows the route the line will
follow and the significant topography adjacent
thereto. The profile shows the ground elevation
along the line and the top elevations of the
poles. These are generally set in accordance with
a specified minimum allowable clearance
between the ground line and the top of a pole.
In, open country the minimum clearance for a
line crossing roads, railroads, or waterways is
usually 14 ft; in built-up country it is usually 18
ft. Minimum allowable clearance between two
crossing pOwerlines is usually 4 ft; for two
communications lines it is usually 2 ft apart.

When a power or communication line crosses
a highway or railroad, poles adjacent to the
highway or road are usually required to be set a
minimum of 12 ft back from the highway
shoulders or railroad rails.

Poles are numbered consecutively in
accordance with a specified theoretical span
between adjacent polesregardless of whEther or
not there is actually a pole set at each of these
intervals. Theoretically, the spacing is usually
150 ft. The line might cross a stream wide
enough to cause the span between adjacent poles
to besay-400 ft. Suppose the pole number on
one side of the stream was 65. The next adjacent
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pole on the other side wbuld be, not #66, but
#68.

Each pole location is marked with a hub on
the line; the hub may be offset. On the guard
stake you put the pole number, the line
elevation, and the distance from the top of the
hub to the top of the pole, obtained from the
profile. This is usually simply designated as a
plus, as: +25 ft.

Tower Line Suiveys

High voltage lines are often supported by
TOWERS, a tower being a broad-based steel
structure 35 ft or more in height. When a change
in direction in a tower line is unavoidable, it is
made gradually, in as small angular increments as
possible. Suppose, for example, a change in
direction of 900 was required. Instead of an
abrupt change in direction of 90°,cowers would
be sec so as co cause the line co follow a grad-
ual curve in a succession of chords around an
arc of 90°

Each tower in a curve of this kind must be
placed at an angle which will balance the lateral
pull of the cables in and out of the tower. This is
done by locating the centerline of the tower so
as to bisect the angle between the lines as-shown
in figure 6-2.

BELOWGROUND UTILITIES
ROUTE SURVEYS

When man-made structures are erected in a
certain area, it is necessary to plan, design, and
construct an adequate drainage system.
Generally, an underground drainage system is
the most desirable means in removing surface
water effectively from operating areas. An open
drainage system, like a ditch, is economical;
however, when not properly maintained, it is
unsightly and unsafe. Sometimes an open
drainage system also causes erosion, thus
resulting in failures to nearby structures.
flooding caused by an inadequate drainage
system is the most prevalent cause leading to the
rapid deterioration of roads and airfields. The
construction and installation of drainage
structures will be discussed later in this chapter. -
At lhis point we are mainly interested in
drainage systems and types of drainage.
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Drainage System

SANITARY sewers carry waste from
buildings to points of disposal; STORM sewers
carry surface runoff water to natural water
courses or basins. In either case the utility line
must have a GRADIENTthat is, a downward
slope toward the disposal point, just sufficiently
steep enough to ensure a gravity flow of waste
and water through the pipes. This gradient is
supplied by the designing engineer.

Natural Drainage

To understand the controlling considerations
affecting the location and other design features
of a storm sewer, you must know something
about what might be called the mechanics of
water drainage from the earth's surface.

82.18
Figure 6-2.aalancing the stresses on a tower.

When rainwater falls on the earth's surface,
sow of it is absorbed in the ground. The
anTount thus absorbed will vary, of course,
according to the physical characteristics of the
surface. In sandy soil, for instance, a large
amount will be absorbed; on a concrete surface,
on the other hand, absorption will be negligible.

Of the water which is not absorbed in the
ground some will evaporate, and some, absorbed
through the roots and exuded onto the leaves of
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plants, will additionally dissipate through a
process called TRANSPIRATION.

The water which remains after ..absorption,
evaporation, and transpiration is technically
known as RUNOFF. This term relates to the
fact that this water, under the influence of
gravity, will make its way (i.e. "run-off")
through natural channels to the lowest point it
can attain. To put this in terms of a general
scientific principle, water will, whenever it can,
seek its own level. The general, final level which
unimpeded water on the earth's surface will seek
is sea level, and the rivers *of the earth, most of
which empty into the sea, are the earth's
principal drainage channels. However, not all of
the earth's runoff reaches the great oceans; some
of it is caught in land-locked lakes, ponds, and
other nonflowing inland bodies of water.

fet's consider, now, a point high in the
mountains somewhere. As rain falls, iri the area
around this point, the runoff runs down the
slopes of a small gulley, and forms a small
stream which finds a channel downward through
the ravine between two ridges. As the stream
proceeds on its course, it picks up more and
more water draining in similar fashion from high
points in the area through which the stream is
passing. As a result of this continuing
accumulation of runoff, 'the stream becomes
larger, until eventually it either becomes or joins
a large river making its way to the sea-or it may
fmally empty into a lake or other inland body of
water.

The natural channels through which this
runoff passes will generally contain and dispose
of all the runoff in normal weather
circumstances. However, it is commonly the Case
that during the winter in the high mountains
runoff is interrupted by snow conditions-that
is, instead of running off, the potential runoff
aciumulates in the shape of snow. When this
accuthulated mass melts in the spring, the runoff
often attains proportions which overwhelm the
natural channels, causing -flooding of
surrounding areas. In the same fashion,
=usually heavy rainfall may overtax the natural
channels.

-,11-1ficia1 Drainage

When artificial structures are introduced into
area, the natural drainage arrangements of the
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area are upset. When, for exarnple, an area
originally containing many hills and ridges is
graded off flat, the previously existing natural
drainage channels are removed and much of the
effect of gravity on runoff is lost. When an area
of natural soil is covered by artificial paving,
much water which was previousl absorbed will
now present drainage problems.

In short, when man-made structures such as
bridges, buildings, etc. are erected in an-area, it
is usually necessary to design and construct an
artificial drainage system to offset the extent to
which the natural drainage system has been
upset. Storm sewers are usually the primary
feature of an artificial drainage system; however,
there are other features, such as drainage
DITCHES. Both storm sewers and ditches carry
surface run off. The only real difference
between a drainage ditch and a storm sewer is
the fact that the ditch lies on the surface and the
storm sewer below the surface.

Similarly it Might be said that there is no
essential difference in mechanical principle
between an artificial and a natural drainage
system. Like a natural channel, an artificial
channel must slope downward, and must
become progressively larger as it proceeds along
its course, picking up more runoff as it goes.
Like a natural system, an artificial system must
reach a disposal point-usually a stream whose
ultimate destination is the sea or a standing
inland body of water. At the terminal point of
the system where the accumulated runoff
discharges into the disposal point, the runoff
itself is technically known as DISCHARGE. The
discharge point in the system is called the
OUTFALL.

Parts of an Artificial Drainage
System

A surface drainage system consists principally.,
of DITCHES, which form the drainage channels.
A ditch may consist simply of a depression
formed in the natural soil, or it may be a
PAVED ditch: Where a ditch nfilst pass under a.
structure (such as a highway embankment, for
example), an opening called a CULVERT
constructed. A PIPE culvert has a circular
opening; a BOX culvert has a rectangular
opening. Walls constructed at the ends of a
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culvert are called END walls. An end wall,
running perpendicular to the line through the
culvert, may have extensions called WINGS (or
WING WALLS) running at an oblique angle to
the line through the culvert.

An underground drainage system (that is, a
storm sewer) consists, broadly speaking, of a
buried pipeline called the TRUNK of MAIN, and
a series of STORM WATER INLETS which
admit surface runoff into the pipeline. An inlet
consists of a surface opening which admits the
surface water runoff, and an inner chamber
called a BOX (sometimes a CATCH BASIN). A
box is usually rectangular, but may be
cylindrical. An inlet with surface opening in the
side of a curb is called a CURB inlet; a working
drawing of a curb inlet is shown in figure 6-3.
An inlet with a horizontal surface opening
covered by a grating is called a GRATE
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Figure 6-3.Working drawing for typical

curb inlet.
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(sometimes a DROP) inlet. A general term
applied in some areas to an inlet which is neither
a curb nor a grate inlet is YARD inlet.

Technically speaking, the term "storm sewer"
applies to the pipeline; the inlets are called
APPURTENANCES. There are other
appurtenances, the most common of which are
MANHOLES and JUNCTION BOXES. A
manhole is a box which is installed, of necessity,
at a point where the trunk changes direction,
gradient, or both. The term "manhole"
originally related to the access opening at one of
these points; however, a curb inlet and a
junction box nearly always have a similar access
ol.ening, for cleaning, inspection, and
maintenance purposes. One of these opening is
often called a "manhole," regardless of where it
is located. However, strictly speaking, the access
opening on a curl:L inlet should be called a curb
inlet opening; that on a junction box a junction
box opening. Distances between manholes are
normally 300 ft, but this distance may be
extended to a maximum 500 ft if the
specification requires it.

The structure at an access opening consists of
the manhole (or curb inlet, or junction box)
COVER and a supporting metal casting called
the FRAME. A frame for a circular cover is
shown in figure 6-4. Some covers are
rectangular. The frame usually rests on one or
more courses of ADJUSTING blocks, so that the
rim elevation of the cover can be varied slightly
to fit the surface grade elevation by varying the
verticaLdimensions, or the number of courses, of
the adjUsting blocks.

A junction box is similar to a manhole, but is
installed of necessity at a point where two or
more trunk lines converge. The walls of an inlet,
manhole, or junction box may be constructed of
special concrete masonry units or of
cast-in-place concrete. The bottom consists of a
formed slab, sloped in the direction of the line
gradient, and often shaped with channels for
carrying the water across_the box from the
in flowing pipe to the outflowing pipe.

Drainage Design
3-

--A complete description of the many problems
involved in drainage design cannot be given in
this course. We can only discuss enough of the
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Figure 84.Frarns for sn soon opening.

highlights to make it possible for you, as field
party chief, to assist the design officer
intelligently. In drainage design, the topography
of the whole area concerned is closely studied. If
satisfactory topographic maps do not exist, such
must be madeObviously, of course, both the
existing terrain and the terrain as it will exist
after construction are considered.

The rust consideration with regard to the
drainage problem at a particular point is the
maximum quantity of runoff which may be
expected at that point. This maximum quantity
is familiarly called the "Q". The point in
question is called the POINT OF
CONCENTRATION. A study of the map
(particularly of the relief) determines the limits
of the CONTRIBUTING AREA for that
pointthat is, the boundaries of the area around
the point from which water will drain toward
the point of concentration. Next, the runoff for
this area is determined. The quantity of this
:aloft' will depend upon a number of factors,
cne of which is the INTENSITY of the rainfall
in the contributing area UNDER DESIGN
CONDITIONS.

The term "intensity" signifies a RATE of
rainfall: a 10-minute cloudburst which dumps 1
inch of water on an yea means a rate of 6 inches
per hour, there being six 10-minute intervals in
an hour. The numerical value of intensity for a
given contributing area is affected by (1) the
duration Of the storm, and (2) the design
frequency of the storm. The duration of the
storm is presumed to be equal to the length of
time it takes a drop of water at the outermost
limit of the contributing area to reach the point
of concentration; it is assumed that at this time
the entire area -is contributing runoff to the
point of concentration. Design frequency refers
to how bad a storm the system can carry
without floodingfor example, a storm that can
be expected only once in 2 years, or in 5 years,
or in 10 years. It is seldom economical to design
for the worst possible storm; the design
frequency selected will vary according to the
extent to which ,occasional flooding of the
system will cause damage. Obviously, occasional
flooding of the ground floor of a shop
containing valuable articles would be more
serious than occasional flooding of, say, a tennis
court.

The system, then, may be designed for the
type of storm which occurs only every 2 years,
Or every 10 yearsthis is familiarly called
"designing for a 2-year storm" or "for a 10-year
storm." If weather records exist, design intensity
can be based on these. If they don't, estimates
must be based on the experience of inhabitants,
on judgment, or on both.

Now, the product of the design intensity
times the area (in acres) of the contributing area
gives the amount of water which would
accumulate as runoff at the point of
concentration if all this water ran off. However,
some of the water will be absorbed, some will
evaporate, and some will dissipate through
transpiration. Therefore, the product of the
contributing area (A), times the design intensity
(i), is reduced by multiplying by a factor called
the RUNOFF COEFFICIENT (C). The result is
the amount of the product of A times i which
will remain as runoff after absorption,
evaporation, and transpiration. In general, to get
the runoff coefficient you refer to tables similar
to the one shown table 6-1. Such tables are
based upon studies made in the past with regard
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to the perviousness or imperviousness of various
typc of surfaces, and Apply the table values to
estimates of the propcKtion of pervious to
impervious areas in the contributing area.

Table 6-1.Surface Runoff Factors
Types of meats CuArinats

PayementS (concrete or asphalt) _ 0.70 to 0.95.
Gravel or macadam pavements _ 0.35 to 0.70.
Impervious soils' 0.40 to 0.65.
Impervious soils, with turf . ..... . 0.30 to 0.55.

\Slightly pervious soils __ 0.15 to 0.40.
rvious soils 0.01 to.0.10.

Vionded areas depending on surface
slope and soil cover - 0.01 to 0.20.
Ter slopes from 1 to 2 Percent.

Note. The figure. given are for comparatively level ground. For
elopes greeter than 1 in IQ (2%) the coeffleiest should be !s-
urmised by 0.2 for may 2 percent of slope, but coefficient cannot
gamed 1.0.
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In sum, then, the Q (quantity of runoff, in cu
ft per second, accumulating at the point of
concentration during the design storm) is
determined from the formula ACi, A being the
area of the contributing area in acres, C being
the runoff coefficient expressed as a percentage
(as, 0.40), and i being the intensity of rainfall, in
inches per hour, in the contributing area during
the design storm.

You may note that in this formula acres is
multiplied times inches per hour and the answer
is reported in cubic feet per secondan apparent
inconsistency in units. The use of these units is
possible because the flow of 1 inch of water
from 1 acre in 1 hour is almost equal in numeri-
cal value to the flow of 1 cubic foot of water in
1 second. This fact may be demonstrated by
assuming an area of 1 acre, a coefficient of run-
off of 1, and a rainfall intensity of 1 inch per hour.

Q = ACi = 1 acre X 1 X
1 inch

1 hour

Q = 43560 sq ft X 1/12 foot = 3630,cu ft
3600 seconds 3600 seconds

Q = 1.008 cubic feet per second

Generally, the first point of concentration is
the highest point on or near the structure where
runoff will accumulate, under design conditions,
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to an extent requiring artificial drainage.
Therefore, the system will begin at this point.
The next point of concentration will be the next
adjacent point where runoff thus accumulates.
Between the first and second points the system
will be designed to 'carry the Q which
accumulates at the first point. Between the
second and the third point, it must be designed
to carry the Q which accumulates at the first
two points. Thus, as the system proceeds along
its course, the Q it must be designed to carry
increases, which means that the carrying
capacity of the system must progressively
increase as well. The nature of the structure may
require branching trunks, converging at various
points; in a case of this kind, of course, the pipe
beyond a junction box must be designed to
carry the Q brought into the junction box by
the contributing trimks above it.

The maximum quantity of water which will
flow at a given rate through a drain pipe is
controlled by (1) the size of the pipe, (2) the
gradient (slope) of the pipe, and (3) the
classification or type of the pipe. Item 3 is
principally a matter of friction; everything else
being equal, water will flow more rapidly
through smooth-walled concrete pipe (for
example) than it will through corrugated metal
pipe. If the system contains the same type of
pipe throughout, the roughness coefficient will
remain the same for all sections. This coefficient
can be found in tables for pipe made of all the
commonly used materials.

Drain water will flow faster through a steeply
sloped pipe than it will through a pipe that is
nearly horizontal. Therefore, when Q increases
to the point where the flow capacity of the
system must be increased, this may be
accomplished by increasing the slope. The
extent to which this can be done, however,
depends on the circumstances. If the ground is
level and the line is long, a large slope percentage
will soon carry the pipe too far down into the
ground. But if the ground itself slopes
downward, the pipe cait., be carried indefmitely
at the same downslope.

The flow capacity of pipe increases with the
inside diameter of the pipe. Therefore, the flow
capacity may also be increased by using larger
pipe. If the alternative exists of increasing either
the slope or the diameter of the pipe, the
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alternative selected will be, of course, the one
ch is cheaper in view of all the long-mn

cums tanc es.
All of these considen Ions influence the

selection of pipe sizes, gradients, and elevations.
The route followed by the trunk line is also
affected. Normally this route would follow,
more or less, the course from one point of
concentration to the next. However, it is often
necessary or desirable to diverge from this route,
to avoid structures, to take advantage of sloping
ground, to avoid areas of difficult excavation, or
for some other reason. When this is the case,
runoff from inlets not located over the trunk is
carried to the trunk by LATERAL or BRANCH
pipelines. A com`mon use of laterals or branches
is to carry runoff 'from an inlet on one side of a
highway to a trunk located along the opposite
side.

Design Computations

The flow capacity, in cu ft per second, of a
given section of pipeline is determined from the
formula aV, a being the section area in sq ft of
the flowing stream and V the velocity of speed
of flow in fps. If it is assumed that the pipe will
flow full, a is the section area inside the pipe
wall. For a 24-in, pipe a is Ir times R2, or Ir times
12, or 3.14 sq. ft.

To determine V you use another formula, as
follows:

1 486 R2/3
S

1/2

The symbol n in this formula is the roughness
coefficient, usually obtained from tables based
on the character and size of the pipe. R (which
stands for HYDRAULIC RADIUS) is

determined by dividing a by the length of the
WETTED PERIMETER. The wetted perimeter is
the portion of the inner circumference of the
pipe which is under water when the stream is
flowing at design maximum. If the pipe is

presumed to flow full, the wetted perimeter is
equal to the circumference. Therefore, for a
24-in, pipe, flowing full, the wetted perimeter is

3.14 sq2 ft X 7r, or 6.28 ft. R is ft., or
6.28 6.28 ft

0.50 ft. R to the 2/3 power means the cube root
,.,f R2, or the cube root of 0.25, or 0.63.

S in, the formula means the gradient of the
pipe IN FEET PER FOOT. A 2 percent gradient
means a drop of 2 ft in 100 ft, which in turn
means a drop of 0.02 ft in 1 ft. S to the 1/2
power means the square root of S, which in this
case is the square root of 0.02, or 0.14.

Assume that the roughness coefficient (n) is
0.013. Substituting the known values in the
formula for V (velocity), we have:

1 486
V = X 0 63 X 0.14

0.013

If you work this out, you will find that V
comes to 10,01 fps. The flow capacity, then, is
a x V, or 344 sq ft x 10.01fps, or 31.43 cfps.

This is the flow capacity of a section in which
the gradient and the size of the pipe are given.
The design problem, however, is more likely to
involve determining the gradient and size of the
pipe for handling a predetermined quantity of
runoff. One way of doing this is by first
determining the minimum slopes required for
pipe through a range of sizes, as follows.

Figure 6-5 shows a flow diagram of a storm
sewerline running along a highway. The trunk
begins at inlet 2 and runs through inlets 3 and 6
to the outfall. Inlets 4 and 5 admit runoff 'to

o. laterals connected to the boxes at 3 and 6.
The dotted lines show the limits of the

contributing areas for each of the inlets.
Suppose, now, that the Q for each area, under
design conditions, is as follows:

Inlet No. Q (cfs)

4.5
2 3.6
3 3.0
4 2.7
5 3.0
6 3.0

The total Q at the outfall is the sum of these,
or 19.8 cfs. The next problem is to determine
the Q which must be handled by each of the
separate sections (called LINES) in the system.
The line from 1-2 will handle only the Q from
contributing area 1, or 4.5 cfs. The line from
2-3, however, will carry the sum of the Q's from
areas 1 and 2, or 4.5 plus 3.6, or 8.1 cfs. The
line from 4-3 will carry -only the Q from area 4,
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Figure 6-5.Flow diagram inlet of a storm sewerlin system.

yr 2.7 cfs. But the line 3-6 will carry the Q's
from areas 1, 2, 3, and 4, or 4.5 + 3.6 + 3.0 +
2.7, or 13.8 cfs. The line 5-6 will carry only the
Q from area 5, or 3.0 cfs.

If you add these together, you will find that
the sum is again 19.8 cfsequal, as it should be,
to the previously determined total Q at the
outfall.

The next step is to determine, for each line,
the MINIMUM slope required for pipe ranging
through all the sizes considered feasible. Drain
pipe is made in sizes from 4 in. to about 108 in.
in diameter. As a rule the use of pipe smaller
than a certain minimum size (usually about 12-
or 15-in.) is not permitted for storm sewers,
because of the possibility of clogging with
debris. Also, for pipe of a given size and
character, there is usually a maximum
permissible velocity of flow, beyond which the
pipe would be seriously eroded by the velocity
of the flowing stream. This means that for a pipe

of a given size and character, the maximum
feasible slope is the slope which permits the
maximum permissible velociti of flow.

The largest pipe to be considered would be
the largest required to carry the total Q at the
outfall at the minimum permissible slope. In
working these design calculatims, engineers use
various types of circular or graphic
calculators called NOMOGRAPHS, fr.om which
formula solutions may be obtained by
inspection. If you enter one of these \with the
roughness coefficient, the size of the pipe, and
the Q for the line, you can deter4ine the
minimum slope for that Q, size of pipe, and
roughness coefficient by inspection.

Assuming now a roughness coefficient Of
0.013 and a total Q at the outfall of 19.8 cfs,
then a nomograph calculation indicates that a
27:ili7pipe will carry this Q at a slope of 0.41
percent. Assuming the minimum specified slope
to be 0.5 percent, then 27-in, will be adequate
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for this Minimum specified slope, and is the
largest pipe that needs to be considered. Assume
that the smallest permissible pipe is 15-in. Pipe
in ranges from 15-in, to about 30-in, is usually
available in sizes 3-in, apart-that is, 15-in.,
18-in., 21-in., and so on. Beyond 30-in, the sizes
usually increase in 6-in. increments.

We are going to determine the minimum
slopes required for pipe from 15-in. to 277in. Tor
each of the lines in the system. This data is
entered in a form as follows:

Minimum slope (%) for
Following Sizes

Line Q
(cfs)

15" 18" /1" 24" 27"

1-2 4.5 0.5 - -
2-3 8.1 '1.6 0.6 0.26 - -
4-3 2.7 0.17 - - - -
3-6 13.8 4.6 1.7 0.76 0.38 -
5-6 3.0 0.22 - - -
5-Out 19.8 9.3 3.5 1.6 10:77 0.41

This tabulation indicates that, for the Q for
line 1-2, a 15-in, pipe at the flattest permissible
slope is sufficiently, large. Therefore, there is no
point in calculating the minimum slope for
larger pipe for this line.

For line 2-3, on the other hand, a 15-in. pipe
would have to be placed at a slope of at least 1.6
percent. If the character of the ground were
such as to make this too steep a slope (taking
the pipe too far down in the ground), it might
be more economical to use 18-in, pipe, which
would carry the Q at a slope of only 0.6 percent.
In deciding between these alternatives, the
excavating cost would be weighed against the
increase in price for larger pipe. There are similar
alternatives for line 3-6 and for the outfall line.

In general, a design-engineer determines by
studying the profile, what the maximum
possible economically feasible slope is for each
line in the system. For a long line running in
relatively level ground, the slope is obviously
more limited that it is, for a line running in
ground which slopes in the direction of the line.
However, even when the ground slopes radically
downward, there is a limit beyond which the
pipe may not be economically sloped. A slope of
more than this causes the water to attain a
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velocity which rapidly erodes concrete pipe.
When the engineer has determined the maximum
slope which is economically feasible for each
line, he selects from the table the smallest pipe
capable of handling the Q for that line at that
slope.

For the determination of required
cross-sectional areas and capacities of culverts
for most Theater of Operations roads and
otitlying areas of an airfield, where, accurate
computation of runoff is impracticable. Talbot's
formula can be used. This formula is an
approximate method for computing the
cross-sectional area of the proposed pipe or
culvert. It is stated as:

A = C

where: A = area of waterway opening in square
fee t

C= a coefficient that depends upon the
slope, shape, and character of area to
be drained

D = drainage area in acres.

This formula is recommended only for small
structures requiring a waterway opening not
greater than 400 sq ft. In addition, the formula
is intended only for a rainfall intensity of 4
inches per hour for 1 hour or less. For locations
having greater intensities than this, the required
opening may be computed by dividing the area
of the drainage structure obtained from the
formula by 4; then the result is multiplied by
the intensity of rainfall to be expected at the
given location. The key to the use of the
formula is the judgment exercised by the
engineer in the choice of a value for the
coefficient "C". Normal values for C are as
follows:

C = 0.2 flat areas not affected by cumulated
snow, and where the length of the valley
drained is several times the width.

C = 0.35 for gently rolling farmland, where
the length of the valley is about 3 or 4
times the width.

C = 0.7 for rough hilly areas having mod-
erate slopes.

C = 1.0 for steep barren areas having abrupt
slopes, and for moderately mountainous
areas.

Guu
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The value of the coefficient C is influenced by
the shape of the drainage area, the side slopes,
the length of the valleys, and the character and
culture of the ground. All of these factors affect
the proportion of runoff and its time of
concentration at the culvert. Therefore, the
engineer must adjust the value of C to suit each
case. The value of C should be increased as the
lengths of the valleys decrease in proportion to
their widths, and vice versa. As side slopes
steepen, C also should increase. Heavy shnth
growth would decrease the value of C over
cultivated farmland, wh`treas rocky or barren
slopes would increase the value of C.
Predominately sandy or gravelly soils tend to
decrease C, whereas heavy claY soils tend to
increase C. A value of 1.0 is safisfactory for
moderately mountainous terrain, or for
reasonably steep barren areas with abrupt slopes
up to 10 percent. The formula should not be
used for precipitous rocky mountain areas where
C would be greater than 1.0. The drainage areas
may be obtained from the map of the area
involved by planimeter, or by dividing the area
into several triangles and/or rectangles.

Transition Loss

As shown in figure 6-6, the line connecting
the lowest inside points on a pipe in place is
Called tke INVERT; that connecting the highest
inside points is called the CROWN. The SPRING
LINE lies halfway between the invert and the
crown.

SPRING LINE

CROWN

SPRING LINE

INVERT

8/22
Figure 8-6.Cross-section view of a storm

sewer pipe.

A point where a sewerline changes. pipe size,
direction, or gradient is called a TRANSITION.
A point where two or more Imes converge is also
a transition. Now, at any transition point there
is a loss of energy in the stream flow.
Thrbulence in the box caused by a change in
direction (either horizontal or vertical) and by
the box structure itself cuts down the rate of
flow, to the extent that the outflowing pipe will
not flow to design capacity.

This type of transition loss is estimated, as
well as it can be, and is usually taken into
account in the design of the outflowing line.
Another type of transition loss is easier to
deteimine. Figure 6-7 illustrates this type. This
figure shows a section through a manhole.
Notice first that the pipe is prtsumed to run to
the manhole centerline; it is actually, of ebUrse,
cut off in line with the inner wall of the box.

The specified elevation for a pipe is the
elevation of the invert, and the elevation at a
box means the invert elevation AT THE
CENTERLINE OF THE BOX. Now, at the
manhole shown in figure.6-7, the inflowing and
butflowing pipes are the same size (18-in.).
However, be6ause of an increase in gopt in the
outflowing pipe, that pipe, flowing ftzll, allows
the stream to flow at a higher velocity. You can
see that V for the inflowing pipe is 5 fps, while
V for the outflowing pipe is 8 fps.

If the stream, when it reaches the outflowing
pipe, is still flowingat only 5 fps, the outflowing
pipe will not flow full. Therefore, the box is
designed to step up the flow to the velocity of
which the outflowing pipe is capable. This is
accomplished by DROPPING THE IN=

VERTSthat is, by placing the invert out at a
lower elevation than that of the invert in.

The amount of the drop can be calculated, by
determining the difference in the respective
VELOCITY HEADS of the two pipes. Velocity
head can be determined from the formula V2. V

2g
in this formula is the velocity of which the pipe,
flowing full, is capable; this is determined by
formula as previously explained, or from a
nomograph. The symbol g in the formula means
the force of gravity, which is 32 ft/sec2.

For the pipes shown in figure 6-7 then, the
velocity heads are as,follows:
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25Inflowing pipe = --6-4 = 0.39 ft.

64Outflowing pipe = -64-= 1.00 ft.

The amount of the drop is the difference
between these two, or 0.61 ft. The bottom of
the box would, of course, be filled with cast
concrete or rubble pargetted with mortar, to
channel the stream smoothly from the inflowing
pipe to the outflowing pipe; for the sake of
clearness, this material is &Mined in figure 6-7.

The computation just described gives you the
amount of invert drop WHEN THE PIPES ARE
OF THE SAME SIZE. When the outflowing pipe
is LARGER than the inflowing pipe, you ADD
the difference in diameters of the pipe to what

the drop would be for pipe of the same size.
Suppose, for example, that in figure 6-7 the
outflowing pipe was 24-in, instead of 18-in. The
difference in diameters here is 6 in., or 0.50 ft,
and the invert drop would be 0.61 ft plus 0.50
ft, or 1.11 ft.

When the outflowing pipe is SMALLER than
the inflowing pipe, you SUBTRACT the
difference in diameters of the pipe from what
the drop would be for pipe of the same size.
Suppose that in figure 6-7 the outflowing pipe
was- 15-in, instead of 18-in. The difference in
diameters is 3 in., or 0.25 ft, and the invert drop
would be 0.61 minus 0.25, or 0.36 ft.

It may occasionally: happen that the
difference in diameters is larger than what the
drop for pipe of the same size would be, thus

82.23
Figure 8-7.Dropping inverts.
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.requiring, by computational theory, a rise rather
than a drop for the outflowing pipe invert. In a
case of-this kind (which i rare), you follow a
general rule to the effect that an invert out is
never placed at a higher elevation than an invert
in.

Storm Sewer Route Survey

The character of the route survey for a storm
sewer depends on the circumstances. The nature
of the ground may be such as to indicate,
without the necessity for reconnaissance and
preliminary location surveys, just where the line
must go. This is likely to be the case in a
development areathat is, an area which will be
closely built up, and in which the lines of the
streets and locations of the buildings have
already been determined. In these circum-
stances, the reconnaissance and preliminary sur-
veys might be said to be done on paper.

It is often the case, on the other hand, that a
lineor parts of itmust be nm for considerable
distances over rough, irregular country. In these
circumstances the route survey, consists of
reconnaissance, preliminary location, and final
location surveys. If topographic maps of the area
exist, they are studied to determine the general
area along which the line wi11i run. If no such

*maps exist, a reconnaissance pacty must select
one or more feasible route areat,\k run random
traverses through these, and collect enough topo
data to make the planning of a tenttive route
possible.

After this data has been studied, a tentative
route for the line is selected. A preliminary
survey party runs this line, making any necessary
adjustments required by circumstances
encountered in the field, taking profile
elevations, and gathering enough topo data in
the vicinity of the line to make design of the
system possible.

Thic system is then designed, and a plan and
profile are made. Figure 6-8 shows a storm sewer
plan and profile. The project here is the
installation of 230 ft of 18-in, concrete sewer
pipe (CSP), with a curb inlet (CI "A"). The
computational length of sewer pipe is always
even in terms of horizontal feet coveredthe
actual length of a section is, of course, greater
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than the computational length because of the
slope.

The pipe in figure 6-8 is to run downslope
from a curb inlet to a manhole in an existing
sewerline. The reason for the distorted
appearance of the curb inlet and manhole, which
look much narrower than they would in their
true proportions, is due to the exaggerated
vertical scale of the profile. The appearance of
the pipe is similarly distorted.

The pipe to be installed is to be placed at a
gradient of 2.39 percent. The invert elevation of
the outflowing 21-in, pipe at the manhole is
91.47 ft; that of the inflowing 18-in, pipe is to
be 92.33 ft. Obviously there is a drop here of
0.86 ft. Of this drop, 0.25 ft is due to the
difference in diameters; the other 0.61 ft is
probably due to structural and velocity head
losses.

From the invert in at the manhole the new
pipe will extend 230 horizontal feet to the
invert at the centerline of the curb inlet. The
difference in elevation between the invert
elevation at the manhole and the invert elevation
at the curb inlet will be the product of 2.39 (the
grade percentage) times 2.30 (number of 100-ft
stations in 230 horizontal feet), or 5.50 ft.
Therefore, the invert elevation at the curb inlet
will be 92.33 ft (invert elevation at the manhole)
plus 5.50 ft, or 97.83 ft. The invert elevation at
any intermediate point along the line can be
obtained by similar computation.

The plan shown in figure 6-8W is greatly
simplified for the sake of clearnessit contains
the bare minimum of data required for locating
the new line. Plans ',used in actual practice
usually contain more information.

The plan and profile constitute the paper
location of the line. A fmal location survey
party runs the line in the field. Where variations
are required because of circumstances discovered
in the field (such as the discovery of a large tree
or some similar obstruction lying right on the
line), the direction of the line is altered and the
new line is tied to the paper location as
previously described for a highway. The fmal
location party may simply mark the location of
the line and take profile elevations, or it may
combine the .fmal location survey and the
stakeout (which is part of the construction
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Figure 8-8.Storm sewer plan and profile.

rather than the route survey) in the same
operation.

Sanitary Sewer Systems

A sanitary sewer, like a storm sewer, flows
"downhill," and design for a sanitary system is
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similar to design for a storm system. Only points
in which the systems differ will be mentioned
here.

First, let's trace the course of a system from
the outfall end up to the input end. There are
still many places where the sanitary sewer
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outfall is simply a point where raw sewage flows
into a stream, but this situation is being
replaced, as rapidly as possible, by one in which
inland systems outfall into sewage disposal or
treatment plants. Systems in coastal
communities frequently outfall into the ocean.

The outfall is, of course, the lowest point in
the system, and the outfall pipe is the pipe of
largest flow capacity. Following this pipe up, we
come to many other pipes, branching off the
main trunk in all directions, and called ly
various names, such as subtrunks, branch trunks,
or branches. These frequently follow the courses
of streams, because the- course of a stream is
always a downhill course.

Branching off from the subtrunks we find the
street sewerlines, running along the streets on
which the buildings the line serves are located.
The street lines are connected to the buildings
by BUILDING SEWERS, which in turn are
connected to the WASTE STACKS and SOIL
STACKS in the buildings. A stack is a vertical
line of soil or waste -piping, into which a
building's soil or waste- BRANCHES (pipes
running from lavatory drains, shower drains,
water closets, and other waste Sources) con-
vey liquid and semiliquid waste. A waste stack
is one which conveys waste not containing
human excrement; a soil stack is one which con-
veys waste containing human excrement.

Once the Q for a sanitary system has been
determined, the pipe is sized and graded much as
storm sewer pipe is sized and graded. A sanitary
system designer is usually dealing with smaller
pipe, however; and there are, of course, no
storm water inlets in a sanitary system.

To help prevent clogging and to facilitate
maintenance, a minimum pipe size is usually
specified which may be larger than is necessary
to carry the desigmflout at the upper ends of the
system. Typical minimum sizes are 6, 8 and 10
in., and the recommended minimum velocity of
sanitary sewers should be 2 ft per sec (sewer
flowing full).

As the area and number of building
FIXTURES (water closets, urinals, etc.) served
by a systeni increase, the chance of all the
fixtures being in use at the same time decreases;
therefore, some averaging system is needed to
achieve an economical design.
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The design engineer bases his design on the
average daily consumption of water per person
in the area to be served. A typical value is 100
gals per person per day. But the use is not
constant; consumption is greater in the summer
than in the winter, and greater during the
morning and evening than it is in the middle of
the day or at night. Therefore, the average flow
(based on the average consumption) is
multiplied by a PEAK FLOW FACrOR to
obtain the design flow. The peak flow factor is
sometimes varied as the size of an area increases,
because the larger the area, the greater the
tendency for the flow to average out.

Typical peak flow factors might range from 4
to 6 for small areas down to 1.5 to 2.5 for larger
areas. An allowance for infiltration of subsurface
water into the lines is sometimes added to the
peak flow to obtain the design flow. A typical
infiltration allowance is 500 gals per inch of pipe
diameter per mile of sewer per day.

Other Underground Utilities

More and more the advanced bases of the U.S.
Armed Forces are using underground systems
for distribution of water, power and
communication lines. There are several reasons
for this:

1. In areas subject to high winds and storms,
overhead lines can present quite a problem.

2. Landing fields need a clear area without
poles and overhead lines.

3. Areas 'used for handling and storing of
materials need open spaces for cranes and other
equipment.

4. In case of an enemy attack, the
underground lines would be subject to far less
damage compared to overhead lines.

UNDERGROUND WATERLINES.An un-
derground waterline flows under pressure, rather
than "downhill" like a storm sewer or sanitary
sewer. Therefore, the matter of gradient is not
relevant to the design problem. Usually a water-
line is simply placed at a uniform 'average
distance below the surface, called under so many
feet of "cover." However, it may be the case
that, to avoid other utilities lines in an area, the
vertical distance of a waterline below the surface
may vary. When this is the case, the system is
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both planned and profiled; otherwise it is only
planned.

As a rule there are no manholes or similar
boxes in a waterline. There are usually, however,
subsurface meter boxes, valve boxes, and the
like. All of these are shown in the plan.

The Q for a waterline is the sum of the Q's
required at the consumer endthat is, at the
fixtures (such as fire hydrants and faucets)
which convey water for consumption. The fac-
tors considered in determining pipe sizes include
the Q's needed, the pressures desired, and the
friction losses, which vary with the size, type,
and length of the line. Formulas which incorpo-
rate these factors are available in engineering
handbooks, and are referred to in sizing the pipe
for a water system.

Water is carried from the source of supply
acrosS country by a TRANSMISSION MAIN,
from which DISTRIBUTION MAINS branch off
to the streets where consumer outlets exist. A
building is connected to the distribution main
by a BUILDING SUPPLY LINE. Fire hydrants
on a street are connected directly to the
distribution main. The pipe in a main is usually
much larger than would be required to provide
buildings with required amounts of water at
desired pressure; this is because mains must be
sized to provide water, not only for domestic
use, but also for fire protection, industrial use,
and waterfront berthing'spaces. The fire demand
is usually the determining factor in sizing. As a
general ruie, the pipe in a main serving fire
hydrants is not less than 6 in.

UNDERGROUND POWERLINES.Gradient
is also, of course, not a factor in an underground
powerline. One of these lines does, however,
have manholes, in which adjacent sections of
power cable are spliced together. Cable comes
on reels, and the maximum length available on a
reel is 600 ft; therefore, power manholes are
usually located not more than 500 ft apart. The
box on a power manhole is constructed to
provide a minimum of 6 ft of head room, and
usually measures 7 ft long (dimension running
with the cable) by 5 ft wide.

The cable running from one manhole to the
next is passed through a cylindrical, pipe-like
container called a CONDUIT. The inside diame-
ter of conduit runs from 4 in. to about 6 in.
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Until recently the type most frequently used
was FIBER conduit (familiarly called ORANGE-
BURG), made of pressed wood pulp and avail-
able in 8-ft lengths, equipped with PRESSED

'SLEEVE COUPLINGS for joining together. Sim-
ilar conduit, but made of plastic, is now coming
into use. There is,also IRON PIPE conduit, in
10-ft lengths with threaded joints and asbestos
composition conduit (commonly refered to as
TRANSITE), in 10-ft lengths with pressed sleeve
couplings.

Conduit may be designed for encasement in
concrete (about 3 in. minimum cover usually
specified), or for laying directly in earth without
encasement. A small-diameter wire is threaded
through the sections, from one Manhole to the
next, as the conduit is laid in the trench. Later,
when the cable is to be run through the conduit,
the small wire is used to pull a larger PULL
WIRE or PULL ROPE through. The cable is
then pulled through with this one, either by
hand with block-and-tackle or by a poWer winch
on a truck.

Conduit is designed to be as watertight as
possible. Still, however, there is a possibility that
subsurface water may penetrate to the Cable,
and some water accumulates inside through
condensation. Therefore, drainage must be pro-
vided for by a downslope, usually specified at a
minimum of 1 percent. This may, be a down-
slope from manhole to manhole, or it may be
toward the manholes from an intermediate high
point in the conduit. The bottom of,a manhole
is constructed to drain into a gravel bed, drain
tile, or other suitable arrangement.

Conduit may be laid in a horizontal curve,
from one manhole to the next, to avoid obstruc-
tions or for some other reason. Because of the
fact that a curve in the conduit increases pull
friction, however, the radius of such a horizontal
curve must be not less than about 40 percent of
the straight-line distance between the manholes.
A double-slope duct (one that drains from the
center toward the-manholes) is laid in a vertical
curve; for a curve of this kind, the radius should
equal' the length of the straight-line run.

Angular Misplacement (for curves) limits the
total length of the run between manholes,
because of pull friction. Graphs like the one
shown in figure 6-9 give the maximum runs for
various total angular displacement. Suppose, for

6 d



Chapter 6CONSTRUCTION AND LAND SURVEYS 3qq
example, that a conduit run has three horizontal
displacements of 8°, 20°, and 12°, and two
vertical displacements of 50 and 7°, as indicated
by the chords of horizontal and vertical curves.
The total angular displacemenfis the sum of all
these, or 52°; the graph indicates that in this
case the maximum conduit run would be 390 ft.
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Figure 6-9.Maximum conduit runs for total

angular displacements.

UNDERGROUND COMMUNICATIONS
LINES.- Underground communications lines do
not carry the high voltages of underground
powerlines; therefore, the conduit for these does
not need to be as substantial:. Underground com-
munications lines are usually laid in duct made
of fiber, asbestos composition, or plastic.

The character of the route survey for under-
ground water, power, or communications will
depend on the circumstances. The route to be
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followed by the distribution part of an under-
ground powerline will follow the streets on
which the consumer outlets (buildings, street
lights, traffic lights, etc.) are locatedtherefore,
no reconnaissance or preliminary location survey
is likely to be necessary.. A fmal location survey
(probably combined with stakeout) will be nur
from a paper location. For the transmission part
of a powerline, however, reconnaissance and
preliminary location surveys may be required if
the line runs for a considerable distance over
rough, irregular country. The same is true,
generally speaking, of an underground communi-
cations line.,

STAKEOUT AND AS-BUILT SURVEYS

You know that construction surveys include
(1) marking points in the field to guide the
crews who do the work of construction; and (2)
determining the:actual horizontal and/or vertical
locations of points as built. We'll call these
operations the STAKEOUT survey and the
AS-BUILT survey, respec tively.

The as-built survey consists simply of determi-
ning horizontal and vertical locations of points,
and there shoald be little about this which you
don't already know. Also, there is little ,to be
said about building stakeout which hasn't al-
ready been said in Engineering Aid 3 & 2.
Therefore, this section will be confmed to the
structures which have been mentioned in this
chapter. Here again, the stakeout for an above-
ground utility line (which consists simply of
nmning a traverse and marking pole or tower
locations thereon) involves nothing new to you.

There is an aspect of as-built and stakeout
surveys which is of particular significance to the
party chief: he must maintain close liaison with
the other crews working on the project. Survey
parties work independently on many types of
surveys such as establishing horizontal and verti-
cal control, running preliminary lines, shooting
topo, gathering engineering data, and so on. But
in stakeout, the survey party is an integral part
of the construction team. Timing and scheduling
are important; if line and grade stakes have not
been set at the right place and at the right lime,
the work of entire constmction crews will be
delayed. The party chief must also be constantly
aware of the need for replacing stakes which

607



ENGINEERING AID 1 & C

have been knocked out by design or accident.
Frequently, changes in grade and alignment-will-
be authorized in the field to best meet the
conditions encountered. These field ,change
orders will, in many cases, require immediate
computations in the field and revisions to the
stakeout. It is. best to obtain, as-built data as
soon as a section of the work is complete. This is
particularly tnie if field changes have been
made; the press of further constructfon may
prevent a timely return to the job to obtain the
as-built data, and users of the plans may be
seriously misled in supposing that the construc-
tion conformed to the original drawings.

SEWER STAKEOUT .

To stake out a sewer, you obtain data from a
plan and profile which show (1) the horizontal
location of each line in the system, (2) the
horizontal location and character of each appur-
tenance, (3) the invert elevations at each appur-
tenance, and (4) the gradient of each line. You
will also have detail drawings of each type of
appurtenance. If appurtenances in the same
category are of different types, you may iden-
tify them by letter symbol, as "Cl "e," and so
on. In addition, identification of a particular
appurtenance may be by consecutive number,
las: "Cl " A" #3."

The stakeout consists of settifig_ hUbs and
stakes to mark the alignment and indicate the
depth of the sewer. The alignnient may be
marked by a row of offset hubs and stakes, or
by both offset hubs and a row of centerline
stakes. Qits may be shown on cut sheets (also
called grade sheets or construction sheets) or
may be marked on the stakes or both. The cuts
shown on the centerline stakes guide the back-
hoe operator or ditcher operator; they are
usually shown to tenths; they generally repre-
sent the cut from the surface of the existing
gxound to the bottom of the trench, taking into
account the depth to the invert,. the barrel
thickness, and the depth of any sand or gravel
bed. The cuts marked on the stakes next to the
hubs are generally shown to hundredths and
usually represent the distance from the top of
the hub to the invert; these cuts guide the pipe
crew. The use of these cuts in transferring the
ir.formation to batter boards or various types of
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offset string lines was described in Engineering
Aid 3 & 2.

If the survey party stakes only the offset
hubs, then the construction crew usually sets
centerline stakes for line only and uses the hubs
as a guide for the depth of excavation. The
extent of the stakeout and computations per-
formed by the survey party, and the correspond-
ing extent of such work done by the construc-
tion crew, depend on the capabilities of and the
availability of personnel, and the workload. In
any case, hubs and/or stakes are generally set at
25-ft intervals, though 50-ft and even 100-ft
intervals have been known to suffice.

Sewer hubs are usually offset from 5 to 8 ft
from the centerline. Before you enter the field,
you compute from the profile the invert eleva-
tion at every station where you will set a hub.
Consider figure 6-10, for example. This is a plan
showing a line running from a curb inlet through
two manholes to an outfall. The dotted lines are
offsets (greatly exaggerated for clearness) to
points where you will set hubs. Note that at
stations 5 + 75 and 1 + 70.21 you set two hubs,
one for the invert in and the other for the invert
out.

The invert elevations at the appurtenances are
given on the profile. Suppose that the invert out
at CI "A" #2 is 122.87 ft. The gradient for this
pipe is 2.18 percent. Station 8 + 50 lies 0.50
station, from CI "A" #2, therefore, the invert
elevation at station 8 + 50 is 122.87 ft minus
(0.50 X 2.18), or 122.87 ft minus 1.09, or
121.78 ft. You compute the invert elevations at
the other intermediate stations in the same
manner.

Suppose now that you are starting the stake-
out at CI "A" #2. The final location party left a
centerline stake at this station. You occupy this
point, turn 90 degrees left from the line to MH
"A" #1, and measure off the offsetfor exam-
ple, 8 ft. This presumes that; if the ground
slopes across the line, the high side is the side on
which the hubs are placed in figure 6-10. Hubs
are always placed on the high side, the reason
being to prevent them from being covered by
earth dozed off to form a bench for the
trench-digging rig.

You drive a hub 8 ft offset from station 9 +
00, and determine the elevation of the top of
the hub. The vertical distance from the top of
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Figure 6-10.Sewer stakeout plan.

the hub to the invert at station 9 + 00 is the
difference between the invert elevation and the
elevation of the top of the hub. The invert
elevation at station 9 + 00 is 122.87 ft. Suppose
the elevation of the top of the hub is 126.94 ft.
Then you would mark the guard stake for this
hub: "CI "A" #2 inv. C 4.07 ." Suppose the
elevation of the top of the hub^driven at station
8 + 50 was 127.33. The invert elevation at this
station is 121.78; therefore, you 'would mark the
guard stake for this station, "8 + 50, C 5.55'."

The manner in which the constructors will use
these hubs to dig the trench to grade will vary
according to the preference of the supervisor for
one of several methods. One method involves
the erection' of a batter board across the 'trench
at each hub. The top of each board is placed on
the posts f.t a set distance above invert eleva-
tionfor examOle, 10 ft. Figure 6-11 illustrates
this method.

Take station 9+00 in figure 6-10, for example.
The elevation of "the top of the hub is 126.94 ft
and the invert elevation is 122.87 ft. To be 10 ft
above invert elevation, the top of the batter
board must be placed on the post 5.93 ft above
the top of the hub. To get this distance the field
constructor would simply subtract the specified

167

NAIL IN BATTEN.., SATTER MIRO

rFfl
INVERT CP PPE

111111111PW-
TYPICAL. CROSS SECTION

NAIL SATTEN

SATTER SOARO

SIGHTING CORO

&ATM
251o60'

PLUMS SOS

112.26

MACE POLE

45.392($2A)
Figure 6-11.Satting setvirlIn. to grade.

603



ENGINEERING AID 1 & C

cut from 10 ft. At station 8+50, for example,
the height of the top of the batter board above
the top of the hub would be 10 - 5.55, or 4.45
ft

The offset is measured off from a point
directly above the hub along the batter board; a
mark here is directly over the center of the
pipeline. Battens are nailed on the batter board
to indicate sewer centerline alignment. A string
is stretched and tacked along these battens; this
string indicates the horizontal location of the
line, and it follows the gradient of the line, but
at a distance of 10 ft above the invert. The
amount of cut required to be taken out at any
point along the line can be determined by
setting a measuring pole alongside the string. If
the string indicates 8.5 ft, for example, another
1.5 ft of cut must be taken out.

Corners of rectangular appurtenance boxes
are staked out much as building comers are
staked out. For a box located where a line
changes direction, it may be desired that the
centerline of the box bisect the angle between
the lines, as described for a tower. The box for a
curb inlet must be exactly located with respect
to a street curb to be constmcted in the future;
therefore, curb inlets are usually staked out with
reference to the street plan rather than with
reference to the sewer plan.

UNDERGROUND DUCT
SYSTEM STAKEOUT

The stakeout for an underground powerline is
similar to that for a sewer. For the ducts, cuts
are measured to the elevation prescribed for the
bottom of the duct, plus the thickness of the
concrete encasement, if any. In an underground
power. system, the bottom of the manhole is
usually about 2 ft below the bottoms of the
incoming and outgoing ducts. Power and com-
munications manholes are often combined; fig-
ure 6-12 shows plan and section views of a
standard combination power and communica-

.tions manhole.
Conduit and cable connections to building,

street lighting systems, traffic light systems, and
the like, are low-voltage SECONDARY lines.
Duct connections from main-line manholes run
to small subsurface openings called HAND-
HOLES on the secondary line. The handhole

contains connections for takeoff to the con-
sumer outlet. Figure 6-13 shows plan and
section views of a handhole.

AIRFIELD SURVEYS

Airfield construction is of a special kind; for
this reason, it is discussed here under separate
heading.

AIRFIELD TERMINOLOGY

It is advisable at first to present a list of
definitions of some of the terms frequently used
in this highly specialized work. Figure 6-14 ii a
plan view of a small advanced-base field. A field
of this type is constructed for operational use in
a combat area; it contains a minimum of
servicing facilities and is not intended for perm-
nent occupancy. Some of the terms shown ar.e
defined as follows:

APPROACH ZONE is a trapezoidal area
established beyond the end zone at each end of
a runway. The approach zone must be free of
obstructions on the plane of a specific GLIDE
ANGLE.

APRON is a stabilized, paved or metal plank-
surfaced area, designed for the temporary park-
ing of aircraft other than at hardstands. Aprons
are classified as SERVICE, WARM-UP, and
PARKING.

END ZONE is a cleared and graded area that
extends beyond each end of the .runway. The
dimensions of the end zone depend upon the
safety clearances specified by the design Criteria
for advanced base airfields.

GLIDE ANGLE is the angle between the
flight path of an airplane during a glide for
landing or takeoff and a horizontal plane fixed
relative to the runway. The glide angle is
measured from the outer edge of the end zone.

HARDSTAND is a stabilized, paved or metal
. plank-surfaced parking area, of sufficient size
and strength to accomodate a limited number of
aircraft. Hardstands are usually dispersed over
the ground area beyond the safety clbarance
zones Of a landing strip. They provide protection
for aircraft on the field by dispers21, conceal-
ment, and revetment.
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LANDING AREA is the paved portion, or
runway, of the landing field. The landing area
should ha;m unobstructed approaches and
should be suitable for the safe landing and
takeoff of aircraft under ordinary weather con-
ditions.

LANDING STRIP includes= the landing -area,
the end zones, the shoulders, and cleared areas.

REVETMENT is a protective pen usually
made by excavating into the side of a hill or by
constructing an earth, timber, sandbag, or
masonry traverse, around the hardstands. Such
pens provide protection against bomb fragments
from high-altitude bombing but provide little
protection against ground strafing. They may
actually draw this type of fire if not well
concealed.

RUNWAY is that portion of the landing strip,
usually paved, where the aircraft actually land
and take off.

SHOULDER is the graded and stabilized area
adjacent to the runway or taxiway. Although it
is made capable of supporting aircraft and
auxiliary equipment (such as crash trucks) in
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emergencies, its principal function is to facilitate
surface drainage.

TAXIWrirV is a specially prepared area over
which aircraft may taxi to and from the landing
area. -

TRANSITION SURFACE is a slopihg..plane
surface (about 1 rise to 7 run) at the edge of a
landing strip. Its function is to provide lateral
safety clearance for planes which accidentally
run off the strip.

PLANNING AN AIRFIELD

Planning for aviation facilities requires special
consideration of the type of aircraft to be
accommodated; physical conditions of the site,
including weather conditions, terrain, soil, and
availability of construction materials; safety
factors such as approach zone obstructions and
traffic control; the provision for expansion; and
defense. Under wartime conditions, there are
also tactical considerations. All of these factors
affect the number,-orientation, and dimensions
of runways, taxiways, aprons, hardstands, hang-
ars, surfacing materials, and other facilities.

170



'

613

TAXIWAY

HARDSTANDS

ifI II

rrif

TAXIWAY

irSPAIDZI/ZVIII/f/

APPROACH
ZONE

MC O ORSTRUCTIONS
MOVE ANGIE OP GUM

TAXIWAY

SERVICE
APRON

WARM-UP APRON
PARKING .APRON PARKING APRON

WARM.UP APRON

LEGEND

d PAYED AREA
rj GRADED AND STAR/MED AREA
CI CLEARED AREA

OPERATIONS AND CAMP

GRAPHIC SCALE

500' 0 500' 1000'
sit

Figure 6-14.Plan view of advanced base airfield.

NOTEI FOR ANHUI) SPICINCATIONS
UI -rtANNINO CMTERIA FOR NAVY
AND MARINI CORPS ADVANCED IASI
TYPE (TAME S)

61-1

82.29



ENGINEERING AID I & C

're00

AIRFIELD ROUTE SURVEY

The "route" for an airfield is the horizontal
location of the runway centerline; 'if there is
more than one runway, there is, of course, more
than one "route." The principal consideration
with regard to the direction of a runway
centerline is the average direction of the prevail-
ing'wind in the area, since planes must take off

to the wind. The azimuth of the centerline will
te as nearly as possible the same as the average
azimuth of the prevailing wind. A smdy of the
meteorological conditions is therefore a part of
the reconnaissance survey. Other data gathered
on this survey (which may be conducted on
foot, by gp-ound surface vehicle, by plane, or by
all three) includes the land formation, erosional
markings, vegetation, configuration of drainage
lines, flight hazards, approach zone obstructions,
and soil types.

From the reconnaissance data, one or more
preliminary ceniprlines are selected for location
hy preliminary iurvey. For quick preliminary
stakeout there may be two parties, working away
from station 0 + 00 located.,at the approximate
midpoint of the centerline. In a case of this
kind, stations along the azimuth may be desig-
nated as plus and those along the back azimuth
as minus.

Level parties follow immediately behind the
transit parties, taking profile levels and cross-
sections extending the width of the strip, plus an
overage for shoulders and drainage channels.
From the preliminary survey data, a plan and
profile are made of each tentative location, and
from these a selection of a final location is
made.

AIRFIELD STAKEOUT

Airfield runways, taxiways, hardstands, and
aprons are staked out much as a highway is
staked out. There are, however, certain Special
onsiderations applying to approach zones.

You recall that an approach zone is a trape-
zoidal area beyond thd end zone at each end of p
runway, to be free of obstruction on a specific
glide angle. The size of the approach zone
depends on the type and stage of development
of the fieldfor permanent naval air stations the
trapezoidal area might be 10,000 ft long, with a

width of 1,500 ft at the outer end. For purposes
of explanation only, we'll assume that these are
the dimensions of the approach zone for which
you are surveying.

The glide angle for most types of aircraft is 2
percent, usually given as 50:1, or a rise (or drop)
of 1 vertical for 50 horizontal. Figure 6-15
shows, inplaniprofile, and isometric, an ap-
proach zone and its adjacent transition surfaces
and end of runway. You must stake out this
approach zone and check it for clearance, by the
following procedure:

Figure 6-16 shows the approach zone in plan.
The dotted line BC lies 750 ft from the
centerline. The angle at B can be determined by
solving the triangle CBD; tan B = 1250/10,000,
or 0.125000; therefore, angle B measures
7°7'30". Determining the distance from the
dotted line to the edge of the approach zone at
a4 station is similarly a simple right-triangle
solution. Suppose that AB is located at station 0
+ 00. Then at station I + 00 the distance from
the dotted line to the edge-of the approach zone
is 100 tan 7°7'30", or 100 (0.125), or 12.5 ft.
Therefore, the distance between the centerline
and the edge of the approach zone at this station
is 750 + 12.5, or 762.5 ft.

To check for obstructions, you must set up a
transit at the narrow end of Ole approach zone,
set the telescope at a vertical angle equal to that
which the glide plane makes with the horizontal,
and take observations over the whole approach
zone as indicated in figure 6-17. Determining the
vertical angle is a simple right-triangle solution.
If the glide angle is 50:1, then the tangent of the
vertical angle is 1/50, or 0.020000, and the angle
measures 108'50".

Figure 6-13 shows how the exact vertfcal
location of the glide plane varies with the
character of the surface of the end zone.

WATERFRONT SURVEYS

Under some circumstances it is possible to
chain distances over the water, however, it is
usually more convenient to triangulate offshore
distances from a shore base line. No matter how
you get offshore distamies, however, offshore
points cannot be marked like grotind points with
hubs or stakes. Therefore, in the location of

172 6 I
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Figure 6-15.Runway approach zone.
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offshore points there must usually be coordina-
tion between a survey party on the beach and a
party afloat.

40Cr.2000*-4,-

D

7° 7 '30"

A I750'

1-d--1440'

82.31
Figure 6-16.Plan view of approach zone.

OFFSHORE LOCATION
BY CHAINING

Figure 6-18 shows a situation in which off-
shore locations of piles for a wharf were
determined by chaining. We'll call each series of
consecutive piles running offshore a "line" and
each series mnning parallel to the shore a "row."
'lignment for each line was obtained by transit,
,;.et up on a shore base line offset from the

174

inboard row of piles. In each line the distance
from one pile to the next was chained, as shown.

In figure 6-18 the lines are perpendicular to
the base line, which means that the angle turned
from the base line was 90° and the distance
from one transit setup to the next was the same
as the prescribed distance between lines. If the
lines were not perpendicular to the base line,
both the angle turned from the base line, the
distance from one transit setup to the next, and
the distance from the base line to the first offshore
pile in each line would have to be determined.

Consider figure 6-19, for example. Here the
angle between each line and the base line (either
as prescribed or as measured by protractor on a
plan) is 60°40'. You can determine the distance
between transit setups by solving the triangle
JAB for AB, JA being drawn from transit setup
B perpendicular-to theline from transit setup A
through piles 1, 2, 5, 10, 16, and 25. AB
measures 50/sin 60°40', or 50/0.87178, or
57.35 ft. This, then, is the distance between
adjacent transit setups on the base line.

The distance from the base line -to the first
offshore pile in any line may also be determined
by right-triangle solution. 'For pile #1 this
distance is prescribes' as 50.ft. For piles 2, 3, and
4, first solve the triangle A2L for 2L, which is
.100/tan 29°20', or 100/0.56193, or 177.95 ft.
The distance frOm 2 to Q is 150 ft; therefore,
QL measures 177.95 - 150, or 27.95 ft. QD
amounts to 27.95/tan 60° 4 01, or
27.95/1.77955, or 15.71 ft. Therefore, the
distance from transit setup D tck pile #8 is 50 +
15.71, or 65.71 ft. Knowing the length of QL
and the distance from 3 to Q, you can determine
the distance from 3 to Q, you can determine the
distance from setup point 8 to pile 3 by solving
the right triangle LB3 for 83.

You can determine the distance E9 by solving
the right triangle M5A and proceeding as before.
You can determine the distance F15, G22, and
1123 by solving the right triangle AN1 0 and
proceeding as before. For pile #24 the distance
124 amounts to 50 tan 29°20', or 50(0.56193),
or 28.10 ft.

OFFSHORE LOCATION
BY TRIANGULATION

For piles located farther offshore, the triangu-
lation method of location is preferred. A pile
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Figure 6-17.Approach clearance for different types of end zones.

location diagram is shown in figure 6-20. It is
presumed that the piles in section X will be
located by the method just described, while
those in section Y will be located by triangula-
tion from the two control stations shown.

The base line measures (1038.83 - 443.27), or
595.56 ft, from control station to Control
station. The middle line of piles runs from
station 7 + 41.05, making an angle of 84° with
the base line. The piles in each bent are 10 ft
apart; bents are identified by letteri and piles by
numbers. The distance between adjacent transit
setups in the .base line is 10/sin 84°, or
10/0.994522, or 10.05 ft.

Bents are located 20 ft apart. The distance
from the centerline base line transit setup at

175

62.32 .

station 7 + 41.05 to pile #3 is 70 ft. The
distance from station 7 + 51.10 to pile #2 is 70
+ 10 tan 6°, or 70 + 10(0.105104); or 70 + 1.05,
or 71.05 ft. The distance from station 7 + 61.15
to pile #1 is 71.05 + 1.05, or 72.10 ft. The
distance from station 7 + 31.00 to pile #4 is
70-1.05, of 68.95 ft; that from station 7 + 20.95
to pile #5 is 68.95 - 1.05, or 67.90 ft.

You can determine dm angle you turn, at a
control station, from the base line to any pile
location, by triangle sohrtion. Consider pile #61,
for example. This pik is located (240 + 72.10),
or 312.10 ft from station 7 + 61.15 on the base
line. Station 7 + 61.15 is located (1038.83 -
761.15), or 277.68 ft from control station 10 +
38.83. The angle between the line from station 7

61 0
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to the base line.

+ 61.15 through pile #61 and the base line
measures (1800 - 84°), or 96°. Therefore, you
are dealing with the triangle shown in figure
6-21. You want to know the size of angle A.

176

a

82.33

First solve for b by the law of cosines, in which
b2 = a2 + c2 - 2ac cos B, as follows:

b2 = 312.102 + 277.682 - 2(312.10)(277.68)
cos B

The cosine of an angle larger than 90° is the
same as minus the cosine of its supplement;
therefore, the cosine of 96° is the same as minus
the cosine of 84°, or - 0.10453. So now we
have:

= 312.102 + 277.682 - 2(312.10)(277.68)
(-0.10453)
b2 = 97406.41 + 77106.18 + 18117.96
b2 = 192630.55
b = V192630.55 = 438:89 ft.

Knowing the length of b, you can now
determine the size of angle A by the law of
sines. Sin A = 312.10 sin 84°/438.89, or 312.10
(0.99452)/438.89, or 0.70699. This means that
angle A measures, to the nearest minue, 45°.

I j
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Figure 6.20.Pile location diagram.

To determine the direction of this pile from
control station 4 + 43.27, you would solve the
'triangle shown in figure 6-21. The length of side
c equals the distance along the base line from
control station 4 + 43.27 to station 7 + 61.15;
the length of side a equals the distance from
station 7 + 61.15 to pile #61. You would solve
for side b astollows: ,
b2 = 312.102 +317.882 -2(312.10)(347.88Xcos
84°)

/b2 is 97406.41 101047.69194 8357.12)(0.104523)
b2 = 198454.10 - 20733.87
b2 = 177720.23
b = VI77720.23 = 421.56 ft.

You would solve for angle D as follows:

4

177

CONTROL STA.
4+43.27

;,

82.6

sin D 312 10 sin 84° 312.10(0.99452)
421.56 421.56

0.73646

Angle D, then, would measure 470 26'. It
would probably be necessary to locate in this
fashion only the two outside piles in each bent;
the piles between these two could be located by
measuring off the prescribed spacing on a tape
stmtched between the two. For the direction
from control station 10 + 38.83 to pile #65 (the
other outside pile in bent M) you Would solve
the triangle shown in figure 6-22 as follows:

b307.902+317.882-2(307.90)(317.88)(-0.10453)
b2 = 94802.41 + 101047.69 + 20461.80
b2 = 216311.90
b = V216311.90 = 465.09 ft.

62u
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CONTROL STA.
10+38.83

A
c277.68'

STATION
7 + 61.15 -

B
C 317.88.

CONTROL STA.
4+43.27

PILE NO.61

; Figure 6-21.Trigonometric solution for pile #61. -

sin A = 307.90(0.994522) = 0.658388
465.09

Angle A = 41°10'

CONTROL STA.
I0.+ 38.83
A c 317.88'

STA. 7+ 20.95

47)

t-:

PILE' 65

82.38
Figure 8-22Trigonometric solution for

pile 465.
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For each control station a PILE LOCATIO'N
SHEET like the one shown in figure 6-23 would
be made up. If desired, the direction angles for
the piles between #61 and #65 could be
computed and inserted in the intervening spaces.

DREDGING SURVEYS

The excavation of material in underwater
areas is called DREDGING, and a DREDGE is
an excavator afloat on a barge. A dredge may get
itself into position by cross-bearings, taken from
the dredge on objects of known location on the

TRANSIT AT CONTROL STA, 10 38.83

BENT PILE BS STATION ANGLE FROM BS REMARKS

M

61 7 + 61.15 45* 00' L RIGHT

62

63

64

6f., 7 « 61.15 41° 10 L RIGHT

Figure 6-23.Pile location sheet

6
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beach, or by some other piloting method. Many
times, however, dredges are positioned by survey
-triangulation. The method of determining direc-
tion angles from base line control points is the
same as that just described.

EARTHWORK COMPUTATIONS

The computation of earthwork volumes is a
feature in nearly all construction surveys-
especially in highway and airfield constmctiort.
The computation of earthwork for airfield con-
struction is similar to that of a highway. The
earthwork procedures for highways were dis-
cussed in Engineering Aid 3 & 2; the computa-
tion of volumes by the average-efid-area method,
the contour method, and the prismoidal method
were explained.

A highway designer's concern is economy on
earthwork. He wants to know exactly where,
how far, and how much earth to move in a
section of road. The ideal situation is to balance
the cut and fill and limit the haul distance. The
technique for balancing cut and fill, and deter-
mining the economical haul distance, is by the
MASS DIAGRAM method.

MASS DIAGRAM_METHOD

The mass diagram is a gxaph or curve on
which the algebraic sums of cuts:and fills are
plotted against linear distance. Before these cuts
and fills are tabulated, the si,ells and CoMpac-
tion factors are considered in* computing the'
yardage. Earthwork that is in-Place Will *yield
more yardage when excavated and less yardage
when being compacted. An example of this is
sand: 100 cubic yards in-place yields 111 cubic.
.yards loose and only 95 cubic yards when
compacted. See _table 6-2 of soil. Conversion
factors. These factors should be. used when
preparing a table of "cumulafive yardage" for, a
mass diagram. Cuts are indicated by a rise in the.
curve, and are considered positive; fills are
indicated by a drop in the curve, and are
considered negative. The. yardage between any
pair of stations can be determined by inspection.
This feature makes the mass diagxam a great help
in the attempt to balance cuts and tills within
the limits of econornic haul.

The limit of,economic haul is reached when
the cost of haul and the cost of excavation
become equal. Beyond that point it is cheaper to
waste the cut from one place, and to fill the

table 6-2.-Soil Conversion Factors (Conversion Factors for Earth-Volurne Change)

Soil Type Soil condition initially
Converted to

In-palace Loose Compacted

In-place 1. 00 1. 11 0.95
Sand Loose .90 1. 00 . 86

Compacted 1. 05 1. 17 1. 00

In-place 1. 00 1. 25 0. 90
Loam Loose . 80 1.00 . 72

Compacted 1. 11 1. 39 1. 00

In-place 1. 00 1. 43 0. 90
Clay Loose . 70 1. 00 . 63

Compacted 1. 11 1. 59 1. 00

In-place 1. 00 1. 50 1. 30
Rock (blasted) Loose . 67 1. 00 . 87

Compacted .7.7 1. 15 1. 00

In-place 1. 00 1. 50 1. 30
...Hard coral Loose . 67 1. 00 . 87

Compacted .77 1. 15 1. 00

143.1 7
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adjacent hollow with material taken from a
nearer borrow pit. The limit of economic haul
will, of course, vary at different stations on the
project, depending on the nature of the terrain,
the availability of equipment, the type of
material, accessibility, availability of manpower,
and other considerations.

There exiSts what is called a FREE-HAUL
distancethat is, a distance over which it is
considered that haul involves no extra cost. This
distance is usually taken to be about 500
ftmeaning that it is only for hauls longer than
500 ft that the limits of economic haul need to
be considered.

Tabulating Cumulative Yardage

The first step in making a mass diagram is to
prepare a TABLE OF CUMULATIVE YARD-
AGE like the one' shown in table 6-3. Under
"End Areaswyou put the cross-section area at
each stationsometimes this is cut, sometimes
fill, and sometimes (as at station 9 + 00 and 15 +
00) part cut and part, fill. Under "Volumes" you
put the volumes of cut and/or fill between stations,
computed from the average end areas and the
distance between sections, in cubic yards. Note
that, besides the sections at each full station,
sections are taken at every plus where both the
cut and the fill are zero. Note also that cut
volumes are designated as plus, fill volumes as
minus.

Under "Algebraic sums volumes, cumulative"
you put the cumulative volume at each station
and each plus, computed in each case by
determining the algebraic sum of the volume at
that station or plus and the preceding cumula-
tive total. For example: at station 8 + 00 the
cumulative total is - 563. At station 9 + 00 there
is a volume of cut of + 65 and a volume of fill of
- 305, making a net of - 240. The cumulative
total at station 9 + 00, then, is (-563) + (-240),
or -803.

Plot ting Mais Diagram

Figure 6-24 shows the values from the table
of cumulative yardage plotted on a mass dia-
gam. The vertical coordinates are cumulative
volumes, plus or minus from a LINE OF ZERO
YARDAGE, each horizontal line representing an
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increment of 200 cu yds. The horizontal coordi-
nates are the stations, each vertical line repre-
senting a full 100-ft station.

As you can see, the mass diagram makes it
possible for you to determine, by inspection, the
yardage of cut or fill lying between any pair of
stations. Between station 0 + 00 and station 3 +
50, for example, there are about 800 cu yds of
cut. Between station 3 + 50 and station 7 + 00
there are about 800 cu yds of fill (descending,
curve). Between station 7 + 00 and station 10 +
50 there are about 850 cu yds of fill (curve still
descending), and so on.

Remember that sections where the volume
(yardage) changes from cut to fill correspond to
a maximum in the mass diagram curve, and
sections where it changes from fill to cut
correspond to a minimum. The peaks and the
lowest points of the mass diagram, which repre-
sent the maximum or minimum yardage, occur
at, or near, the gradeline on the profile.'

Balancing Cuts and Fills

To understand the manner in which the mass
diagram is used to balance cuts and fdls and how
haul limit is determined, let us examine figure
6-24. Here the profile of a road, stations 0 + 00
to 20 + 00, has been plotted above the mass
diagram. You can see that they are plotted on
the same horizontal seale. The labeled sections
and arrows on the profile show relatively what is
to be done to the cuts and fdls, and where the
limit of economical haul is exceeded, the cut is
wasted, and the fill is borrowed.

In figure 6-24, a 500-ft haul limit line has
been inserted into the mass diagram curve above
and below the lines of zero yardage (the 500-ft
distance is laid out to scale horizontally parallel
to the line of zero yardage). The terminal points
of these haul limit distances were projected to
the profile curve as indicated. You can see that
the cut lying between stations 1 + 00 and 3 + 50
can be hauled economically as far as station 6 +
00, that lying between stations 10 + 50 and 13 +
00 as far as station 8 + 00, and that lying
between stations 14 + 00 and 16 + 50 as far as
station 19 + 00. This leaves the cut between
stations 0 + 00 and 1 + 00, the Fill between
stations 6 + 00 and 8 + 00, the cut between
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Figure 8-24.Profile and mass diagram.

stations 13 + 00 and 14 + 00, and the fill
between stations 19 + 00 and 20 + 00.

As indicated in figure 6-24, the cut between
stations 0 + 00 and 1 + 00, lying outside the
limit of economical haul distance, would be
wasted; that is, dumped into a nearby spoil area
or ravine. The cut between stations 1 + 00 and 3
+ 50 would be dumped into the adjacent fill
space between stations 3 + 50 and 6 + 00. The
fill space between stations 6 + 00 and 8 + 00
would be filled with borroW; that is, material
taken from a nearby borrow pit. The nu space
between stations 8 + 00 and 10 + 50 would be
filled with the cut between stations 10 + 50 and

13 + 00, and the space between stations 16 + 50
and 19 + 00 would be filled with cut lying
between stations 14 + 00 and 16 + 50. You will
notice that the haul limit on the last section of
the mass diagram (between stations 14 + 00,and
19 + 00) is almost on the line of zero yardage.
ThisAteul limit distance is also called the balance
line, because the volume of cut is equal to the
volume of fill. If, for example, the balance line
on the last section of Pie mass diagram in figure
6-24 is only about 400 ft, then instead of
wasting the cut between stations 13 + 00 and 14
+ 00, you would use that to fill the hollow
between stations 19 + 00 and 20 + 00. Surplus

181

6 2



ENGINEERING AID 1 & C

Table 6-3.Table of Cumulative Yardage

CUMULATIVE YARDAGE

STATION
END AREAS (FT2 ) VOLUMES (YD 3)

ALGEBRAIC SUMS
CUMULATIVE

CUT . FILL CUT FILL
VOLUMES,

0 + 00 186 0 --- --- 0

I + 00 65 0 +465 --- +465

2 + 00 44 0 r 202 --- + 667

-3 + 00 22 0 + 122 --- + 789

3 + 50 0 0 +20 --- +809

4 + 00 0 22 --- -20 +789

5 * 00 0
,

44 _ _ -122 +667

6 + 00 0 65 --- -202 +465 .

7 + 00 0 186 --- - 465 0

8 + 00 0 119 --- -563 - 563

9 + 00 35 46 + 65 803

94 08 0 0 -7 -805

10 + 00 0 22 --- -37 -842
10 + 50 0 0 --- -20 -862

I I + 00 22 0 +20 --- - 842

12 + 00 44 0 H22 --- - 720

13 + 00 . 87 0 t 242 --- -478
14 4 00 218 43 +563 -80

I 5

15 + 00 64 22 *521 1 + 406

15 + 07 0 0 + 8 1 +406

16 * 00 32 0 +55 --- +461

16 + 50 0 0 *30 - +4 91

17 4- 00 0 32 --- -30 + 461

18 + 00 0 61 - -172 +289

19 + 00 0 1 5 7 --- - 405 - I I 6

20 + 00 90
_

95 +166 - 466 -416
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cut remaining would naturally be wasted after
allowing for shrinkage in the filled spaces.

LAND SURVEYS

Land surveying includes surveys to locate and
monument the boundaries of a property; prepa-
ration of a legal description of the limits of a
property and of the area included; preparation
of a property map; resurveys to recover and
remonument property corners; and surveys ,to

subdivide property.
It is sometimes necessary to retrace surveys of

property lines, to reestablish lost or obli4rated
corners, and to make ties to property lines and
comers. For example, a retracement survey of
property lines may be iequired to assiire that the
military operation of quarry excavation does not
encroach on adjacent property where excavation
rights have not been obtained. Similarly, an
access road from a public highway 'to the quarry
site which crosses privately owned property
should be tied to the property lines that are

'crossed so that correctly executed easements can
be obiained to cross the tracts of private
property.

EAs may be required to accomplish property
surveys at naval activities outside the continental,
limits of the United States for the constmction
of naval bases and the restoration of such
properties to property owners. Tlie essentials of
land surveying as practiced in various countries
are similar in principle. Although the principles
pertaining to the surveys of public and private
lands within the United States are not neces-
sarily directly applicable to foreign countries, a
knowledge of these principles will enable the EA
to conduct the survey in a manner required by
the property laws of the nation concerned.

In the United States, land surveying is a
survey conducted for the purpose of ascertaining
the correct boundaries of real estate property
for legal purposes. In accordance with Federal
and States laws, the right and/or title to landed
property in the United States can be.transferred
from one person to another only by means of a
written document, commonly called a DEED.
To constitute a valid transfer, a deed must meet
a considerable number of legal requirements,
some of which vary in different states of the

Union. In all the states, however, a deed must
contain an accurate description of the bound-
aries of the property.

A right in real property need not be complete,
outfight ownership (called ownership in FEE
SIMPLE.) There are numerous lesser rights, such
as LEASEHOLD (right to occupancy and use for
a specified term) or EASEMENT (right to make
certain specified use of property belonging to
someone else). But in any case, a valid transfer
of any type of right in real property usually
involves an accurate description of the bound-
aries of the property.

As mentioned previously, the EA may -be
required to perform various land surveys. The
EA1, as survey team or crew leader, must have a
knowledge of the principles of land surveys in
order to plan his work accordingly.

PROPERTY BOUNDARY
DESCRIPTION

A parcel of land may be described by METES
AND BOUNDS; by giving the coordinates of the
property corners with reference to:the PLANE
COORDINATES system; by a deed reference to
a description in a previously RECORDED
DEED; or by references to block and individual
property numbers appearing on a RECORDED
MAP. .

By Metes and Bounds

When a tract of land is defined by giving the
bearings and lengths of all boundaries it is said
to be described by METES and BOUNDS. This
is an age-old method of describing land and still
forms the basis for the majority of deed descrip-
tions in the eastern states of the U.S., and in
many foreign lands. A good metes-and-bounds
description starts at a point of beginning which
should be monumented and referenced by ties
or distances from well established monuments or
other reference points. The bearing and length
of each side is given in turn around the tract to
close back on the point of beginning. Bearing
may be true or magnetic grid, preferably the
former. When magnetic bearings are read, the
declination of the needle and the date of the
survey should be stated. The stakes or monu-
ments placed at each cornershould be described
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to aid in their recovery in the future. Ties from
corner monuments to witness points (trees,
poles, boulders, ledges, or other semipermanent
or permanent objects) are always helpful in
relocating cornco, particularly where the corner
markers themselves lack permanence. In ft-
-be-red country, blazes on trees on or adjacent to
a boundary line are most useful in reestablishing
the lihe at a future date. It is also advisable 'to
state the names of abutting property owners
along the 'several sides of the tract being de-
scribe'd. Many metes-and-bounds descriptions
fail to include all of these particulars and are
frequently very difficult to retrace or locate in
relation to adjoining ownerships.

One of the reasons why the determination of
boundries in the US. if often difficult is the fact
that early surveyors often confined themselves
to MINIMAL descri-Ptionsthat is, to a bare
statement f the METES AND BOUNDS,
COURSES AND DISTANCES. Nowadays good
practice requires that a land surveyor include all
relevant information in his description.

In preparing the description of a property, the
surveyor should bear in mind that the descrip-
tion, must clearly identify the location of the
property and must give all necessary data from
which the boundaries can he reestablished at any
future date. The written description contains the
greater part of the information shown on the
plan. Usually both a description and a plan are
prepared and, when the property is transferred,
are recorded according to the laws of the county
concerned. The metes-and-bounds description of
the property shown in figure 6-25 is given
below.

"All that certain tract or parcel of land and
premises, hereinafter particularly described, situ-
ate, lying and being in the Township of Maple-
wood in the County of Essex and State of New
Jersey and constituting lot shown on the
revised map_ of the Taylor property in said
township as filed in the Essex County Hall of
Records on March 18, 1944."

"Beginhing at an iron pipe in the north-
westerly line of Maplewood Avenue therein
distant along same line four hundred and thirty-
one feet and seventy-one one-hundredths of a
feot northeasterly from a stone monument at
'the northerly corner of Beach Place and Maple-
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wood Avenue; thence running (1) North Forty-
four degrees thirty-one and one-half minutes
West along land of H. L. Coombs one hundred
and fifty-six feet and thirty-two one-hundredths
of a foot to an iron bar; thence turning and
running. (2) North forty-five degrees twenty-
eight and one-half minutes East along land of S.
M. Taylor eighty-seven feet to an iron bar;
thence turning and running (3) South forty-four
degrees and thirty-one and one-half minutes East
along land of B. A. Toler one hundred and
fifty-six feet and thirty-two one-hundredths of a
foot to an iron bar in a north-westerly line of
Maplewood Avenue, thence tufning and running
(4) South forty-five degees twenty- eight and
one-half minutes West along said line of Maple-
wood Avenue eighty-seven feet to the point and
place of beginning; all bearings being true and
the lot containing a calculated area of thirteen
thousand six hundred square feet. This descrip-
tion has been prepared from a survey made by
R.F. Jones, Licensed Land Surveyor, New Jersey

map of lot mt sham, on rensoof mop of Toylor
property s '--ed in Maplewood, Essex County, Newt/sr-my
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No. 4411, said survey being dated December 11,
1944."

Another form of a lot description may be
presented as follows:

"Beginning at the northeasterly corner of the
tract herein described; said corner being_ the_
intersection of the southerly line of Trenton
Street and the westerly line of Ives Street;
thence running S 6°29'54" E bounded easterly
by said Ives Street, a distance of two hundred
and twenty-seven one hundredths (200.27) feet
to the northerly line of Wickenden Street;'
thence turning an interior angle of 89°59'16"
and running S 83°30'50" W bonded southerly
by said Wickenden Street, a distance of one
hundred and no one hundredths (100.00) feet to
a corner; thence turning an interior angle
of ... etc."

You will notice that in the above exam*,
interior angles were added to the bearings of the
boundary lines, which will be another help in
retracing lines.

By RectangulaiSystem

In the early days (from 1785) of the United
States, provisions were made to subdivide terri-
torial lands into Aownships and sections thereof,
along lines running with the cardinal directions
of north-south, east-west. Later, as additional
lands were added to the public domain, such
lands were subdivided in a similar manner.

However, these methods of subdividing lands
do not apply in the eastern seaboard (original 13
states), and in Hawaii, Kentucky, Tennessee,
Texas and West Virginia. For laws regulating the
subdivision of public lands and the recom-
mended surveying methods, check the instruc-
tion manual published by the Bureau of Land
Management, Washington, D.C.

By Plane Coordinates,

For many years the triangulation and traverse
monuments of various' domestic and foreign
survey agencies have been defmed by their
geographic positions, that is, by their latitudes
and longitudes. Property corners might be dell-
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nitely fixed in position in thesame way. The
necessary computations are involved and too
few land surveyors are sufficiently well veped in
the theory of geodetic surveying for this method
to attain widespread use. In recent years, plane
coordinate systems have been developed and
used in many states and in many foreign
countries. These grid systems involve relatively
simple calculations and their use in describing
parcels of land is increasing. Every state in the
American Union is now covered by a statewide
coordinate system commonly called a GRID
SYSTEM.

As with any plane-rectangular coordinate
system, a projection employed in establishing a
State coordinate system. may be represented by
two sets of parallel straight lines, intersecting at
right angles. The network thus formed is the
GRID. A system of lines representing geographic
pirallels and meridians on a map prOjection is
termed GRATICULE. One set of these lines is
parallel to the plane of,a meridian passing
approximately through the center of the area
shown on the grid, and the grid line corres-
ponding to that meridian is the Y-AXIS of the
grid. The Y-axis is also termed the CENTRAL
MERIDIAN of the grid. Forming right angles
with the Y-aXis and to the SOUTH of the area
shown on the grid is the X-AXIS. The point of
intersection of these axes is the ORIGIN of
coordinates. The position of a point represented
on the grid can be defined by stating two
distances, termed COORDINATES. One of these
distances, 1rnown as the X-COORDINATE, gives
the position in an EAST-and-WEST direction.
The other distance, known as the Y-COOR-
DINATE, gives the position in a NORTH-and-
SOUTH direction; this coordinate is always
positive. The X-coordinates increase in size,
numerically, from west to east; the Y-coordi-
nates increase in size from south to north. All
X-coordinates in an area represented on a State
grid are made positive by assigning the origin of
the coordinates: X = 0 plus a large constant. For
any point, then, the X-coordinate equals the
value of X adopted for the origin; plus or minus
the distance (X') of the point east or west from
the central meridian (Y-axis); and the. Y-coordi-
nate equals the perpendicular distance to the
point from the X-axis. The linear unit of the
State coordinate systems is the foot of 12 inches
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defmed by the equivalence: 1 international
meter = 39.37 inches exactly.

The linear distance between two points on a
State coordinate system, as obtained by compu-
tation or scaled from the grid, is termed the
'GRID LENGTH of the line connecting those
points. The angle between a line on the grid and
the Y-axis, reckoned clockwise from the south
through 360°, is the GRID AZIMUTH of the
line. The computations involved in obtiining a
grid length and a grid azimuth from grid
coordinates are performed by means of the
formulas of plane trigonometry.

A property description by metes and bounds
might include -points.located by coordinates as
follows: "Commencing at U.S. Coast and Geo-
detic Survey Monument 'Bradley, Va', having
coordinates y 75,647.13 ft and x = 35,277.48
ft, as based on the Virginia Coordinate System,
North Zone, as a& all the coordinates, bearings,
and distances in this description; thence S
36°30`E, 101.21 ft to the intersection of Able
Street and Baker Avenue, whose coordinates are
y 75,565.77 ft and x = 35,337.45 ft, etc."

By Blocks, Tracts, or
Su bclivisions

In many counties and municipalities the land
of the community is divided into subdivisions
called BLOCKS, TRACTS, or SUBDIVISIONS.
Each of these subdivisions is further subdivided
into LOTS. Blocks and tracts usually have
numbers, while a subdivision usually has a name.
Each lot within a block, tract, or subdivision
usually has a number.

From data obtained in a TAX MAP SURVEY
or CADASTRAL SURVEY, a MAP BOOK is
prepared which shows the location and bound-
aries of eaeh major subdivision and Of each of
the lots it contains. The map book is filed in the
county or city recorder's office, and hence-
forward, in deeds or other instruments, a partic-
ular lot is described as (for example): "Lot 73 of
Tract 5417 as per map recorded in book 72,
pages 16 and 17, of maps, in the office of the
county/city recorder of (named) county/city",
or as "Lot 32 of Christopher Hills Subdivision as
per, etc."

JOB REQUIREMENTS OF THE
LAND SURVEYOR

In resurveying property boundaries and in
carrying out surveys for the subdivision of land,
the EA performing land surveys has the follow-
ing duties, responsibilities, and liabilities:

1. Locate in the public iecords all deed
descriptions and maps pertaining to the property
and properly interpret the requirements con-
tained therein.

2\ Set and properly reference new monu-
men4 and replace obliterated monuments.

3. ke liable for damages caused by errors
resulting from incompetent professional work.

4. Attempt to follow in the tracks of the
original surveyor, relocating the old boundaries
and not attempting to correct the original
survey.

5. Prepare proper descriptions and maps of
the property.

6. May be requited to connect a property
survey with control monuments so that the grid
cabrdinates of the property corners can be
computed.

7. Report all easements, encroachments, or
discrepancies discovered during the course of the
survey.

8. When original monuments cannot be re-
covered with certainty from the data contained
in the deed description, seek additional evi-
dence. Such evidence tIiust be substantial in
character and must not be merely personal
opinion.

9. In the absence of conclusive evidence as to
the location of a boundary, seek agreement
between adjoining owners as to a mutually
acceptable location. The surveyor has no judicial
functions; he may serve as an arbiter in relocat-
ing the boundary according to prevailing circum-
stances and procedures set forth by local au-
thority.

10. When a boundary dispute is carij&d to the
c6urts, he may be called upon to ap ear as an
expert witness.

11. He must respect the laws of teespass. The
right to enter upon property in conducting
public surveys is provided by law in most
localities. In a few political suinlivisions, recent
laws make similar provision with respect to
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private surveys: Generally, the military surveyor
should request permission from the owner be-
fore entry on private property. When lacking
permission from an adjoiner, it is usually possi-
ble to make the survey without trespassing on
the adjoiner's land, but such a condition norm-
ally adds to the difficulty of the task. The
surveyor is liable for actual damage to private
property resultingfronthis.operations.

A primary responsibility of a land surveyor is
to prepare boundary data which may be submit-
ted as evidence in a court of law in the event of
a legal dispute over the location of a boundary.
The techniques of land surveying do not vary in
any essential respect from those used in any
other type of horizontal-location surveyingyou
run a land-survey boundary traverse, for exam-
ple, just as you do a traverse for any other
purpose. What distinguishes land surveying from
other types of surveying is the fact that a land
surveyor is often required to decide the location
of a boundary on the basis of conflicting
evide nce.

For example: suppose you are required to
locate, on the ground, a boundary line which is
described in a deed as running, from a de-
scribed point of beginning marked by a de-
scribed object, N 26°I5'E, 216.52 ft. Suppose
you locate the point of beginning, run a line
therefrom the deed distance in Me deed direc-
tion, and drive a hub at the end of the line. Then
you notice that there is, a short distance away
from the hub, a driven metal pipe which shows
signs of having been in the ground a long time.
Let's say that the bearing and distance of the
pipe from the point of beginning are N 26°14'E,
215.62 ft.

You can see that there is conflicting evidence
here. By deed evidence the boundary runs N
26°15'E, 216.52 ft; but the evidence on the
ground seems to indicate that it,runs N 26°14'E,
215.62 ft. Dia the surveyor who drove the pipe
drive it in the wrong place, or did he drive the
pipe in the right place and then measure the
bearing and distance wrong? The land surveyor,
on the basis of experience, judgment, and
extensive research, must frequently decide ques-
ticns of this kind. That is to say, he must possess
the knowledge, experience, and judgment to

select the best evidence when the existing
situation is conflicting.

There are no specific Jules which can be
consistently followed. In the case mentioned,
the decision as to the best evidence might be
influenced by a number of considerations. The
pipe is pretty close to the deed location of the
end of the boundary. This might, everything else
being equal, be, a point in favor of considering
the pipe bearing and distance, rather than the
deed bearing and distance, to be correct. If the
pipe were a considerable distance away, it might
even be presumed that it was not originally
intended to serve as a boundary marker. Addi-
tionally the land surveyor would consider the
fact that, if the previous survey was a compara-
tively recent one done with modern equipment,
it would be unlikely that the measured bearing
to the pipe would be off by much more than a
minute or the distance to the pipe off by much
mpre than a tenth of a foot. However, if the
previous survey was an ancient one, done pier-
haps with compass and chain, larger discrepan-
cies than these would be probable.

Further considerations would have to be
weighed as well. If the deed said, "From (point
of beginning) along the line of Smith N 26°15'E,

216.52 ft", and you found the remains of an
ancient fence on a line bearing N 26°15'E, these
remains would tend to irouch for the accuracy of
the deed bearing, regardless of a discrepancy in
the actual bearing of the pipe or other marker
found.

To sum up.: in any case of conflicting evi-
dence, you should (1) -fmd out as much as you
can about all, the evidential circumstances and
conditions, using all feasible means, including
questioning of neighboring owners and local
inhabitants and examination of deeds and other
documents describing adjacent property, and (2)
select the best evidence cm the basis of all the
circumstances and conditions.

As in many other professions, the surveyor
may be held liable for incompetent services
rendered. For example, if the surveyor has been
given, in advance, the nature of the,structure to
be erected on a lot, he may be held liable for all
damages or additional costs incurred as a result
of an erroneous survey; and pleading in his
defense that the survey is not guaranteed will
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not stand up in court. Since a civilian profes-
sional surveyor must be licebsed before he can
practice his profession, he must show that
degree of prudence, judgment, and skill reason-
ably expected of a member of his profession.

LAND-SURVEY GENERAL
PROCEDURE

As there are no universal rules for the
weighing of evidence, so there are no universal,
unvarying rules for land-survey procedure. The
typical problem, however, usually breaks down
into the following major action phases.

1. The location, study, and (when necessary)
interpretation of all the available deeds, con-
tracts, maps, wills, or other documents which
contain a -description of the boundaries. The
principal repository for most Of these instru-
ments is usually the files in a city or county
records office. The mere deciphering of ancient,
handwritten documents is an art in itself. And
here again it is not unusual to encounter
conflicting evidence, in the shape of documents
which 'purport to describe the same property,
but which describe it differently. Or. you may
flnd a document in which some of the languages
may bear more than one interpretation. In this
last case you apply, as well as you can, a legal
maxim which goes to the effect than an ambig-
uous document should be given the sense which
the maker of the document may be reasonably
presumed to have intended.

2. The determination, after study of all the
documents and related evidence, Of what the
true property description may be presumed to
be, and from this a determination of what
physical evidence of the boundary locations
exists in the field. Physical evidence means for
the most part MONUMENTS. In land-surveying
parlance, the term MONUMENT applies to any
identifiable object which occupies a permanent
location in the field and serves as a reference
point or marker for a boundary. A monument
may be a NATURAL monument, such as a rock,
a tree, or the edge of a stream; or it may be an
ARTIFICIAL monument, such as a pipe or ,a
concrete monument. Do not use perishable
markers for monuments, such as a wooden
marker which decays easily.

3. The location, in the field, of the existing
physical evidence of the boundaries.

4. The gstablishment of the boundary. This
involves those decisions previously mentioned as
to the best evidence. It also involvesAhcsetting,.._
referencing, and marking of points which should
have been marked in previous surveys but
weren't, or which were marked with markers
which have since disappeared.

5. The preparation of the property descrip-
tion.

PLATS OF SURVEYED LANDS

The official plat of a township or other
subdivision is the drawing on which is shown the
direction and' length of each line surveyed,
established, retraced, or resurveyed; the relation-
ship to adjoining official surveys; the bound-
aries, designation, and area of each parcel of
land; and, insofar as practicable, a delineation of
the topography of the area and a representation
of the culture and works of man within the
survey limits. A subdivision of the public lands is
not deemed to have been surveyed or identified
until the notes of the field survey have been
approved, a plat prepared, the survey accepted
by the Director of the Bureau of Land Manage-
ment as evidenced bY a certification to that
effect on the plat, and the plat has been filed in
the district land office. Figure 6-26 shows a
typical township plat. The original drawing
shows both a graphical scale and a representative
fraction for both the township as a whole and
for the enlarged diagram. Because the plat has
been photographically reduced, the rep=
resentative fraction and scale are no longer true.
Plats are drawn on sheets of uniform size 19" X
24" in trimmed dimensions, for convenience in
filing. The usual scale is 1" = 40 chains,
equivalent to a representative fraction of
1:31,680. Where detail drawings of a portion of
the survey area are required, scales of 1 inch
equals 20 chains or 1 inch equals 10 chains may
be used. A detail of a small area may be shown
(fig. 6-25), as an inset on the main plat. Larger
details are drawn on separate sheets. When the
drawing is simple, with few topographic or
hydrographic features or works of man to be
shown, the entire drawing is in black ink. When,
as in figure 6-26, the features other than the
survey lines are quite extensive, c,olor printing is

188
f;:?



TOWNSHIP 15 NORTH. RANGE 20 EAST. OF THE PRINCIPAL MERIDIAN. MONTANA.

s Warto

ENLARGED DIAGRAM

371

0. _arm Nomad Or WA Naos
0.01a. Me ft NeolOWO Mosv Aw.

Mar

MEMO IMMO. MVP,
Moo. Ow sodo oot ISl

41111,11.17 Aro.

NAM! IM
Farb AO A.A.* i Om A Air. MO I On 4 00

KO a/ .4110 ea/ ..40.111.118. lame./ Ito AM. "MAN I
pir oo toga pPkp Ip011 AAA I. AI *AP A N.A.

Soolo

OMP *WM IT41MU OOPPOPTIOT OP MI VIVIAN
IANKIVW 1410 MIA441WINIT

WAY.. I 4
n AO IISIISMU MU* ll WA, NI Me81. t MU Apatiam Syr sol

Os Nowise.. NO loroft. kw* Al.

Nun 41-28.Typicol towmhIp plot.

632

45.804



ENGINEERING\AID 1 & C

used. Survey lines, numbers, lettering, and rail-
roads are printed in black; topographic relief,
roads, highways, trails, culture, alkali flats,
sandy-bottom draws, and sand dunes are shown
in brown; rivers, lakes, streams, and marshes are
shown by conventional symbols in blue; and
timbered areas are indicated in green. Where
such a green overprint might obscure other
details, the presence of timber may be indicated
in a note (fig. 6-26). These several colors are not
shown on the reproduction of the plat presented
in fig. 6-26, although the various features are
indicated in appropriate colors on the original
map where this figure was reproduced.

A property plat plan must contain the follow-
Sing:

I. Directional orientation, usually indicated
by NORTH arrow.

2. Bearing and distance of each boundary.
3. Corner monuments.
4. Names of adjacent owners, inscribed in

areas of their property shown.
5. Departing property lines. A departing

property line is one which runs from a point on
one of the boundaries of the surveyed lot
through adjacent property. It constitutei a
boundary between areas belonging to two adja-
cent owners.

6. Names of any naturar monuments which
appear on the plat (such as the name of a
stream); or the character (such as "10-in, oak
tree") of any natural monuments which have no
names.

7. Title block, showing name of owner, loca-
tion of property, name of surveyor, date of
survey, scale of plat, and any other relevant
data.

The preceding items are those which usually
appear on any plat. Some land surveyors add
some or all of the following as well.

I. Grid lines or "ticks" (a grid "tick" is a
marginal segment of a grid line, the remainder of
the line between the marginal ticks being omit-
ted), when determinable.

2. On a plat on which grid lines or ticks are
shown, corner locations by grid plane coordi-
nates.

3. Streams, roads, wooded areas, and other
natural features, whether or not they serve as
natural monuments.

.4,
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4., Surveyor's certificate. This is a statement
(required by law in many states) in which the
surveyOr makes personal affidavit as to the
accuracy of the survey. A typical certificate
might read as follows: "I, (surveyor's name),
registered land surveyor, hereby certify that this
plat accurately shows property of (owner's
name), as acquired in Deed Book 60, page 75, of
the land record of (named) County, State of
(name)."

5. The area of the property.

LAND SURVEY PRECISION

Most land surveying of tracts of ordinary size
is done by transit-tape. For a large tract,
however (such as a large Government reserva-
tion), corners might be located by triangula-
tionor primary horizontal control might be by
triangulation and secondary control by supple-
mentary traversing.

The precision used for land surveying varies
directly with the value of the land, and also with
such circumstances as whether or not important.
structures will be erected adjacent to the prop-
erty lines. Obviously, a tract in lower Manhat-
tan, New York (where land may sell for more
than a million dollars per acre) would be_
surveyed with a considerably higher precision
than would be used for surveying a rural tract.

Again there are no hard-and-fast rules. How-
ever, the prescribed order of precision for
surveying the boundaries of a naval station
might require the following:

I. Plumb bobs used for alignment and to
transfer chained,distances to the ground.

2. Tape leveled by Locke level.
3. Tension applied by spring balance.
4. Temperature correction.
5. Angles turned 4 times.

If you turn angles 4 times with a 1-minute
transit, you are measuring angles to approxi-
mately the nearest 15 seconds. The equivalent
precision for distance measurement would be
measurement to the nearest 0.01 ft. Four-time
angles might be precise enough for lines up to
500.00 ft long. For longer lines, a higher angular
precision (obtained by repeating 6 or 8 times)
might be advisable.



CHAPTER 7

TOPOGRAPHIC SURVEYS

Topographic surveys are made to obtain field
data from which topographic maps may be
made, indicating the relief, or the configuration
of the earth's surface, and the location of
natural and man-made objects.

The objectives of topographic surveying in-
clude:

1. Establishing horizontal control.
2. Determining vertical control.
3. Determining horizontal location and eleva-

tion of a sufficient number of ground points to
provide data for the map.

4. Locating such other natural or man-made
details as required.

5. Calculating anglei, distances, and eleva-
tions.

6. Plotting and finishing the topographic
map.

To accomplish pie forementioned objectives,
various methods are employed to produce topo-
graphic maps. The location (both horizontal and
vertical) of topographic details by transit stadia
from traverse stations is described in Engineering
Aid 3 & 2. In this chapter the general approach
to the mapping problem, from the party chiefs
'viewpoint, will be described with detailed refer-
ence to the planetable methods of locating
details.

This chapter also contains a section devoted
to surveys in support of geology and pedology,
which are related to the use of topographic
maps.

TOPOGRAPHIC SURVEYS

The procedures to be used in producing a
topographic map depend on the use to which
the map is to be put and the time and facilities
available. Under some circumstances it is more
economical to use aerial photogrammetry; in
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these cases the fieldwork is limited to establislk
ing horizontal and vertical control, checking,
and perhaps picking up some extra details. Some
of the factors which affect the decision as to
whether topo should be flown or shot in the
fielu are the size of the site, the purpose of the
map as reflected in the scale and contour
interval needed, the denseness of the underbrush
(which obscures the bottoms of swales and
ravines), the. types of trees and the time of the
year as reflected in whether or not leaves are on
the trees.

The methods to be used in a field topoiiiiiey
depend largely on the purpose of the map. For
example, the horizontal and vertical control may
not have to be as precise, and the detail as
extensive, for a 1" = 200' and 5' contour
interval, map to be used for preliminary planning
as for a 1".= 50' and 2' contour interval map to
be used for design of streets, utilities, and site
grading.

DEVELOPMENT OF
TOPOGRAPHIC MAPS

Typical steps in the development of a map at
the latter scale might be as follows: First,lather
all available maps, plats, survey data, and utili-
ties data which pertain to the site and study
them carefully. Consider the boundaries of the
site in relation to the intended use of the topo
map. If the map is to be used for design
purposes, certain off-site inform'ation will be
even more important than on-site details. For
example, the location and elevations of utilities.
and nearby streets is vital. The location of
drainage divides above the site and details of
outfall swales and ditches below the site are
necessary for the design of the storm drainage
facilities. Topographic details of an off-site strip
of land all around the proposed limits of
construction are necessary so that grading can be
designed to blend with adjacent areas. Decide on
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the datum and bench marks to be used; consider
previous local surveys, USC &GS monuments,
sanitary sewer inverts (not rimsthey are fre-
(*nay adjusted) and assumed datum. Deter-
mine whether or not there is a coordinate
system in the area monumented sufficiently for
your use; if not, plan on using assumed coordi-
nates. In the latter case, decide on the source of
the meridian: adjacent surveys, magnetic, as-
sumed, or shooting the sun or Polaris.

Next, perform a reconnaissance survey. Ob-
serve the vegetation and decide how many men
you will need to cut brush. Select main control
traverse stations at points appropriate for plane-
table setups. Decide on the number and location
of cross ties or secondary traverse lines needed
to provide sufficient plane-table stations. Select
these points so that plane-table setups will have
to be extended only a minimum distance before
checking back into Control.

The next step is to run the traverse lines,
checking its directions from time to time where
necessary on long traverse. Checks could be
done by astronomical methods, by cut-off lines,
or by connecting the traverse with established
points. Then run the levels, _turning on all
traverse stations. Close, balance, and coordinate
the main. traverse. Then adjust the cross ties into
the main traverse. Balance the levels. Plot the
traverse stations by coordinates on the plane-
table sheets (milar or stabilene sheets are ideal).
Be sure there is sufficient overlap of all sheets.
Be sure there is sufficient control on each sheet
for orientation, and for extension of setups (if
neceSsary). Number the traverse stations with
the same numbers marked on the guard stakes in
the field and show the elevations.

The plane table work is the final big step of
the fieldwork. But some transit and level work
may still need to be done. The location of some
details (such as street centerlines or buildings)
may be needed to a precision greater than that
obtainable with the planetable; tie such details
to the traverse by transit tape survey. For design
purposes, the elevation of some points (such as
the inverts of culverts, paved flumes, and sewers,
and the tops of curbs and gutters) may be
needed to a precision greater than that obtain-
abie with the planetable. Use the level to obtain
such elevations. The fmal step in the production
of the topographic map is, of course, tracing the

information from the planetable sheets onto the
final drawing.

Random traversing, as described in the fore-
going, is not the only way of establishing
horizontal control. Grids are frequently used.
One good way of identifying grid lines is to
assign a letter to each ,line ill one set, and then
run stationing along each line. Another method
is used in the example described in the following
paragraphs.

Suppose that a site chosen through recon-
naissance for an advanced base with airstrip
facilities is as shown in figure 7-1. Here there is a
sheltered water area for a potential harbor, a
strip of woodland extending back from the
shore, and then a strip of clear level country
where an airstrip could be constructed.

Topographic data for a map of this area might
be gathered by three field parties, two of them
transit-level parties and the third a planetable
party. The transit-level parties would operate in
the wooded and the water areas, the planetable
party in the clear area.

Basic horizontal control is the MAIN BASE
LINE, run along the edge of the wooded area as
shown. Topographic details in Ale clearing will
be plotted from planetable stations tied to the
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main base line. Details in the wooded area and
offshore will be plotted from stations on a grid
tied to the main base line.

Transit-level party #1 runs the main base line
from station 0 +MO, located at random; setting
hubs at every 500-ft station. Transit-level party
#2 runs a LATERAL base line from 0 + 00,
perpendicular to the main base line, and sets
hubs at every 500-ft station. From every 500-ft
station on the main base line, party #1 will run a
LATERAL, perpendicular to the maim base line
(and therefore parallel to the lateral base line,
party #2 will run a LONGITUDINAL, perpen-
dicular to the lateral base line (and therefore
parallel to the main base line).

You can see that the coordinates of a point of
intersection between a longitudinal and a lateral
are the designations of the longitudinal and the
lateral-similarly. The coordinates of any point in
the grid area are the main base line station and
the lateral base line station of lines perpen-
dicular to the main base line and the lateral base
line passing through ihe point. You designate
any point by its grid coordinates, expressed in
fractional lorm, one over the other. You must
decide which coordinate you will place on top,
and then BE SURE TO STICK TO YOUR
RULE. We'll place the lateral coordinate (that is,
the main base line station) on top. For the point
of intersection between lateral 15 + 00 and
longitudinal 10 + 00, for example, our designa-
tion will be 1500/1000.

With regard to the vertical control situation, it
may be the case that there are no established
bench marks in the area. If this is so, the level
group from party #2 should take a series of rod
readings, over a succession of high and low-tides,
or on the high-water mark wash line along the
beach. The average of all these readings may be
used as a temporary vertical control datum, until
a more accurate datum is obtained from tide
gage readings. From a temporary BM at or near
the beach, a line of levels can be run to station 0
+ 00 on the main base line. Temporary eleva-
tions of hubs in the main base line and the
lateral base line can then be determined.

Finally, the transit-level parties will shoot the
detail in the vicinity of each of the 500-ft points
Of the intersection on the grid.
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DETAIL BY PLANETABLE

The planetable party will be engaged in the
process of locating detail and drafting a map of
the clear area in a single operation.

A planetable field party for a large survey
should consist of an instrumentman or topogra-
pher, a notekeeper or computer, and- one or
more rodmen. The instrumentman operates the
planetable and alidade, making the observations
and performing the plotting and sketching. He
reads off the rod readings and vertical angles to
the notekeeper, who records and reduces the
field notes:The notekeeper computes the eleva-
tions and the horizontal distances. The rodman's
job is to occupy the minimum number of points
required to give an adequate representation of
the ground being surveyed.

Planetable Equipment

For regular topographic mapping, a 24" X
30" planetable is generally employed. An ali-
dade and stadia rod or Philadelphia rod are used
in combination with the planetable. With these
instruments, the direction, the distance, and the
difference in elevation can be measured, com-
puted, and plotted directly in the field. The
planetable operation produces a completed
sketch or map without need for further plotting
or computing. Mistakes are easily recognized and
corrected right in the field.

A small table called a traverse table, about
18" X 24", is often used for reconnaissance
sketching and small-scale mapping. Some tra-
verse tables are equipped with a ruler sight
alidade with hinged sights similar to those on a
surveyor's compass. Others merely contain a
scale, the edge of which is used for sighting. A
trough compass is countersunk along one edge
of most traverse tables to facilitate orientation.

Special weather-resistant drawing paper is
available for planetable work. The paper should
be attached before the board is oriented and
leveled.

Planetable Methods

There are four common methods of orienting
the planetable; they are radiation, progression,
intersection, and resection. Each of these meth-
ods is discussed separately below.

H3 c;
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RADIATION.In this method the detail in a
circular area around the planetable is plotted
from a single setup. Select a point on the
drawing paper to represent the point on the
ground. The planetable is set up over the point
on the ground whose position has been previ-
ously.plotted, or will be plotted, on the plane-
table sheet during the operation. The board is
oriented either by using a magnetic compass for
north-south orientation, or by sighting on an-
other visible point whose position is plotted.
The board is clamped and the alidade iS pointed
toward any new desired point using the plotted
position of the setup ground station as a pivot.
A line drawn along the straightedge, which is
parallel to the line of sight, will give the plotted
direction" from the setup point to the desired
point. Once the distance between the points is
determined, it is plotted along the line to the
specified scale. The plotted position represents
the; new point at the correct distance and
direction from the original point. By holding the
planetable orientation and pivoting the alidade
around the setup point, the direction to any
number of visible points can be quickly drawn.
The distances to these points, determined by
any convenient method as prescribed by the
desired accuracy, can be plotted along their
respective rays from the setup point. Thus, from
one setup, the positions of a whole series of
points can be established quickly. For mapping,
the difference in elevation is also determined
and plotted for each point. The map is com-
pleted by subdividing the distances between
points with the correct number of contours
spaced to represent the slope of the ground.

In clear, level country, detail within a radius
of about 1500 ft can be located with reasonable
accuracy. This means that, from four setups, an
area of about a square mile c= be covered. The
clear arealhown in figure 7-1 measures 3500 by
about 2000 ft, or just about one-third square

Figure 7-2 shows how this rectangular clear
area could be covered, with considerable overlap
to spare, from two instrument points tied to the
midpoint of the main base line.

PROGRESSION.In radiation, as you can
see, successive planetable instrutnent points are
located by triangulation. In progression, the
planetable might be said to generate a traverse as
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Figure 7-2.Planned planetable stations to

cover a rectangular area.

it moves along. Figure 7-3 illustrates the meth-
od. Here the planetable progressed from station
A through B, C, and D .to E, thus plottitg the
closed traverse ABCDE. You locate your starting
point on the paper so as to ensure that all the
other stations on the traverse will lie within the
margins of the paper, which of course involves
selecting an appropriate distance scale as well.

Set up the table so that starting/point a on the
paper is directly over station A on the gxound.
Orient the board by aligning the edge of the
blade with point a, sighting through the tele-
scope on station B, and then pivoting the board
so as to bring line ab (to be drawn along the
edge of the blade) where you want it to come on
the paper.

Determine the horizontal distance from sta-
tion A to station B, and lay off ab to scale. Then
shift to station B, plumb b on the paper over B
on the ground, set the edge of the blade on b,
backsight on station A, and bring ba in line with
the edge of the blade. Then proceed with station
C as you previousl did with B.

INTERSECT .When two points which
can be occupied by the planetable bave already
been plotted on the paper, the location of a
third point can be plotted by determining the
point of intersection of lines of direction from
the already plotted points. This method, known
as intersection, is illustrated in figure 7-4.

You wish to locate point X, and you have A
and B plotted. Plumb point A on the paper over
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Figure 7-3.--Progression.

station A on the ground, set the edge of the
blade- on A, and line up the edge with line AB, as
indicated in figure 7-4. Then-revolve the board
until the telescope is trained on point B on the
ground. Now, keeping the edge of the blade on
A on the paper, train the telescope on point X
on the ground. The_edge_of the bladeis now on
the line from A on the ground to X on the
ground; draw a line along the edge from A
toward X.

Now shift the planetable to B on the ground,
and iepeat the procedure you carried out at A.
You v)ill wind up with two lines on the paper,
one from A, the other from B, toward X. The
point where these two lines intersect is the
plotted location of X.

RESECTION.This method, like intersection,
is one in which you have two points plotted and
desire to locate a third. It varies from intersec-
tion in that, instead of occupying the already
plotted points with the planetable, you occupy
instead the point whose location is being sought.

82.42

PLANE/ABLE
STATION B

PLANE TABLE
STATION A

Figure 7-4.intersection.
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figure 7-5 illustrates the method. This figure
shows one-point resection. Here you have a
point of known location, A, and a point, X,
whose location is desired. First measure the
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XA ON ME GROUND

Figure 7-5.One point resection.
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horizontal distance between A and X by an
appropriate method. Then set up the planetable
at X, train the telescope on A, orient the board
so that XA will lie where you want it on the
paper, and draw a line along the blade from A
toward X. Lay off A7 to scale on this line.

In THREE-POINT resection (familiarly called
the THREE-POINT problem) you determine the
location of a point with reference to three
points of known location. The method is fre-
quently used to locate minor triangulation
stations with reference to m4jor stations. Two
common solutions are the LEHMANN TRI-
ANGLE OF ERROR solution and the TRAC-
ING CLOTH or MECHANICAL solution.

Figure 7-6 illustratesAhe_Lehmann solution.
Theligure shows three located points: A, B, and
C. The planetable is set up over D, a point whose
location is desired, and oriented as closely as
possible, either by compass or by eye.

If the table were oriented correctly, resection
lines from A, B, and C would intersect only at a

Figure 7.6.Triangle of error.
82.45
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point, d. In most cases, however, these lines
intersect to form a small triangle (a'b'c' in fig.
7-6), called the TRIANGLE OF ERROR. The
correct location of .d is at the center of this
triangle. i

In figure 7-6 the planetable is set up over a
point which is inside the triangle formed by
stations A, B, and C. Therefore, the plotted
position d lies at the center of the triangle of
error, and it is fairly easy to estimate where this
center is. However, it could be the case that the
point whose location is sought may lie outside
of the triangle formed by the, three located
points. In a case of this kind you would use the
tracing-cloth solution.

Observe figure 7-7, which illustrates the trac-
ing-cloth solution. Here there are three located
points, A, B, and C, and a point, P, whose
location is desired, lying outside the triangle
formed by A, B, and C. First, set up the
planetable, on which is mounted the paper with
a, b, and c plotted thereon, over P, and orient it
as closely as possible. Then fasten a sheet of
tracing cloth or transparent paper over the
board, and locate P' by sighting on A, B, and C.
Draw in P'e, P'b`, and P'c'.

Figure 7-1Tracing cloth solution.

;5V
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Now. unfasten the tracing cloth, rad move it
into a position where these three lines pass
through plotted points a, b, and c. P' on the
tracing cloth will now be located at the correct
location of point P.

Values of Planetable Method

Advantages of the planetable method of
topographic surveying are as follows:

1. The map is made directly in the field, thus
combining the data-collection and drafting into
a single operation.. The area under survey is
visible as a whole, which tends to minimize the
overlooking of important data. Errors in meas-
urement may be easily checked by taking check
observations on a prominent point whose posi-
tion has been plotted on the map. If the edge of
the blade does not contact the proper point or
points, an error is indicated. An error thus
located can be easily corrected on the spot.

2. The planetable method greatly reduces the
number of field notes required, and conse-
quently the number of computations. This in
turn reduces the number of opportunities for
errors and mistakes.

3. The graphic solutions of the planetable are
much quicker than the same solutions by meth-
ods requiring angular measurements, linear meas-
urements, and computations, Thus a great deal
more area can be covered in much less tinie.

4.. When_thecourttry_ is_open_and_ level, the
planetable topographer has a wider choice in the
selection of detail points. He need not be
hampered by backsight-foresight requirements.
He can locate inaccessible points easily by
graphic triangulation, or quickly determine the
location of a point w:th reference to one, two,
or three points of known location.

Disadvantages of the planetable method are as
follows:

1. The planetable and its plotting and draw-
ing accessories are more difficult to transport
than transit-stadia equipment.

2. Weather not bad enough to rule out
transit-stadia will make planetable work impossi-
ble.

3. The use of the planetable is limited to
relatively level, open country.

SURVEY SUPPORT FOR GEOLOGY
AND PEDOLOGY

This section discusses surveys in support 6f
geology and pedology. In essence, it is a topogra-
phic survey, however, you must' be aware of the
other specialized data that may be included as
required by the Geologist or the Soil Engineer
when collecting data for engineering studies for
naval construction projects.

SURVEY SUPPORT FOR GEOLOGY

The end product of most topographic surveys
is a topographic map. In geology orother related
sciences, the topographic survey is the rust part
of a series of interrelated surveys, the end
product is a map containing nOt only topogra-
phic information, but also other specialized data
keyed*o it. In geologic surveys, a geologist
makes'systematic observations of the physical
characteristics, distribution, geologic age, and
structure of the rocks as well as the ground
water and mineral resources that, the rock
contain. These observations are expressed in
finished form as geologic maps-and texts. The
objective of the geological survey is to portray,
in plan or in cross section, geological data
required for subsequent constructions or for
other uses.

Pure geologic data has little direct application
to naval problems, however, if the iield informa-
tion is interpreted into specialized lines, it is of
considerable use in Naval Construction Forces
planning and operations. Construction Forces
requirements may necessitate regional geologic
study and mapping, surveys of more limited
areas, or the development of detailed geologic
data at a construction site.

Methods of Geologic Surveying

Most geologic data is gathered from an
examination of rocks in the field. In addition,
examination of drainage and relief patterns on
detailed maps or aerial photographs provides
considerable supplementary data on rock struc-
tures and distribution.

In the field, the geol.:gist conducts his survey
by examining the rock, whether it is exposed at
The surface and not covered by soil or other
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material. At such exposures, called OUTCROPS,
he systematically records the physical character-
istics of, the rock, thickness of exposure, inclina-
tion of-rock beddir.g, and development of joints
or fractures. In addition, the age of the rock is
determined from fossils or the sequence of rock
units. Rock investigations are n'Ot confmed to
surface exposures, as the deeper seated rocks are
examined by using samples obtained from auger
or boreholes. The information gathered by the
geologist is placed on a Map base by plotting the
rock types in color with other data incorporated
as symbols or annotations. To amplify the map
data, more complete descriptions of outcrops
are entered in notebooks with the entries keyed
to the field map. Surveyors support the geologist
by preparing basic topographic maps on which
the results of geologic investigations art plotted
and by making such tie measurements to geolo-
gic features as the geologist may require.

The geologist uses simple survey methods in
plotting geologic features on a field map. Where
an outctop can be located with reference to a
cultural or relief feature, it is generally plotted
cn a map by spot recognition. In other cases, the
relation of a geologic feature to a recognizable
topographic feature is established by using a
magnetic compass to deterinine direction, and
by pacing or taping to measure distance. Slope
or =all differences in elevation are measured by
using a clinometer or hand level, while an
altimeter is used where there are large differ-
ences in elevation. When the geologic survey is
keyed to a large-scale plan, the geologist general-
ly uses a planetable and data is plotted with
accuracy commensurate with the accuracy of
the base plan.

Base Map Surveys

The survey for the base map should precede
the geologic survey, because the geologist uses
the map in the field to plot his data aird to
determine his position by identification of
topographic details. If aerial photographs are
available, the base Map need not be made before
the geologic survey, since the geologist can use
the aerial photograph as a plotting base and later
transfer the data to a base map. However, where
possible, the bate map should be prepared in advance
as the number of aerial photographs needed to
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cover an area is generally too large to be handled
in the field.

Planetable topography is the method best
suited to relatively open country. In the absence
of detailed instructions, the following specifica-
tions are generally satisfactory:

1. BASE DIRECTION. To determine a base
direction, take from a known base, a side in a
triangulation net, or a course of a basic control
traverse.

2. LOCAL HORIZONTAL CONTROL. Use
planetable traverses run in closed circuits or
between known control stations of a higher
order of accuracy, or locate planetable stations
by graphical triangulation.

3. LOCAL VERTICAL CONTROL. Where
the terrain is relatively level, carry elevation
along traverses by vertical angle or stadia-arc
measurements, adjusting elevations on closure at
a basic control station. For rugged . terrain
mapped at one of the larger contour intervals,
barometric or trigonometric leveling is suitable.

4. SIGHTS. Use telescopic alidade.
5. DISTANCE MEASUREMENTS. Use, in

general, stadia or graphical triangulation to
locate points and station. Certain measurements
can be made most conveniently by pacing or
rough taping.

6. CONTOURING. Locate and determine the
elevations of controlling points on summits, in
valleys and saddles, and at points of marked
change of slope. Interpolate and sketch contours
in the field, using these elevations for control.

7. ACCURACY. Distance measurements by
stadia should be accurate to 1 part in 500.
Sideshot points located by pacing or other rough
measurements should be accurate to within 25
ft. Sights for traverse lines or graphical triangula-
tion should be taken with care to obtain the
maximum accuracy inherent in the telescopic
alidade. The error in the elevation of any point,
as read from the finished map, should not
exceed one-half of the contour interval.

Topography may be located more conven-
iently in heavily timbered Country by stadia
measurements from transit-stadia traverse than
by the use of the planetable, although the time
required for plotting will be increased. The
specifications Etcd above are generally applica-
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ble. Read horizontal angles on traverses to I
minute, and horizontal angles for side shots
which will be plotted by protractor to the
nearest quarter-degree. Read vertical angles for
elevation determination to I minute or use the
seadia arc. Keep complete and carefully prepared
stadia notes and sketches to assure correct
plotting.

When the geologist indicates that a map of a
lower order of accuracy will fulfill his needs,
planetable or compass traverses are suitable.

Use of Aerial Photographs

If aerial Photographs are available, the geolo-
gist generally uses them in the field in lieu of a
map. The most satisfactory results are obtained
from large-scale photographs 1:15,000 or larger.
Some topographic features, such as some ra-
vines, rocky knobs, sinkholes, are too small to
be shown on maps. These features, as well as the
larger topographic forms such as stream channels
and swamps, can be observed directly from
aerial photographs. The photos also can be used
to prepare a base map for portrayal of the field
data by tracing planimetric detail from an
uncontrolled mosaic with spot elevations added
from field surveys. Use of contact prints of
aerial photographs by the geologist in place of
the base map is satisfactory, except where large
scale plans for engineering purposes are to be the
base. In such a case the distortion within an
aerial photograph does not permit plotting of
geologic data commensurate with the accuracy
of the final plan.

Map Bases for Detailed
Geologic Surveys

Detailed geologic surveys generally cover a
specific map area, geographic region, or specified
site from scales of 1:62,500 to 1:600 or larger.
In general, the very large scales are used for
specific engineering or mineral development
problems.

-
SITE PLANS AND PROFILES.Geologic da-

ta affecting foundation design at construction
sites are plotted on plans drawn to scales of 1

inch = 50, 100, 200, or 400 feet. Contour
intervals may range from 1 to 10 feet, depending
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upon the roughness of the terrain. Planetable
mapping is suited to plotting the topographic
features, ranges, and reference points used to
locate drill holes, rock outcrops, and other
geologic data. When plotting contours on a 1- or
2-foot-interval it is better to locate points which
are actually on the contours or to determine
elevations at the intersection of closely spaced
grid lines staked out on the site rather than to
use the method of contouring specified earlier in
this section. In addition to a plan, the geologist

may require that profiles be drawn along selec-
ted lines or that the boring logs of test holes be
plotted to suitable scales.

USING A TOPOGRAPHIC MAP AS A BASE
MAP.The base map for a detailed geologic
survey is a complete topographic map or plan
with relief expressed by contours. Colors and
symbolization of basic details are simple so that
they will not conflict with the overlay of
geologic information that is shown by colors and
symbols. Published topographic maps are used
where suitable. The geologic survey is expedited
if the map base is from a quarter to double the
scale of the map ,at which the information is to
be presented. Enlargements of the base map are
generally used to satisfy this requirement, rather
than using other maps of a larger scale. This
permits the direct reduction of geologic data to
the scale of the final map with a minimtun
amount of drafting.

When no topographic map is available or if
existing maps are not suitable, a base map or
plan must be prepared from detailed topogra-

phic surveys. Culture and relief (contours)
should be shown in the greatest-detail possible.
The survey for the base should conform to third
order accuracy where large geographic areas are
concerned. Maps made from aerial photographs
using precise instrument methods, such as multi-
plex, can be used in place of field surveys.
Altitude or elevation of the intersection of
boreholes and the surface should be accurate to
,the nearest half-foot.

SURVEY IN SUPPORT
FOR PEDOLOGY

If there is a requirement for pedological
mapping for the purpose of locating the limits of
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sand or gravel deposits suitable for concrete
aggregates, road materials, or for other construc-
tion operations, the pedological survey is con-
ducted under the direction of the soils engineer,
and the surveyors mission is one of support to
the soils engineer's objective.

The engineer's objective in a pedological
survey is to prepare data in plan and profile
symbolizing soils and outcroppings on maps,
overlays, and sketches for subsequent engineer-
ing uses..The following approaches may be used
in conjunction with soils survey operation.

1. Aerial photography may be used when an
extensive area is to be surveyed. Usually there
are no survey measurements required in this
case.

2. Maps of an area of several square miles in
extent are required when an initial study or
technical reconnaissance is needed- for an engi-
neering project. Low-order survey measurements
usually suffice for the preparation Of a recon-
naissance sketch upon which the soils engineer
can plot the pertinent data.

3. A sketch of an airfield, for example, is
frequently required by the soils analysts before
construction planning can be initiated. In this
case the surveyor applies low-order measure-
ments to prepare a sketch (1 inch = 100, 200, or
400 feet) upon which the soils engineer plots the
results of soil tests and findings.

Aerial Photography

Photo coverage of the area under considera-
tion facilitates the establishment of control for
the pedological survey. The use of vertical aerial
photographs in the planning phase of outlining
grourid control will speed the survey regardless
of the size of the area to be covered. If
controlled photographs are available, the survey
engineer can locate points by pricking or keying
them to the photographs. An uncontrolled
photograph may be satisfactory for the surveys
of low-order accuracy mentioned in the preced-
ing paragraph. The survey party chief prepares,
according to the soils analyst's instructions,
maps or overlays upon which are plotted the
control and ties to pedological features. The
pedological interpretation of aerial photographs
is the responsibility of the terrain analysts.
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Planetable Traverse

The planetable traverse is best adapted to
relatively open country for the preparation of
the basic sketch upon which the soils engineer
plots pertinent data. In the absence of detailed
instructions from the soils engineer, the follow-
ing procedures are generally satisfactory for
preparing a sketch of an area of several square
miles (3 miles by 3 miles maximuth for initial
exploration):

1. SCALE. 1:12,500 or 1:25,000.
2. TRAVERSE CONTROL. Run in circuits

or between known positions of a higher order of
accuracy.

3. SIGHTING. Use a peep-sight or a telescopic
alidade.

4 DISTANCE MEASUREMENTS. Pace or
rough tape. When a telescopic alidade is avail-
able, use stadia measurements where possible
with a view to reducing the time required for the
survey rather than increasing the accuracy.

5. BASE DIRECTION. To determine a base
direction, select known bases: railroad or high-
way tangents, recognizable features, or reliable
topographic maps. In the absence of these
known bases, then use magnetic north as deter-
mined by compass observations.

6. COMPASS. Use military compass, forestry
compass, or pocket transit.

7. DISTANCE B8TWEEN BASIC CONTROL
POINTS. Maintain 3 miles as 4he extreme
maximum distance between stations.

8. ACCURACY. Distances should be meas-
ured in such a manner that points can be plotted
within 25 feet. For the scales suggested, meas-
urements to 1 part in 100 will suffice. Take
sights with peep-sight alidade with care to main-
tain directions of an accuracy comparable to
distances.

9. TOPOGRAPHY. Usually not required on
reconnaissance surveys for pedology, particular-
ly in areas of low relief. Where suitable deposits
of sand, gravel, or stone have been located, route
surveys from the site to the point of use may be
required for the location of haulage roads,
conveyors, or other means of transporting the
material In hilly terrain, rough topography,
obtained by clinometer, pocket transit, or sta-
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dia, may be required to facilitate the location of
a favorable route.

Compass Traverse

The compass traverse is more convenient in
heavily wooded areas although more time is
required for plotting than is the case with
planetable traversing. Traverse lines between
stations should be long in order to reduce the
number of observed bearings. Points between
stations are located by offsets from the traverse
lines. _Where local attraction affects compass
readings, pointt are plotted by intersection.
Survey readings may be plotted in the field.
Notes should be kept in case it is necessary to
retrace the traverse. In the absence of detailed
instructions from the soils engineer, the basic
guides for planetable traverse apply.
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Field Sheets and Site Plans

The survey engineer must furnish the toils
analysts with suitable maps, overlays, and
sketches for the plottineof pedological data.
After the preparation of a reconnaissa4e field
sheet of an area of several square miles, th'e-soils
analysts may require a sketch of a particular site
in which many samples are taken for a more
detailed study. In the absence of detailed in-
structions, the surveyor prepares a sketch on a
scale of 1 inch = 400 feet and provides ranges
and reference points to aid in plotting of tying
in specific positions of auger holes, drill holes,
and lines of exposed rock or other pedological
features. For plotting the data of a range, cross
section, or series of boreholes, the soils analyst
may require the surveyor to provide a basic plot
on a scale of 1 inch = 100 feet or of 1 inch =
200 feet. Survey measurements will be con-
ducted accordingly.

(



CHAPTER 8

HORIZONTAL AND VERTICAL CURVES

The surveyed centerline of a road orhighway
consists of a series of straight lines and curves.
Many people may rate a highway as smooth or
bumpy; however, surveyors and engineers will be
concerned about its physical and safety features.
When you consider its horizontal alignment or
changes in 1orizontaI direction, you will be
concerned wiflh HORIZONTAL CURVES; when
'you think tout slopes (the rise and fall), you
will be concerned with VERTICAL CURVES. It
is the introduction of these curves that makes
modern travel more comfortable and enjoyable.

As an EAI or EAC you might have to design
these curves yourself; generally, however, your
main concern is to compute for the missing
airve elements and parts as problems occur in
the field in the aztual curve layout. You will
fmd lhat a thorough knowledge of the proper-
ties and ..behavior of horizontal and vertical
curves as employed in highway work will elimi-
nate delays and unnecessary labor. Careful study
of this chapter will alert you to common
problems in horizontal and vertical curve lay-
outs.

HORIZONTAL CURVES

When a highway changes horizontal direction,
it is not feasible to make the point where it
changes direction a point of intersection be-
tween two straight lines. The change in clirection
would be too abrupt for the safety of modern,
highspeed vehicles. It is therefore necessary to
interpose a CURVE between the straight lines.
The straight lines of a- road are called TAN-
GENTS because the lines are tangent to the
curves used to change direction.

In practically all modern highways, the curves
are CIRCULAR curves; that is, curves which
form circular arcs. The smaller the radius of a
circular curve, the sharper the curve. For mo0-
ern, high-speed highways the curves must 1*
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very flat, rather than sharp, meaning that they
Must be large-radius curves.

COMPUTATION OF HORIZONTAL CURVES

In highway work, the curves needed for the
location of improvement of small secondary
roads may be worked out in the field. Usually,
however, the horizontal curves are computed
after the route has been selected, the field
surveys have been done, and the survey base line
and necessary topographic features have been
plotted. In urban work, the curves of streets are
designed as an integral part of the preliminary
and final layouts which are usually done on a
topographic map. In highway work, the road
itself is the end result and purpose of the design;
but in urban work the streets and their curves
are of secondary importance, and the best
utilization of the building sites is of primary
importance.

The design of the curve consists principally of
selecting the length of the radius (or "degree of
curvature," explained later). This selection is
based on such considerations as the design speed
of the highway and the sight distance as limited
by headlights or obstructions (see fig. 8-1).
Typical radii which you may encounter are
12,000 feet or longer,on an interstate highway, 1,000
feet on s major,thoroughfare in a city, 500 feet on
an industrial access road, and 150 feet on a
minor residential street.

ELEMENTS OF A CURVE

Refer to figure 8-2, which shows some of the
elements of a circular curve.

P.C. Point of curvature. Also designated B.C.
(beginning of curve) or T.C. (tangent to
curve).
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HEADLIGHT SIGHT DISTANCE

.

OBSTRVCTION

Figur. 8-1.Linsis of sight

OBJECT

P.I. Point of intersection or tangents. Also
designated designated V (vertex).

P.T. Point of tangency. Also designated E.C.
(end of curve) or C.T. (curve to tangent).

A (I) (Greek letter delta). Central angle; that
is, the angle which subtends the total arc
of the curve. Is always equal to the
deflection angle at the P.I. Also desig-
nated I (intersection).

R Length of the radius. The radius is
always perpendicular to the back tangent
at the P.C. and to the tangent ahead at
the P.T.

L Length of the curve. Also designated A
(arc).

45.339 T Tangent distance. The distance from the
P.I. to the P.C., or the distance from the
P.I. to the P.T. Said distances are always
equal.

P.O.C. Any point on the curve.

Figure 8-2.Curve aliments.
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C Chord distance. The straight line dis-
tance from the P.C. to the P.T. Called
the LONG CHORD (L.C.) to distinguish
it from any other shorter chord, such as
the one labeled SC in the illustration.

E External distance; from the P.I. to the
midpoint of the curve. Also called the
external secant.

M Middle ordinate. Distance fron, the mid-
point of the curve to the midpoint of the
long chord.

DEGREE OF CURVATURE

An element of a curve that deserves separate
attention is the DEGREE OF CURVATURE
(D). Quvature may be identified by simply
stating the length of the radius of the curve; this
was done earlier in the chapter when typical
radii for various roads were cited and is com-
monly done in land surveying, and in the design
of Urban streets. But in highway and railroad
work, the curvature is defined by the degree of
curvature. There are two definitions of the
deme of curvature; both are illustrated in figure
8-3. According to the ARC DEFINITION, the
degree of curvature is the central angle which
subtends 100 feet measured along the ARC of
the curve. According to the CHORD DEFINI-
TION, the degree of curvature is the central
angle which subtends a portion of the curve
which has a CHORD of 100 feet. Therefore, if
you take a sharp curve, mark off a portion so
that the distance Along the ARC is exactly 100
feet, and determine that the central angle for
that portion is 12°, then you have a curve for
which the deigee of curvature (arc definition) is
12° or, as commonly stated, you have a "12°
curve". If you take a flat curve, mark a 100-foot
CHORD, and determine the central angle to be
0°30', then you have a "thirty-minute curve,
chord definition." The chord definition is used
in railraod practice and in some highway work.
The chord definition was adopted because of its
practical application in the field. When you
measure around a curve with a 100-foot tape,
you are measuring a series of 100-foot chords.
The arc definition is widely used in highway

ARC DEFINITION

CHORD DEFINITION

45.341
Figure 8-3.Degree of curvature.

practice because it facilitates the complex com-
putations needed for modern highway design.

CURVE FORMULAS

The relationship between the elements of a
curve are expressed in a variety of formulas.
Generally, if you know two elements, you can
compute the other elements. This is not true,
however, in the case of R and D, because as
explained before, they are both expressions of
curvature. Which factors Are given will vary with
the job. On a highway project, the A at the
(or I) will have been measured in the field and
then the design criteria will indicate the required
D (or R). On urban streets, the A might be_
protracted from the preliminary plau and the T
or R measured on the plan. The T and L must be
computed in most cases so that you may

204
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properly station the curve (explained later.) The
M or E may control the design of a curve or
provide a check on the design of a curve to meet
field conditions. Suppose that the alignment of a
road is being established in the field, and that
the location of the tangents has been decided
upon (fig. 8-4). Therefore the A may be meas-
ured in the field, providing one given element
for the computations. Suppose it is decided that
the curve should be distance "a" off the center
front of building A. Turn angle a (alpha), which
. 180° A

'
at the P.I. and measure down to

2
point A; the measured distance is the E of the
curve. Thus a second element is provided,
permitting the complete computation of the
curve. Or suppose, in another case as shown in
figure 8-5, that the alignment of tht tangents has
been determined, A measured, and a tentative
P.C., P.T., and T selected. Suppose further that
it is desired to check whether the resulting curve
clears building B. Using the formulas presented
in this section, compute C and M. Lay off 1/2 C,
occupy point C, turn 90° and lay off M, setting
point B. Then observe whether or not the
clearance of building B is satisfactory. Of the

Figura 8-4.Measuring E.
45.342
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PC. RT.

45.343
Figure 8-5.Checking by use of M.

many curve formulas that may be developed, the
formulas in this section are a few that are
commonly used in practice.

Radius and Degree of Curvature

In the case of the arc definition, figure 8-6,
the ratio between D (the angle subtended by
100 ft of arc) and 3600 (angle subtended by a
complete circle) is the same as the ratio between
100 ft of arc and the circumference of a circle
having the same radius. Circumference equals
2irR; therefore,

solving for R:

and also:

f; 4 3

D 100
360 = 27rR

100 X 360
R

27rD

5729 58
R

5729 58D =
R
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Figure 8-6.R and D, are definition.

For a 10 curve, D =4; therefore R = 5,729.58 ft.
In the case of the chord definition, figure 8-7,

D subtends a I 00-ft chord. In the right triangle,

solving for R:

. D 50sin
2 R

For a 10 curve, D/2 is 0°30', and the value for R
computes to be 5,729.65 ft.

You wR1 notice that the radii for 10 curves by
the two definitions have very nearly the same
value: 5,729.58 as opposed to 5,729.65. For
some calculations not requiring great precision,
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45.344

the rounded-off value of 5,730 feet is used for
the radius of a 10 curve.

Tangent Distance

If you study figure 8-8, you will see that the
solution for T (tangent distance from P.C. or
from P.T. to P.I.) is a simple right-triangle
solution. T is one of the shorter sides of a right
triangle; R is the other shorter side. T is the side

opposite an angle 'which measuresA Therefore,2'

and solving for T,

A Ttan =
2 R

T=Rtan
2
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Figure 8-7.R and D, chord definition;

45.346
Figure 8-8.Tangent distance.

Chord Distance

The solution for the length of C is again a
simple right-triangle solution. (See fig. 8-9.)
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`, \\\

i

45.345

One-half ofl C is one of the shorter sides of a
right triangle; R is the hypOtenuse of the same
triangle. One-half C is the side opposite an angle

A
equal to 2

Therefore,

4. 'C/2

Solving for C:
. .

C/2 = R sin N2
C = 2R sin NT-

Middle Ordinate and External Distance

Two commonly used formulas for M and E
are:

M = R (1 - cos A/2)
E. =: T tan N4

,
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45.347
Figure 8-9.Chord distance.

Length/of Curve

In the arc definition of the degree of curva-
ture, length is measured along the arc. The
relationship between L and a complete circle of
the same radius, and A and the central angle of a
complete circle (360°), may be expressed as (see
fig. 8-10A)

from which

L = A
27rR 360

L 27rRA

Since there are 27r radians in a circle the
number of radians corresponding to a given A
are:

A

360 X 27r

2 Ir RA
isNote that in the equation L , the R

the only factor not included in the expression
above for the number of radians. Therefore, the
arc length may be expressed:

L=RX A in radians.

45.348
Figure 8-10.Length of curve.

This expression is frequently used to compute A
by referring to a table of radians (sometimes
called a "table of arc lengths for unit radius").

The relationship between D (see fig. 8-10B)
and A and L and a 100-foot arc len,gth may be
expressed:

from which

L = A
100 D

AL = 100
D

This expression is also applicable to the chord
definition (see fig. 8-10C). But L in this case is
not the true arc length, because, in the expres-

A ' Asion L = 100 indicates the number ofd D
100-foot CHORD lengths and not the number of
100-foot ARC lengths.

208 .
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Cbrve Areas

It is frequently necessary, when computing
land areas, to determine certain areas bounded
by elements of the curve. Two of these areas,
which may be called the SEGMENTAL AREA
(SA) and the EXTERNAL AREA (EA), are
shown in figure 8-11.

EXTERNAL AREA

SEGMENTAL
AREA

PC A\ \s. PT

82.172
Figure 8-11.Curve areas.

Formulas which may be used to compute
these areas are:

SA = R/2 (A - R sin A)
EA = R (T - A/2)

A computational check may be made by
comparing the sum of these two computations
against the value determined by using the
formula

SA + EA = C/2 x C/2 x tan Al2.

In order to get an exact check on your
computations, you may have to use, for compu-
tational purposes, a greater number .of signifi-
cant digits for the elements (A, C, T, etc.) than
you would normally need for stakeout.
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An example of a computation
follows.

GIVEN:

TO FIND:

R = 400.00 ft.
= 42°06'24"

C = 287.39 ft.
T = 153.973 ft.
L = 293.960 ft.

of the areas

EA, SA, and SA + EA

SOLUTION: SA = R/2 (A - R sin A)
SA = 400.00/2 (293.960 -

(400.00 x 0.670513)
SA = 200.00 (293.960 -

268.205)
SA = 200.00 (25.755)
SA = 5,151 sq. ft
EA = R(T-02)
EA = 400.00 (153.973 -

(293.960/2) )
EA = 400.00 (153.973 -

146.980)
EA = 400.00 (6.993)

EA = 2,797 sq. ft.

The sum of the two computations above is:

SA + EA = 5,151 + 2,797 = 7,948 sq. ft.

To check the above:

SA + EA = C/2 x C/2 x tan A/2
SA + EA = 287.39/2 x 287.39/2 x

tan 21°03'12"
SA + EA = 143.695 x 143.695 x 0.394932
SA + EA = 2064.825 x 0.384932
SA + EA = 7.948 sq. ft.

DEGREE OF CURVATURE
COMPUTATIONS

The magnitude of the numerical differences
between the arc and chord definitions of the
degree of curvature is indicated in figures 8-12
and 8-13. In figure 8-12 you are given a curve of,
12,277.70 ft. radius with a A of 56°30'. From
tables (discussed later) you fmd that the D
(chord def.) is 0°28'00", which is 0.46666667°
in terms of decimals of a degree. From before,
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L(chord def.)-12,107.14'
L(arc det)*12,107.18'

0(0-lard def.)028100.000
0( arc def.). 027' 59.996"

45.349.1
Figure 8-12.Example 1: Degree of

curvature computetions.

L(chord def.)144.87'
L(arc def.)g147.71'

( chord W.)2139'00'00"
D(arc def.)3815' 04"

45.349.2
Figure 8-13,7-Example 2: Degree of

curvature computations.

AL = 100-- .Substituting,L = 100 x 56.500000 =
0.46666667

12,107.14 ft. (chord def.). For the length by the
arc defmition you may use L = 2ir Rd . Using the

360
given radius, L computes to be 12,107.18 feet
(arc def.). To find D (rc def.), you may use the
relationship L = 100 , which may be arranged

100 A
D . Since you know A and L, you may
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substitute and find that D (arc def.) =
0.46666543° or 0°27'59.996". As you can see,
there is very little difference between the L's
and D's for a curve of such long radius.

Now refer to figure 8-13. Again you are given
a A of 56°30'. But you are now. given a short
radius of 149.79 feet. From tables based on the
chord definition, you may determine that D

A(chord def) = 39°00'00". Using L = 100 15, you
find L (chord def.) = 144.87 feet. Using the
same procedures as for the long radius curve,
you fmd D (arc. def.) = 38°15'04" and L (arc
def.) = 147.71 feet. Compare the D's and L's
and you will see that there is a marked differ-
ence.

In these examples, the A and R were held in
each case, and the D and L computed for each
definition. The same magnitude of differences
may be shown by holding any two of the
elements (except, of course, R and D) and
computing the others. From this demonstration
you should learn two important facts. First, that
you must always determine whether arc or
chord definition is intended when D is specified.
Second, that the numerical differences between
the arc and chord defmitions are much more
significant on short radius curves than on long
radius curves.

PLOTTING AND STATIONING
A CURVE

You now have all the formulas you need to
make a basic analysis and a plot of a horizontal
curve. The data you have given is the location of-
the P.I., the size of A (the central angle), and the
degree of curvature (D). We'll assume that the
degree of curvatiqe (arc definition) is 2°00', that
the location of the P.I. is station 75 + 15.12, and
that the size of A is 45°30'.

Begin by plotting the tangents from the P.I. as
illustrated in figure 8-14. Draw one of the
tangents at a convenient angle on the paper, and
draw the other at a deflection angle of 45°30'.
Mark the point of intersection (P.I.) with the
station (75 + 15.12).

The next step is to locate the P.C. and the
P.T. by computing T. To compute' T, you must
first compute R, which is 3,729.58/D, or
5,729.58/2, or 2,864.79 ft. T equals 2,864.79
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45.350
Figure 8-14.Plotting a curve.

tan 1/2 A, or .2,864.79 tan 22.75°, or (by slide
rule) 1200 ft. For more precise values, you will
have to use logs or a calculating machine.

Select a suitable scale on the engineer's scale,
and measure off 1200 ft on the tangents from
the P.I. This locates; the P.C. and the P.T. Draw
the radii froin the P.C. and the P.T. by erecting
perpendiculars to the tangents. Each radius
should scale 2,864.79 ft. and the angle between
them should measure 45°30'. If this is not the
case, you have made a mistake somewhere.

Compute and set down the stations of the
P.C. and P.T. The station of the P.C. is (7515.12
- 1200), or 6315.12, or 63 + 15.12. The station
of the P.T., however, is DEFINITELY NOT
(7515.12 + 1200), or 8715.12, or 87 + 15.12,
and you must avoid the common mistake of
assuming that it is. The distance from the P.C. to
the P.T. is the LENGTH OF THE CURVE or L.
To compute the station of the P.T., you must
compute L and add it to the station of the P.C.
L equals 100 A/D or 100 x 45.5/2 or 2275.00 ft.
The station of the P.T., then, is (6315.12 +
2275.00), or 8590.12, or 85 + 90.12.

In highway work, the SURVEY BASE LINE,
which is run in the field before the curves are
designed, is generally stationed as shown in

211

figure 8-15, example A. After the curves are
computed, new stationing is set on the center-
line, using the lengths of the curves in the
manner just described. The new P.L stations are
based on stationing back, not ahead. 'Reference
may be made on the plani to the original SBL
stations of the P.I.'s as shown in figure 8:15,
example B. In some cases, where there are few
curves, for example, you may fmd it desirable to
use the original stationing-on the tangents and
establish an EQUALITY at the P.T., as shown in
figure 8 .5, example C. At an equality, the
stationing value for the line back- is different
from the stationing value of the line ahead. In
the illustration, the difference between the L
and the sum of the rs is reflected in the
difference of the stationing back and ahead.
Equalities are also used to correctfor revisions
to the centerline alignment after the fmal
stationing has been set, and also to correct for
errors or mistakes in fieldwork or computations.
An equality is sometimes. marked on the plan
with a distinctive symbol to help direct atten-
tion to the change in stationing.

65.*

Figure 8-15.Stationing curves.
45.351



ENGINEERING AID I & C

TABLES OF CURVE FUNCTIONS

Many of the eiements of curves you have
computed may be obtained more easily, par-
ticularly in the field, from tables.

Radii

Figure 8-16 shows a page from a table of
.7ZADII AND THEIR LOGARITHMS. This table
contains the radii and their logarithms for curves
of every degree of curvature, chord definition,
to the nearest minute, from 00 to 400. As you
can see, the radius for the 2-degree curve used in
the last section is listed as 2864.93 ft; for the arc
definition, we got 2864.79 ft. Next to the radius
is the log of the radius.

Functions of a 1° Curve-Arc Definition

Figure 8-17 shows a page from a table of
FUNCTIONS OF A 1° CURVE, arc definition,
using R = 5730. This table lists, under central
angles to the nearest minute from 00 to 106°,
the L.C., M, E, and the T of a 10 curve. To get
the L.C., M, E, or T for a curve other than a I°
curve, you divide the listed value by D, the
degree of curvature. For us, D equals 2°. Under
45° and beside 30 the listed T is 2402.8. This is
T for a 10 curve with a 'A of 45°30. For our 2°
curve, T equals 2402.8/2, or 1201.4 ft.

The explanation of why dividing a tabular
value by your given degree of curvature (D) will
give you the value for that particular curve is as
follows. You know that, for any given hori-
zontal curve, T = R tan 1/2 A, and R = 5730/D.
Therefore, substituting 5730 for R in the first

equation, T 5730 X tan I/2A.
The'values given

for T in the table are denved from this formula,
with a D, in each case of 1°. For example. for a
curve with a central angle (A) of 5", the listed
value of T is 250.17. If you work out the

5730 tan 2.5°formula you will find that the

trsult is 250.17. You can see that, to get the
value for a D of other than I°, you would
simply substtute tht D for the I in the
formula. To divide the result of the formula by
the specific D amounts to the same thing.
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The explanation with regard to the L.C. is
similar. For any horizontal curve, L.C. = 2R sin
1/2 A. Substituting 2(5730/D) for 2R, L.C. =
11460 sin 1/2 A

The values in the table are
derived from this formula, with a D in each case
of 1°. To convert a tabular value to a value for a
D of other than 10, ybu simply divide the
tabular value by the specific D.

The procedure for the determination of M
and E are, again, similar. For a curve of given A,
divide the tabular M or E by. the given D to
obtain the final value of M or E.

Precision of Computations

The values in the table of functions of a 10
curve shown in figure 8-17 are based on a 1°
curve having a radius of the rounded-off value of
5730 feet instead of the more precise value of
5729.58 feet (arc definition) presented earlier in
the chapter. This difference won't matter for
many types of computations, but there are times
when you may be using numbers with so many
significant figures that the table will not provide
the proper precon. For example, the- curve in
figure 8-12 has a radius of 12,277.7 feet (to six
significant figures) and a A of 56°30' Using the
formula L.C. = 2R sin N2 you get L.C.
11,622.6 feet. But, using the table, you enter
under A = 56°30' (not shown in the figure) and
get L.C. = 5424.1 for the I° curve (based on an
R rounded off at the fourth significant figure).
Divide by D (which is 0.466665°) and you get
L.C. = 11,623.1 feet; a diffeience from using the
formula of 0.5 foottoo much for some types
of computations. This example points out the
necessity of being aware of the number of
significant figures involved in your calculations.
For most fieldwork, however, tables such as
those shown will give you answers of sufficient
precision.

Functions of a t CurveChord Defmition

In the table shown in figure 8-17, the values
of L.C., M, E, and T are exact for the arc
definition only, not the chord definition. This is
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Deg. Radius

D. R.

Log.

R.

Deg.

D.

Radius

R.

Log.

R.

Ikig.

D.

Radium

R.
Log.
it.

, , .
0 0 a 1 0 5729.65 3.758128 2 0 2864.93 3.467115

1 343774.58 5.536274 1 5635.72 .750950 1 2841.26 .453511

2 171887.34 .735244 2 5544.83 .743888 2 2817.97 .449937

3 114591.56 .059153 3 5456.82 .736939 3 2795.06 .446392

4 85943.67 4.934214 4 5371.56i .730100 4 2772.53 .442676
1

,

'5 68754.94 4:437304 5 5288.92 3.723367 5 2750.35 3.430386

6 57295.79 .758123 6 5206.79 .716737 6 2721.52 .435928

7 49110.68 .691176 7 . 5131.05 .710206 7 2707.04 .432496 ,

8 42971.84 .633184 8 5055.59 .703772 -8 2665.89 .429089

9 38197.20 .582031 9 4982.33 .697432 9 2666.06 .426710

10 34377.43 4.536274 10 4911.x3 3.691183 10 2644.58 3.422356

11 31252.26 .494881, 11 4841.98 .685023 11 2624.39 .419029

12 28641.90 .457093 12 4774.74 .678949 r 12 s 2604.61 .416727

13 26444.22 .422331 13 4709.33 .672959 13 -2584.93 .412449

14 24555.35 .390146 14 4645.69 .667061 14 2566.66 .409197

,

15 22018.33 4.360i83 15 4583.75 3.661221 15 2646.64 3.406066

16 21484.94 .332154 16 4523.44 .665469 16 2527.92 .402763

17 20222.06 .305825 17 4464.70 .649722 17 2509.47 .399662

18 19096.61 .281002 18 4407.46. .641489 18 2491.29 .396434

19 18043.43 .257521 19 4351.67 .638666 19 2473.37 .393269

70 17188.76 4.235244 73 4297:28 3.633194 20 2454.70 3.290176

21 16370.25 .214055 21 4244.23 .627799 21 2436.29 .337086

22 15626.15 .193852 22 4192.47 .622;470 22 2421.12 .364016

23 14946.75 .174547 23 4141.96 .617206 23 2404.19 .380969

24 14323.47 .156064 24 4092.66 .612006 24 23117.50 .377943

25 13751.02 4.138335 25 4044.51 3.606866 25 2371.04 3.374938

26 13222.13 .121302 26 3907.48 .601787 26 2354.80 .371964'

27 12732.43 .104911 27 3951.54. .596766 27 2336.73 .360903

28 12277.70 .069117 28 3906.64 .591803 28 2322.96 ..3416046

29 11854.33 .073877 29 3862.74 .586896 29 2307.39 :363122

30 11459.19 4.059154 ao 3819.83 3.582044 30 2292.01 3.360217

\
31 11089.54 .644914 31 3777.85 .577245 31 2276.84 .357332

32 10743.00 .1131125 32 3736.79 .572499 32 2261.86 .344466

33 10417.45 .017762 33 3696.61 .567804 33 2247.06 .361618

34 10111.06 .004797 34 3657.29 .563160 34 2232.49 .348789

35 9822.18 3.992206 35 3618.80 3.558564 35 2218.00 3.345079

36 9549.34 .979973 36 3581.10 .554017 36 2203.37 .343117

37 9291.25 .968074 37 3544.19 .549617 37 2119.84 .340412

38 9046.75 .956492 38 3508.02 .545063 38 2175.96 .337666

39 8814.78 .945212 39 3472.59 .540654 39 2162.30 .334915

40 8594.42 3.934216 40 3437.87 3.536289 40 2148.79 3.332193

41 8384.80 .923493 41 3403.83 .531968 41 2136.44 .329406

42 8185.16 .913027 42 3370.46 .527690 42 2122.28 .326799

43 7994.81 .902808 43 3337.74 .523453 43 2109.24 .324127

44 7813.11 .892824 44 3305.65 .519257 44 2096.39 .321471

45.45.4
.Figure Sit-Sam* page from tabk of radii and ir logarithms.
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4293.0 417.2 450.0 2315.1 4385.5 436.2 472.1 2373.4
42961 417.8 450.7, 2317.0 4388.6 436.8 472.9 2375.4
4299.2 418.4 451.5 2319.0 4391.7 437.5 473.6 2377.3
4302:2 419.1 452.2 2320.9 4394.7 438.1 474.4 2379.3
4305.3 419.7 452.9 2322.8 4397.8 438.8 475.1 2381.2
4308.4 420.3 463.7 2624.8 4400.9 -439.4 475.9 2383.2
4311-.5 421.0 454.4 2326.7 4404.0 440.0 476.6 2385.2
4314.6 421.6 455.1 2328.7 4407.0 440.7 477.4 2387.1
4317.7 422.2 455.9 2330.6 4410.1 441.3 478.1 2389.1
4320.7 422,9 456.6 2332.6 4413.2 442.0 478.0 2391.0

4323.8 423.5 457.3 2334.5 4416.3 442.6 479.6 2393.0
4326.9 424.1 458.1 2336.4 4419.3 443.2 480.4 2394.9
4330.0 424.8 458.8 2338.4 4422.4 443.9 481.1 2396.9
4333.1 426.4 459.5 2340.3 4425.5 444.5 481.9 2398.8
4336.2 426.0 460.3 2342.3 4428 6 445.2 482.6 2400.8
43392 426.7 461.0 2344.2 4431.6 445.8 483.4 2402.8
4342.3 427.3 481.7 2346.1 4434.7 446.4 484.2 2404.7
4345.4 427.9 462.5 2348.1 4437.8 447.1 484.9 2406.7
4348.5 428.6 463.2 2350.0 4440.9 447.7 485.7 2408.6
4351.6 429.2 463.9 2352.0 4444.0 448.3 486.5 2410.6

4354.7 429.8 464.7 2353.9 4447.0 448.9 487.2 2412.6
4357.7 430.5 465.4 2355.9 4450.1 449.5 488.0 2414.5
4360.8 431.1 466.2 2357.8 4453.2 450.2 488.7 2416.5
4363.9 431.7 466.9 2359.8 4456.3 450.8 489.5 2418.5

4367.0 432.4 467.7 2361.7 4459.3 451.5 490.3 2420.4
4370.1 433.0 468.4 ;163.7 4462.4 452.1 491.0 2422.4
4373.2 433.6 469.1 2365.6 4465.5 452.7 491.8 2424.4
4376.2 434.3 469.9 2367.6 4468.6 453.4 492.5 2426.3
4379.3 434.9 470.6 2369.5 4471.6 454.1 493.3 2428.3

4382.4 435.6 471.4 2371.5 4474.7 454.8 494.1 2430.2
4385.5 436.2 472.1 2373.4 4477.8 455.5 494.8 2432.2

Figure 8-17.-Sample page from table of functions of a 1° curve.

because in the case of the arc dermition, R varies
inversely as D, and you reflect this relationship
when you divide the tabular values (which are
functions of R) by D. But for the chord
dermition, R varies inversely with the sin D/2
instead of with D. The net result is, that for the
chord dermition, a small correction must be
applied to the tabular values obtained. Figure
8-18 shows a table which provides such correc-
tions for T and E. Note that the corrections
become larger as both A and D increase.

The differences involved may be demon-
strated by assuming D = 30° for both an arc
definition curve and a chord definition curve.
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5729.58 50Using the formulas R and R ---,-sin D/2
or tables based on these formulas, you may
determine that R for the arc dermition is 190.99
feet and R for the chord definition is 193.19
feet, all as shown in figure 8-19. Now assume
that A is 45° in both cases. Using the formula T
= R tan A/2, you get T (arc def.) = 79.11, and T
(chord def.) = 80.02. Now compare these values
with those determined by using the table shown
in figure 8-17. Under T for 45°00' you will find
the value 2373.4 ft. for the 1° curve. Divide the
2373.4 by 30 (which is Di and you get 79.11
feet. Note that this agrees with the value for T
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Corrections To Be Added to Tangents and External Distances for
Curves Laid Out by Chord Definition

FOR TANOENTS ADD

Contra! angle
(dome.)

Dorm of Corr*

V 1 1 re le I 20- 2e :Or 40 50 no

10 O. 03 0. 06 0. 09 O. 13 0. 16 0. :9 0. 25 O. 31 O. 38
20 06 . 13 . 19 . 26 . 32 . 39 . 51 . 65 . 79
30 10 . 19 . 29 . 39 . 49 . 59 . 79 . 9 1. 20
40 13 . 26 AO . 53 . 67 . 80 1. 06 1. 34 1. 64
50 17 . 34 .51 . 68 . 85 1. 02 1. 36 1. 72 2. 10
60 21 42 . 63 . 84 1. 05 1.27 1. 71 2. 17 2. 60
70 25 . 51 . 76 1. 02 1. 28 1. 54 2. 06 2. 60 3. 16
80 30 . 61 . 91 1. 22 1. 53 1. 84 2. 46 3. 10 3. 78'
90 36 . 72 1. 09 1. 45 1. 83 2. 20 2. 94 3. 70 4. 50
100 43 . 86 1. 30 1. 74 2. 18 2. 62 3. 50 4. 40 5. 37
120 62 1. 25 1. 93 2. 52 3. 16 3. 81 5. 11 6. 44 7. 80

FOR EXTERNALS ADD

Contra! anglo
(doom.)

Dolly* of CUre.

ff. O I IV 2134 25° 30* Mr W fa'

10 0. 001 0. 003 O. 004 O. 006 0. 007 O. 008 O. 011 0. 014 0. 017
20 006 . 011 . 017 . 022 . 028 . 034 045 . 057 . 070
30 . 013 . 025 . 038 . 051 . 465 . 078 . 103 . 129 . 170
40 023 . 046 . 070 . 093 . 117 . 141 . 203 . 265 . 290
50 7 037 . 075 . 116 . 151 . 189 . 227 . 305 . 384 . 467
60 . 056 . 112 . 168 . 225 . 283 . 340 . 457 . 575 . 697
70 . 080 . 159 . 240 . 321 . 403 . 485 . 652 . 819 . 994
80 110 . 220 . 332 . 445 . 558 . 671 . 903 1. 13 1. 38
so 149 . 299 450 . 603 . 756 . 910 1. 22 1. 54 1. 87
100 200 . 401 . 604 . 809 1. 01 1. 22 1. 64 2. 06 2. 50
120 360 . VA I. 08 I. 45 1. 82 2. 19 2. 95 3. 72 4. 50

Figure 8-78.-Table of cogrections to be added to tangents and external distances for
curves laid out by chord definition.

(arc definition) worked out from the formula.
This value must be corrected if you are using the
chord definition, so enter the table in figure
8-18 under a 30° curve and opposite the 40° and
500 angles. Interpolate (for the 45° A assumed in
this case) between the values 0.80 and 1.02
shown, And you get 0.91 ft. correction. Add this
correction to the 79.11 ifeet you get from the
table in figure 8-17, an your answer is 80.02.
This agrees with the val es determined from the
formula. To work out t e values for L.C. you
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may use the formula L.C. = 2R sin A/2, using the
R computed for each defmition. The results are
shown in figure 8-19. Now compare.thes-1 with
the L.C. computed by using the table in figure
8-17. Under 45000' you will fmd L.C. for the 1°
curve is 4385.5 feet; divide by 30 (which is D)
and you get 146.18 feet. This agrees with the
value shown in 8-19 for the arc definition.
Figure 8-18 shows corrections for E as well as T;
the procedure for computing E is the same as
that described for computing T.

f»
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D (chord dof.) 30'

45.352
Figure 8-19.Curve computations: arc definition

versus chord definition.

PLOTTING BY DEFLECTION ANGLES

You could plot in the curve in figure 8-14 by
compass, providing you had a comp.ass large
enough to be spread to the radius of the curve.
However, we'll plot the curve in by the DE-
FLECTION ANGLE method, because this is the
method most frequently used to stake out a
curve in the field.

First, consider figure 8-20. This figure shows
an arc, a tangent drawn at one end of the arc,
and the chord of the arc. The arc subtends an
angle (the one we call the central angle, or A) of
660. The angle between the tangent and the
chord (called '5, or little delta) measures one-half
of that, or 33°. The deflection-angle method of
curve layout is based on the fact that the angle
formed by a tangent drawn at one end of an arc
and thechord of the arc (that is, the deflection
angle of the chord from the tangent) is one-half
the size of the angle subtended by the arc.
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Figure 8=20.Angle between tangent and chord

equals one-half of central angle.

We'll apply that fact, now, to plot a series of
points along the arc of the curve illustrated in
figure 8-21. You are given D = 20° (arc def.) and
A = 80°. First draw a line for the back tangent,
select a point on the line for the P.I., protract
the A of 800 , and draw the tangent ahead. Next,
determine T using a table or formula. To use the
formula you need R:

D = 20° (arc def.)
R = 5729.58/D
R = 5729.58/20
R = 286.48 ft.

Using R, you may compute T:

T = R tan A/2
T = 286.48 X tan (80°/2)
T = 286.48 X tan 40°
T = 286.48 X 0.83910
T = 240.39 ft.

Scale T back from the P.I. and mark the P.C.,
scale T ahead of the P.I. and mark the P.T.

Now assume that you decide to plot three
points on the curve between the P.C. and the
P.T., dividing the arc into four equal segments.
The A for the total curve is 80°, each segment is
1/4 of the total arc, therefore the A for each

)
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Figure 8-21.Plotting a curve by drawing a succusion of chords.

partial arc is 800/4 or 200. Since the deflection
angle is 1/2 80° or 40°, arid 6 for each segment
is 1/2 20° or 10°. Set the centef of your
protractor at the P.C. with 0° on the line
through the P.1.; mark off deflections of 10°,
20°; 30°; and 40°; then-draw four rays from the
P.C. The three intermediate points on the curve
will be on the first three rays; and the last ray,
passing through the P.T.,-marks the long chord
of the whole curve. The fmal step in locating the
P.O.C.'s is to set your compass point at the P.C.
and mark an arc (numbered 1 in figure 8-21)
across the first ray; the intersection of the arc
and the ray is the first P.O.C. Then shift your
compass point to the first P.O.C. and swing arc
2, marking the second P.O.C. Swing arc 3 from
the second P.O.C. in the same manner. The last
arc, swung from the third P.O.C., should inter-
sect the P.T. BUT, what length do you set your
compass to when you swing the arcs? You use
the chord which subtends each partial arc. In
this case you divided the curve into four equal
parts, each with a A of 20°. The chord distance
to which you set your compass, then, is:

chord = 2R sin A/2
chord = 2(286.48) X sin (20°/2)
chord = 572.96 X sin 10°
chord = 572.96 X 0.17365
chord = 99.49 ft.
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After you have located the P.O.C.'s you can
draw in the line of the arc with a railroad curve
or a spline.

CURVE STAKEOUT IN THE FIELD

The foregoing is, basically, the method used
to stake out a curve in the field. The transit is
used to turn the deflection angles, and the steel
tape is generally used to lay off chords. Field
stakeout, however, is complicated _by the fact
that the curve must be correctly stationed along
its length, and the lengths of the chords laid out
in the field are selected to meet the require-
ments of the job. Also, it may not be possible to
turn all the deflection angles from the setup at
the P.C., so you may have to move ahead on the
curve.

Staking the P.C. and P.T.Arc Defmition

Suppose that you are setting the alignment
and staking the centerline of a road in the field,
that you have set a PI. at station 80 + 91.47 and
established a A of 45°, and that you have
decided upon a 10° curve (arc definition); all as
shown in figure 8-22. Reference to a table of
functions of a 1° curve shoWs that, for a A of
45°, T is 2373.4 for a 1° curve Divide by 10
(since D is 10°) and you find that T is 237.34 ft.
Subtract T from the station of the P.1. and you
get the station of the P.C.: 78 + 54.13.
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Figure 8-22.Staking a curve.

The next step is to determine L, sio that y.ou
may station the P.T. Since L = 100 L in this

45case is 100 X or 450.00 feet. Add 450.0010
feet to the station of the P.C. (78 + 54.13) and
you get the station of the P.T.: 83 + 04.13.

Measure 237.34 feet back from the P.I. and
mark the P.C.; measure 237.34 feet ahead from
the P.I. and mark the P.T. Staldng the P.T. gives
you a point to check in to when you perform
the fmal operation, that is, staking the points on
the curve.

Staking the P.C. and P.T.Chord Definition

If you had selected a 100 curve, chord
defmition (instead of arc definition) in the
preceding example, you would follow exactly
the same prdcedure in computing and staking
the P.C. and P.T. But the T is somewhat
different for the chord dermition since the
correction must be applied. The table in figure
8,18 indicates, under a 100 curve and interpolat-
ing for the 450 central angle between the values
opposite 40° and 50°, a correction of 0.30 ft.
Therefore, the T for the chord definition is
237.34 ft plus 0.30 ft or 237.64 ft. Subtracting
T from the station of the P.I. (80 + 91.47) you
get station 78 + 53.83 for the P.C. (See fig.
8-22.) The length is still 450.00 ft, but for the
chord definition it represents the distance along
a series of 100-foot chords instead of the
distance along the arc. The procedure for sta-
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tioning the P.T. is the same as before: add the L
(450.00 ft) to the station of the P.C. (78 +
53.83) and you get 83 1- 03.83, the station of
the P.T.

Staking the -P. 0. C.'s

After the P.C. and P.T. have been staked, the
next step is to stake the selected stations on the
curve. The usual procedure is to occupy the P.C.
and turn the deflection angles to successive
stations while the chords are laid off from one
station to the next. Set up at the P.C., set the
plate at zero, back sight at a point on the back
tangent, plunge the scope, and turn the deflec-
tions. Or, if it will give you a longer backsight,
use the P.I. as the backsight. To set the first
P.O.C., one chainman holds the end of the tape
at the instrument (at the P.C.) while the second
chainman holds the appropriate chord distance
on the tape and swings the tape until he
intersects the line of sight of the first deflection
angle; he then marks a stake with the station
number and drives a hub and/or stake at the
point established. Next, the instrumentman
turns the second deflection, the chainmen move
ahead to the second P.O.C., and the second
station is r larked; the-process is repeated at each
point until the P.T. is reachedthe last angle and
distance should check in to the previously-
staked P.T.

The stations may be staked at intervals of
100, 50, 25, or sometimes 10 feet, depending on

66 j
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the type of construction and the degree of
curvature. The intervals are marked at full
stations and fractions thereof, such as 9 + 00, 9
+ 25, 9 + 50, 9 + 75, 10 + 00, and so on. If a
curve were to begin and end at full stations, and
you were staking it on 100-foot stations, the
computations would be simple; the chords
would all be the same, and deflections would all
be the same (each angle would be D/2, because
is 1/2 A, and' A is D for a 100-foot length). But
P.C.'s and P.T.'s almost always fall at odd pluses,
that is, beyond a station at a plus distance oilier
than the specified interval. Therefore, you will
usually have to figure an irregular deflection and
chord for the rust length past the P.C. and for
the last length before the P.T.

Chords-Arc Definition

When the arc definition of the degree of
curvature is specified, the length of a curve is
stationed along the arc; but, in the field, you
must measure chords, and not arcs, with the
tape. The chord is always shorter than the arc;
and the problem created by this fact may be
solved in either of two ways. First, you may use
chords that are short enough so that the

4

difference between the arc and chord lengths is
insignificant; or second, you may determine and
measure the actual chord length which corres-
ponds to the arc length being stationed.

To eliminate correctcions by using short
chords, you must consider the degree of curva-
ture. The sharper the curve, the shorter the
chords must be to obtain the precision appro-
priate to the elven job. For work of ordinary
precision, a typical guide which might be estab-
lished for a job is:

For D of less than 2°, use 100-ft chords
For D from 2° to 7°, use 50-ft chords
For D from 70 to 18°, useas-ft chords
For D greater than 18°, use 10-ft chords.

To determine the chord length for a given arc
length, you may either compute the chord using
the formuias presented earlier in this chapter, or

'refer to tables which show chord lengths for arc
'definition curves. Figures 8-23 and 8-24 show
such tables; one is for curves defined by D, and
the other for curves defined by R.

Now apply the foregoing information to the
10° curve shown in figure 8-22. Remember that

Detre, of cum (devoid) Radluso.5,729.d8
Chord for

25 feet
of arc

Chord for
450 feet
of arc

Chord for
100 feet
of arc ,

1 5, 729. 58 25.10 50. 00 100. 00
2 2, 864. 79 25. 00 50. 00 100. 00
3 1, 909. 86 25. 00 50. 00 99. 99
4 1, 432. 40 25. 00 50. 00 99. 98
5 1, 145. 92 25. 00 50. 00 99. 97
6 954. 93 25. 00 50. 00 99. 95
7 818. 51 25. 00 50. 00 99. 94
8 716. 20 25. 00 49. 99 99. 0
9 636. 62 25. 00 49. 99 99. 90
10 572. 96 25. 00 49. 98 99. 87
12 477. 46 25. 00 49. 98 99. 82
14 409. 26, 25. 00 49. 97 99. 75
16 358. 10 25. 00 49. 96 99. 68
18 318. 31 24. 99 49. 95 99. 59
20 286. 48 24. 99 49. 94 99. 49
22 260. 44 24. 99 49. 92 L 99. 39
24 238. 73 24. 99

_
49.-91 -19. 27

IFigura 8-23.-Table of chord lengths (for degree of curve by arc finition).
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Radius Chords tor 23'
MOS Radius Chords tor 100'

MS

,

100 24. 93 600 99. 88
150 24. 97 700 99.91
200 24. 98 800 99. 93

900 99. 96
Chords for 60' 1, 000 99. 96

ores
1, 500 99. 97
2, 000 99. 98

250 49. 92 2, 500 99. 99
300 49. 9,4 3, 000 100. 00
350 49. 96
400 49. 97
450 49. 97
509 49. 98

45.45.8
Figure 824.-Teble of lengths of chords for

even radius curves (arc definition).

you are using the arc defmition for this first
example. You may fmd it convenient to tabulate
the stakeout information as shown in figure
8-25. The first column shows the stations. The
sec.ond shows the arc lengths between the
stations; these are found by subtracting one
station from the next. The totals at the bottom
of three of the columns are a check on your
arithmetic. The third column shows the central
angle for each arc length. By definition, the A
for a 100-foot length is 100 because D is 10°.
The other central angles are proportional. the A

45 87for 45.87 ft is X 10° or 4.587° or 4°35';
100. 4.13the A for 4.13 ft is - X 10° or 0.413° or

100
0025'. The deflection angles in the fourth
column are as previously explained, one-half the
central angles. The fifth column shows the total
of the deflection angles to the station indicated,
these are the values which you will set on your
instrument as the chainmen progress from one
station to the next along the curve. The last
column shows the chords which the chainman
will measure from one station to set the next.
Referen-Ce to the table in figure 8723 shows that
the chord for a 50-foot arc of a 10° curve is
49.98; that is, a 0.02 ft correction. The first arc
length in the table (45.87 ft) is sufficiently close
to 50 ft, so the same correction is reasonable;
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45.356
Figure 8.25.-Curve stakeout table

(arc definition).

therefore, the first chord is 45.87 minus 0.02 or
45.85 ft. The reasonableness of this procedure
may be shown by using the formula C = 2R sin
A/2 and a more precise value of A C = 2(572.96)
(sin 2°17'36") = (1145.92) (0.040016) = 45.855
ft; sufficiently close to 45.85 ft for most work.
The chords for the 100-foot arcs are 99.87 ft,
from the table. The last arc, 4.13 ft, is so short
that no correction is needed.

Chords-Chord 1Y: finition

When the chord definition of the degree of
curvature is specified, the length of the curve is
stationed along a series of 100-foot chords,
which is what you may be actually measuring in
the field. But when the P.C. and P.T. fall at odd
pluses, and when the curve is sharp, you will be
laying off chords of less than 100 ft, and these
subchords will be LONGER than their nominal
proportion of the standard 100-foot chord. This
fact may be readily seen by studying the
simplified example shown in figure 8-26. Let AB
be a 100-foot chord of the curve. Assume that
you decide to set one more point. C, on the
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45.357
Figur* 8-26.Subchords by chord definition.

middle of the curve. The two chords AC and CB
are, nominally, "50-foot chords", but, since
there are two equal sides opposite the 100-foot
hypotenuse in triangle ABC, they obviously
have to be longer than 50 ft.

Meth &Is which may be used to determine
actual subchord length include (1) the use of a
formula, (2) the use of tables of excess of arc
and ratio of correction, and (3) the use of a
table of corrections for subchord lengths.

Let c be the actual length of a subchord. Let
d be the central angle subtended by c. As shown
before (see fig. 8-7):

Therefore

Similarly,

D 50
shi

. D 100
sin 7 77

i

d c
sn -21t

Since they are proportional,

. D 100sin 7 -21Z.

d
T

Cross multiplying and solving for c:

("n 1

(c ci) (100)T -ik 2 2R

(in (c) = (in4) ( 00)
sin d

c = too
DSID T
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This last expression is a fbrmula you may use to
compute the actual length of c.

The actual arc length is always greater than
the chord; the amount of excess increases as the
curvature (D) increases. Figure 8-27 shows a
sample page from a table of long chords and
actual arcs. As you can see front ,the table, the
excess of arc for one station is.0.127 ft for a 10°
Curve and 0.326 ft for a 16° curve. Now let us
call"the amount by which an actual subchord
length exc eds the nominal length the "correc-.
tion" of e subchord. This correction for any
subchord tears an almost constant ratio to the
excess of arc per station, whatever the degree of
curvature Might be. Figure 8-28 shows this ratio
for various nominal subclaords. To determine the
actual subchord length in a given case, multiply
the excess of arc per station for the given degree
of curve (fig. 8-27). times the ratio Of correcton
(fig. 8-28) for the given subchord nominal
length.

The third method of determining the actual
subchord length is to interpolate from a table of
corrections for subchord lengths. Figure 8-29
shows such a table, together with an explanation,
and an example.

Now apply these methods of computing
subchords to the curve-shown-in-figure 8-22. Set
up a curve stakeout table (fig. 8-30) similar to
the one prepared for the arc definition curve. As
before, the first column shows the stations. The
second column is headed "length" instead of
"arc" in this case, because the length of the
curve is measured along the 100-foot chord
lengths and the nominal subchord lengths. The
third, fourth, and fifth columns, showing the 4
the deflection angle, and the total deflection
angle, are computed in exactly the same manner
as for the arc defmition example. The first chord
length in the last column is the actual length-of
the nominal 46.17-foot chord. You may use the
following formula to compute it:

. d
-.2-

c = 00 = 100
sin T

= 100 '040277 46.21.087156

6 6,1

sin 2°18'30"
sin 5000'00"
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Degree

a curve
Actual arc,

1 station

Long chords

Degree

2 sta. 3 sta. 4 sta.. 5 sta. 6 sta. 7 sta. 8 sta.

of curve

4%434
/

'10 0 100.127 199.2 297.0 392.4 484.9 573.7 658.1 737.5 10 .0
10 131 99.2 96.9 92.2 84.4 72.8 56.7 35.5 1020 138 99.2 96.8 91.9 83.9 71.9 55.3 33.4 20
30 140 99.2 96.7 91.7 83.4 71.0 53.9 31.3 30.

40 145 99.1 96.5 91.4 82.8 70.1 52.4 29.1 40so 149 99.1 96.4 91.1 82.3 69.2 51.0 27.0 50

11 0 100.154 199.1 296.3 390.8 481.8 .568.2 649.5. 724.8 11 0
10 isis 99.1 96.2 90.6 ' 81.2 67.3 48.0 22.5 10
20 1 ep 99.0 96.1 90.3 80.7 66.3 48.5 20.3 2030 168 99.0 96.0 90.0 80.1 65.3 44.9 18.0 3040 173 99.0 95.9 89.7 79.5 64.3 43.3 15.7 4050 178 98.9 95.7 89.4 78.9 63.3 41.8 13.3 50

12 0 100.193 1989. 295.8 389.1 478.3 562.3 640.1 710.9 12 0
10 188 98.9 95.5 88.8 77.7 61.3 38.5 08.5 10
20 193 98.8 95.4, 88.5 77.1 60.2 389 06.1 20
30 199 98.8 95.3\ 88.2 76.5 59.2 35,2 03.7 ' 30
40 204 96.8 95.1 87.9 75.9 58.1 33.5 01.2 '40so 200 98.7 95,0 87.6 75.3 57.0 31,.8 698.6 50

13 0 100.215 198.7 294,9 387.2 474.6 555.9 630.1 896.1 13 0
10 220 08.7 94.7 88.9 74.0 54.8 28.3 93.5 10
20 226 98.6 24.8 88.8 73.3 53.7 26.5 90.9 20
30 232 98.6 94.5 86.3 72.7 .12.5 24.8 88.3 3040 237 98.6 94.3 85.9 72.0 51.4 22.9 85.7 40
50 243 98.5 94.2 85.6 71.3 50.2 21.1 83.0 50

14 0 100.249 198.5 204.1 385.2 470.8 549.1 '19.3 680.3 14 0
10 255 98.5 98:9 84.9 70.0 47.9 17.4 77.5 10
20 -,,., 261 98.4 N 93.8 84.5 69.3 48.7 :5.5 74.8 20
30 267 98.4 93.6 84.2 68.6 45.5 13.6 72.0 30
40 274 98.4 93.5 83.8 , 67.8 44.2 11.7 69.2 40
50 280 98.3 93.3 83.4 67.1 43.0 09.8 66.3 SO

15 0 100.286 198.3 293.2 383.1 486.4 541.7 607.8 663.5 15 0
10 293 98.3 93.0 82.7 65.7 40.5 05.8 60.6 -10-
23 299 98.2 92.9 82.3 64.9 39.2 1 03.8 57 7 20
30 306 98.2 92.7 81.9 64.2 37.9 01.8 54.8 3040 312 98.1 92.6 81.5 63.4 38.6 599.8 51.8 40
SO 319 98.1 92.4 81.2 82.6 35.3 1 97.8 48.8 50

18 0 100.324 198.1 292.3 380.8 481.9 534.0 595.7 645.8 16 0
10 332 98.0 02.1 80.4 61.1 32.6 42.8 10
20 339 98.0 91.9 80.0 . 60.3 31.3

,93.8
91.5 39.7 2030 344 97.9 91.8 79.6 59.5 29.9 89.4 36.6 30

40 353 97.9 91.8 79.1 58.7 28.6 87.3 33.6 40so 361 -97.8 91.4 78.7 57.9 27.2 85.1 30.4 50

Degree Actual arc 2 sta. 3 sta. 4 sta. 5 sta. 6 sta. 7 sta. B sta. Degree

45.45.9
Figura 8-27.--Sampla pogo from table qf long chords and actual arcs (chord definition).

222



Z4,5-

Chapter 8IJORIZONTAL AND VERTICAL CURVES

Nom/ **/
1:5:711:si Po'ho

Muni/7e
Xmzetow,
S

An%

o.000 6.4. 0.3n
6 0 oe 5 o 40 0.31.3

/o o..osi
/S 0.147 1

A,
Io 0.192 I .5. 0.327

26 0.234 to 0.217

So 1273 I 15 o. 235

35 0. 307 SO 0. /419

40 Q33 I

a
.95 0.092

46 0. 361 /00 0.000
So a s71

45.46.10
Flow 1.28.Tebie of ratio of correction of subchords

to tbe sawss of arc per station (chord definition).

Or, you may determine the excess per station
(0.127) for a 10° curve from figure 8-27; then
multiply the excess by the ratio of correction
(0.36) interpolated for 46.17 feet from figure
8-28. The correction to be added to 46.17, then,
is (0.127) X (0.36) or 0.046, which you may call
0.05. The actual chord, then, computes to be
46.17 plus 0.05 or 46.22 ft. Or, to apply the
third method, you may interpolate in figure
8-29 opposite 10° between 25 ft and 50 ft, and
determine a correction of 0.045 (which you may
call either 0.04 or 0.05) to be added to 46.17,
giving you either 46.21 or 46.22. Note that all
methods-provide answers within a few thousand-
ths of a foot of one another; such differences are
not significant for most fieldwork. If a more
exact value were needed, however, you could
use a more precise value of d/2 in the equation
and get your answer to the thousandth. The
remaining chords in the last column of figure
8-30 require no correction; the 100-foot chords
are exact because you are using the chord
definition of degree of curvature, and, as before,
the last chord is snail enough to need no
correction.
Intermediate Set-up

In the foregoing examples, the assumption
was made that the entire curve could be staked
out with the instrument set up On the P.C. This

223
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is not always possible; there may be obstructions
on.the line of sight, or the curve may be-so long
That it isn't practical to keep' the irstmment at
the P.C. In these cases, it is neceisary to move
ahead on the cUrve and set up at an intermediate
point, on the curve. Assume that, in figure 8-22
station 80 + 00 has been staked from the P.C.,
that obstructions prevent your-sighting station
81 + 00, and that you must move ahead to
station 80 + 00.

To understand the method of training the
telescope -from one station to a subsequent
station, study figure 8-31. This figure. shows a
semicircular curve, running from A to D, and a
tangent at A. The curve is divided into three
intervals of arc, and the stations are connected
by thxee equal chords: AB, BC, and CD. The .
chord from A to B is chord AB; chords from A
to C and from A to D are, indicated by the
dottect lines AC and AD.

The deflection angle between AB and the
tangent is 30°; this is the COMPUTED DEFLEC-
TION ANGLE for station B. Then the computed
deflection angle for station C is 2 X 30°, or 600;
and the computed deflection angle for station D
is 3 X 30°, . r 90°. Remember that the com-
puted deflection angle for any, station is the
angle between the tangent at the P.C. and the
chord running from the P.C. to the station. ,

The deflection angle between chord BC and
chord AB (extended) measures TWICE the size
of the deflection angle between chord AB and
the tangent If you were set up at station B, you
could turn this deflection angle by plunging the
telescope, sighting back on A, setting the vernier
at 0, replunging, and turning 60° to the right.
That is, you could turn the deflection angle
from station B to station C by backsighting on
A, setting the computed deflection angle of
station A (which is 0°) on the vernier, and then
turning (to the right, in this case) an angle equal
in size to the computed deflection angle for
station C.

Similarly, if you were set up at siation C, you,
could train the telescope on station D as
follows: 'Backsight on station B, and set the
computed deflection angle of station B (30°) on
the vernier. Then plunge the telescope, and turn
right until you read the computed deflection
angle, for station D (90°) on the vernier. Or,
backsight on station A and set the computed



4/5

ENGINEERING AID 1 & C

CORRECTIONS FOR SIJBCHORD LENGTHS

(CHORD DEFINITION)

For setting stakes for sharp curves it is often necessary to use chord lengths less than 100 feet. The most
common chord lengths are 50, 25, 20, and 10 feet, in order as the degree of curvature increases. Common
and accepted practice prescribes that the length of a curve be measured in chords 100 feet long and fractions
thereof. The arc of a curve corresponding to a 100-foot chord is greater than 100 feet. Similarly the sum of
2, 4, 5, or 10 equal subchords which subtend the arc measured by a 100-foot chord is greater than 100 feet.
The nominal lengths of these subchords are 50, 25, 20, or 10 feet, respectively. To these nominal lengths add
the corrections shown in the table to give the actual lengths of the subchords. Example: Suppose it is desirable
to set stakes by subchords of 25-foot nominal length on a 20 curve. Enter the table for D 20. On this
line, in the column headed 25, is found the correction .119. To.25 add .119. This gives 25.119 feet as the
actual length of the subchord whose nominal length is 25 feet.

D. 50' 25' Z' 10' D. 50' 25' 20' 10'

4, .
3 .004 .003 .002 .001. 27 .349 .218 .179 .092
4 .008 .005 .004 .002 28 .376 .235 .192 .099
a .012 .008 .006 .003 29 .403 .252 .206 .106
6 .017 .011 .009 .005 30 .431 .270 .221 .114

7 .023 .015 .012 .006 31 .461 .288 .236 .122

a .030 .019 .016 .008 32 .491 . .307 .252 .130

9 .039 .024 .020 .010 33 .523 .327 .268 .138

10 .048 .030 .024 .013 34 .555 .347 .285 .147
11 .058 .036 .030 .015 35 .589 .368 .302 .156

12 .069 .043 .035 .018 36 .623 .390 .320 .165

13 .081 .050 .041 .021 37 .659 .412 .338 .174

14 .093 .068 .048 .025 38 .695 .435 .358 .184

15 .107 .067 .055 .028 39 .733 .458 .376 .194

16 .122 .076 .063 .032 40 .771 .483 .396 .204

17 .138 .086 .071 .038 41 .811 .507 .416 .214

181 .155 .097 .079 .041 42 .851 .533 .437 .225k

19 .172 .108 .088 .045 43 .893 .559 .438 .236
30 .191 .119 .098 .050 44 .936 .588 .480 .248

21 .211 .132 .108 .056 45 .980 .613 .502 .259

22 .231 .144 .118 .061 46 1.024 .641 .525 .271

23 .253 .158 .130 .067 47 1.070 .670 .549 .283

24 .275 .172 .141 .073 48 1.117 .899 .573 \-. .296

25 .299 .187 .153 ..079 49 1.185 .729 .598 .308
26 .323 .202 .166 .085 50 1.214 .760 .623 -.321

Figure 8-29.-Table of corrections for subchord lengths (chord definition).

deflection angle for station A (0°) on the
vernier. Then plunge the telescope and turn right
until you read the computed deflection angle for
statiodD (90°) on the vernier.

Suppose you wanted to shoot station D from
station B. The chord from station B to station D
is the dotted line BD. You can see that the
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deflection angle between chord AB and this
chord measures 90°, and you can see that the
same rule applies. Backsight on A, and set the
computed deflection angle for A (0°) on the
vernier. Then plunge the telescope, and turn
until you read the computed deflection angle for
D (90°) on the vernier.
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Figure 8-30.Curve stakeout table
(chord definkion).

46.368 45.359
Figure 8-31.Deflection angles on a semicircle.

The tule, then, for turning the deflection
angle between any two adjoining chords is this:

I. Plunge the telescope, backsight on the
appropriate station, and set the vernier to read
the computed deflection angle of that station.

2. Replung the telescope, and turn until you
read the computed deflection angle of the other
appropriate station.

Let's go back, -now, and compute,Jhe deflec-
tion angles for the curve (arc dermitiohown
in figure 8-22. The computed deflection angle
for station 79 + 00 is 2°17'30"; you have
already turned that one. The computed deflec-
tion angle for station 80 + 00 is 7°17'30". These
and the deflection angles for the other stations
on the arc are shown irriflvre 8-25.

You are set up at stifon 80 + 00. To turn the
deflection angle_ between the chord from the
P.C. to 80 + 00 and the chord from 80 + 00 to
81 + 00, backsight on the P.C. and set the
vernier to read the computed deflection angle of
that station, which is 00. Then plunge the
telescope, and turn until you read the computed
deflection angle of station 81 + 00 (which is
12°17'30") on the vernier. When you have
turned the angle, measure off a full chord (99.87
ft) from station 80 + 00 along the line of sight.
This locates station 81 + 00.

You can go ahead and locate station 82 + 00
with the transit still at station 80 + 00, or you
can shift to station 81 + 00 if field conditions so
demand. If you stay at station 80 + 00, you
loCate station 82 + 00 as follows: turn right until
you read the computed deflection angle of
station 82 + 00 (17°17'30") on the vernier.
When you have turned the angle, measure off
one full chord (99.87 ft) from station 81 + 00 to
locate station 82 + 00. Follow the same proce-
dure to set 83 + 00 and to check in to the P.T.

In addition to being staked out from the P.C.
and from intermediate stations, a curve may he

,staked out with the instrument set up at the P.T.
Ifyqu want the chainmen to chain ahead from
the P.C.,to the P.T., set the circle at 0°, back
sight on the P.C., and lay off the same deflection
angles you would use if the transit were at the
P.C. If you want the chainmen to chain back
from the P.T.Thi,the P.C., set the circle at the
total deflection (A/2), back sight on the P.1., and
turn in succession (toward the P.C.) to each
deflection angle (computed for each station)
from the P.T. back to the P.C.; when you make
the last setting, your plate should read 0° and
you should be sighting the P.C.

Field Notes for Clirve Layout

Figure 8-32 shows field notes for the curve
you staked out in figure 8-22. On the remarks
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Figaro 8-32.Field notes.

page, make a sketch, to a suitable scale, of the
tangents, and locate and mark such points as the
last full station before the P.C., the P.C., the
P.I., the P.T., and the first full Station after the
P.T.

In the two right-hand columns of the data
-;tpage, set down the curve data, such as the

central angle (is), the degree of curvature (D),
the length of the curve (L), and the tangent (T).

In the first column on the data page, under
"Station," list the stationsnot only those
which appear in the sketch, but also those full
stations which lie on the curve. Since the sketch
reads from the bottom up (so that data will be
pmsented as it appears in the field as you look
ahead on line), you list your stations from the
bottom up on the page.

In the second column on the data page, under
"Point," list the character of each stationthat
is, whether it is the P.C., the P.T., a P.O.L.
(point on line, such as stations 78 + 00 and 84 +
00), or a P.O.C. (point on curve, such as the
stations from 79 + 00 to 83 + 00 inclusive).

Next to each station on the curve (including
the P.C. and the P.T.), in the column headed

G 6 a

45.7.11

"Comp. Defl. A.," you list the computed aeflec-
tion angle (that is, the angle between the tangent
through the P.C. and the chord from the P.C. to
the station) for that particular station. The
computed deflection angle for the P.C. is 00 .

The computed deflection angle for the P.T. is
one-half of the central angle. You have com-
puted the angles for the other stations.

Offset Curves

OFFSET CURVES are run outside a construc-
tion when it is not possible to run the centerline,
or when an accurate alignment control is needed
for the actual limits of the borders of a
construction. In the case of a pavement, for
example, offset curves are usually mn on either
side of the centerline and at the same distance
from it.

Figure 8-33 shows a possible offset layout.
Usually offset stations are set and marked to

-agree with the stationing along the centerline.
Note that the radius to any point on a circular
curie is perpendicular to the tangent which it
supports along the centerline. Therefore, all the
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Figura 8-33.Offset layout

P.O.C.'s on the offset curves will be set at right
angles to the supporting tangents.

If the centerline is already in, and equal
chords have been used, P.O.C.'s on the offset
curves can be located-by- bisecting the complete
angle between two adjacent P.O.C.'s. lf, for
example, you are set up at station A in figure
8-33, bisect angle BAM using either" the outside
or the inside angle. Now, with the line of sight
determined, the offset station can be measured
out from the centerline station to the specified
offset distance.

When an offset curve is laid out without the
centerline curve, compute the curve elements
using the same A and an R increased or reduced
by the distance from the centerline to the offset.

COMPOUND AND REVERSED CURVES

A COMPOUND CURVE consists of two or
more simple curves of different degrees of curve
following one another in the same ,general
direction and having a common tangent at the
point where they join. The point where the two
curves run together is called a POINT OF
COMPOUND CURVE (P.C.C.).

227
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The folloWing is a practical application of a
compound curve layout. When running a prelim-
inary road survey through mountainous terrain,
you will -most likely select a course that offers
least resistance to construction. Instead of tun-
neling through a steep hill, follow the side of the
hill, increasing or decreasing the elevation to
correspond with the connecting elevation on the
opposite side. In following around a hill, it will
be necessary to lay out shorter tangent lines
than usual with a different P.I. at each change in
direction. To change over from the tangent lines
to the actual proposed centerline of the road; it
may be feasible to have a curved section similar
to that shown in figure 8-34.

SB is the radius of curve No. 1 and SA is the
radius of cline No. 2. In laying out a compound
curve to intercept the course nmning into curve
No. 1 and out from curve, No. 2, it is necessary,
for true alignment, that the sum of the tangents
to curve No. 1 and curve No. 2 be equal to the
length of the common tangent.

Begin as you would in laying out a simple
'circular curve from P.C. to the point of com-
pound curvature P.C.C. Set up the transit nt the
P.C.C. Set the circle at half the central angle of
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Figwre 8-34.Compound curve.
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curve No. I and backsight on the P.C. If you
now turn the circle to 00, you should be sighting
along the common tangent at the P.C.C. Lay out
curve No. 2 just like any other simple curve,
using the deflection angle method.

A reversed curve consists of two simple curves
which turn in opposite directions as shown in

figure 8-35. The two simple curves have a

common tangent, where they join, but their.
centers lie on opposite sides of the common
tangent. The point where the two curves join is
called A POINT OF REVERSED CURVE
(P.R.C.). The two curves may be of the same or
different degrees of curve. Figure 8-35 shows a

double reversed curve of two different degrees
of curve. Curve ABC is a single reversed curve
with the same degree of curve. Curve BCD shows
two different degrees of curve. Reversed curves
are used to advantage in the location of railroad
cross-overs and spur tracks leoding to manufac-
turing or industrial plants. Lay out the first
section of a reversed curve just like any other
simple circular curve. Set up the transit at the
point of reversed curve (P.R.C.). Adjust the
circle so that it sights 00 along the commLn
tangent. Lay out the second simple curve on the
opposite side of the common tangent. The
P.R.C. at B may be considered as the P.T. of
curve No. 1 and also as the P.C. of curve No. 2.
Set the instrument up at the second P.R.C. at C
and repeat the layout procedure.

The principles of computation used for simple
curves apply to all horizontal curves. Compound
and reversed curves merely continue on from the

Figure 8-35.Reversed curves.
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end of the preceding curve. Like any simple
curve, a compound or reversed curve finally ends
in a P.T.

SPIRAL TRANSITION CURVES

SPIRAL CURVES are transition curves used
in railroad and highway work to provide a
gradual change between a straight and a curved
part of the road. Transition curves provide-safer
and more comfortable riding by reducing the
tendency of the vehicle to lurch and to skid
while going around an abrupt curve in the
roadway. A more gradual transition from a
straight to a curved section of roadway also gives
the motorist more time and a greater distance
within which to adjust his steering wheel to the
anticipated curve. Spirals, therefore, should be
as long as possible. They may be true spirals or a
consecutive series of compound curve3. The
degree of curve of a spiral changes uniformly
with the distance from some point of reference.
For example, note in figure 8-36 that the spiral
is relatively flat at the T.S. (the point of change
from tangent to spiral). This point represents the
beginning of the spiral where the curve starts
diverging from the main tangent. As the spiral
continues from the T.S. to the S.C. (the point of
change from the viral to circle), the spiral
gradually becomes sharper until its radius be-
comes equal to that of the circular curve to
which it is connected.

The spiral merges into the circular, curve
between the S.C. (point of change from spiral to
circle) and the C.S. (point of change from circle

'7

vaf

"CUL Alt Cuqvt

Figura 8-36.Spiral traneitions.
45.364
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to spiral). Approaching the end of the curve, the
spiral once again flattens out between the C.S.
and the S.T. (point of change from spiral to
tangent). Figure 8-36 shows three distinct sect
tions of the total curve, the central portion
being the circular curve, merging gradually at
each end into a spiral transition curve.

A spiral curve is laid out by setting up the
instrument at the T.S. and laying out the first
spiral to the S.C. using chords and deflection
angles measured from the main tangent. Tables
are available from which you can obtain deflec-
tion angles (8) of a spiral curve from the T.S. to
any point on the spiral. For most highway work
it is conventional to use the 10-point spiral. It
may increase your understanding to compare the
layout of a spiral with that of a circular curve.
The T.S. of a spiral may be compared to the P.C.
of a circular curve; the S.C. may be compared to
the P.T. of a circular curve. After laying out the
first spiral, move the transit to the S.C. and lay
out the circular to its end at the C.S., using
chords and deflection angles measured from an
auxiliary tangent at the S.C. Move the transit to
the S.T. and lay out the second spiral, working
back toward the C.S. The end of the second
spiral should coincide with the C.S. and thereby
provide a check on the accuracy of your work.

SUPERELEVATION AND WIDENING

"Superelevation" is the term used by the
engineer to describe the banking of a curved
roadway. Superelevations are closely aswciated
with spiral transition curves in that they both
attempt to compensate for the centrifugal force
which tends to cause skidding outward from the
center of a curve. Straight sections of highways
are usually built with a slight convexity or
crown to take care of drainage. If the same
crown. were continued around curves, it would
produce a hazard for fast moving traffic. To
minimize the danger of s!driding, engineers
superelevate or bank the outer portion of the
curverLsection of the road. At the same time,
they usually widen the pavement as an addi-
tional safety measure. No attempt will be made
to discuss the computations involved in transi-
tion spirals, in superelevations, or in road widen-
ing, because they are beyond the scope of this
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book. Such information is available in standard
textbooks-on highway engineering.

VERTICAL CURVES

In addition to horizontal curves which go to
the right or left, roads also have curves that go
up or down. These curves in a vertical plane are
called VERTICAL CURVES. Vertical curves at a
crest or the top of a hill are called .SUMMIT
CURVES or OVERVERTICALS. Vertical curves
at the bottom of a hill or dip are called SAG
CURVES or UNDERVERTICALS.

GRADES

Vertical curves are used to connect stretches
of road which go up or down at a constant
slope. These lines of constant slope are called
GRADE TANGENTS (see fig. 8-37.) The rate of
slope is called the GRADIENT, or simply the
GRADE. (Do not confuse this use of the term
it grade" with other meanings such as the design
elevation of a finished surface at a given point,
or the actual elevation of the existing gound at
a given point.) Grades which ascend in the
direction of the stationing are designated "plus";
those which descend in the direction of the
stationing are designated "minus." Grades are
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Figure 8-37.A vertical curve.
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measured in terms of percent; that is, the
number of feet of rise or fall in a 100-foot
horizontal stretch of the road.

After the location of r, road has been deter-
mined and the necessary fieldwork has been
obtained, the engineer designs, or ;`fixes", or
"sets", the grades. A number of factors are
considered, including the intended use and
importance of the road, and the existing topog-
raphy. If a road is too steep, the comfort and
Safety of the users and fuel consumption of the
vehicles will be adversely affected. Therefore,
the desip criteria will specify MAXIMUM
GRADES. Typical maximum grades,are 4 per-
cent desired maximum, and 6 percent absolute
maximum, for a primary road. (The 6 percent
means, as indicated before, a 6-foot rise for each
100 feet ahead on the road.) For a secondary
road or major street, the maximum grades might
be 5 percent desired and 8 percent absolute
maximum; and for a tertiary road or a secondary
street, 8 percent desired and 10 percent (or
perhaps 12 percent) absolute maximum. Condi-
tions may sometimes demand that grades or
ramps, driveways, or short access streets go as
high as 20 percent. The enneer must also
consider MINIMUM GRADES. A street with
curb and gutter must have enough fall so that
the storm water will drain to the inlets; 0.5
percent is a typical minimum.grade for curb and
gutter (that is, 1/2 foot, or 6 inches. minimum
fall for each 100 feet ahead). For roads with side
ditches, the desired minimum gxade might be 1
percent; but since ditches may slope at a grade
different from the' pavement, a road may be
designed with a 0 percent grade. Zero percent
grades are not unusual, particularly through
plains or tidewater areas. Another factor that is
considered in designing the finished profile of a
road is the EARTHWORK BALANCE. That is,
the grades should be set go that all the earth cut
off the hills may be economically hauled to fill
in the low areas. In the design of urban streets,
the best utilization of the building sites adjacent
to the street will generally take precedence over
seeking an earthwork balance.

COMPUTING VERTICAL CURVES

45.365 As you have previously learned, the horizon-
tal curves used in highway work are eenetally
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the arcs of circles. But vertical ctirves are usually
PARABOLIC CURVES. The parabola was cho-
sen primarily because its shape provides a
transition, and because it lends itself to compu-
tational procedures which are described in the
next section of this chapter. Designing a vertical
curve consists principally of deciding on the
appropriate LENGTH of the curve. As indicated
in figure.8-37, the length of a vertical curve is
the HORIZONTAL DISTANCE from the begin-
ning to the end of the curve; the length of the
curve is NOT the distance, along the parabola
itself. The longer a curve is, the more gradual
will be the transition from one grade to the
next; the shorter the curve, the more abrupt the
change. The change must be graduarenough to
provide the required SIGHT DISTANCE (see
figure 8-38). The sight distance requirement will
depend on the speed for which the road is
designed, whether passing or nonpass,trig.distance
is required, arid other asumptj6ns such as
reaction thin, braking time, stoPplipistance,
height of eye, height or objectãiid ioon.
Typical heights of eye iOd a5e/4.5 feet or, more

a
recently, 3.75 feet; tylor/

sag curve, the sight
cal heights of object are

4 inches to 1.5 feet.
distance will usually/ not be significant during
daylight; but conside tion must be given to
nighttime when th4 ach of headlights may be
limited by the abruptness of the curve. (See fig.
8-38.)

AsIg/t1
Of Ill

//fit of feel

Elements of Vertical Curves

Figure 8-39 shows the elements of a vertical
curve. The meaning of the symbols and the units
of measurement usually assigned to thm fol-
low:

P.V.C. point of vertical curvature; ih
place where the curve begins.

P.V.I. point of vertical intersection;
where the grade tangents inter-
sect.

P. V.T. point of vertical tangency; where
the curve ends.

P.O.V.T. point on vertical tangent, applies
to an infinite number of points
on either tangent.

P.O.V.C. point on vertical curve; applies to
any point on the parabola.

grade of the tangent on which
the P.V.C. is located; measured
in percent of slope.

g2 grade of the tangent on which
the P.V.T. is located; measured
in percent of slope.

the ALGEBRAIC DIFFERENCE
of the grades; G = g2 - 1;1

wherein plus values are assigned
to uphill grades and minus val-
ues to downhill grades; example

gt

e ow,
Aeor1/101

sigAl
chsIonCI

lista of
AtroIligAl

Illummehon

Figure 8-38.-Sight distance.
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STATIONING AHEAD

MA/.1,

Figure 8-39.Elements-of a vertical curve.

of various algebraic differences
are shown later in this section.

length of the curve; the HORI-
ZONTAL length in 100-foot
stations from the P.V.C. to the
P.V.T.

horizontal length of the portion-
of the P.V.C. to the P.V.L;
measured:in feet.

horizontal length of the portion
of the curve from the P.V.I. to
the P.V.T.; measured in feet.

vertical (external) distance from
the P.V.I. to thc Aurve, meas-
ured in feet; e = where L is

the total length in stations and
G is the algebraic difference of
the grades in percent.

horizontal distance from the
PX.C. to any P.O.V.C. or
P.O.V.T. back of the P.V.I., or
the distance from the P.V.T. to
any P.O.V.C. or P.O.V.T. ahead
of the P.V.I., measured in feet.

vertical distance (offset) from
any P.O.V.T. to the corre-
sponding P.O.V.C., measured in
feet; y = (x/1)2(e), which is the
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fundamental relationship of the
parabola that permits conven-
ient calculation of the vertical
offsets.

The vertical curve computation takes place
after the grades have been set and the curve
designed. Therefore, at the begMning of the
detailed computations, the following are known:
81, 82, II, 17, L, and the elevation of the P.V.I.
The general procedure is to compute the eleva-
tions of certain P.O.V.T.'s; then, using the
foregoing formulas, to compute G, thence e, and
thence the y's, that correspond to the selected
P.O.V.T.'s. Adding or subtracting the y from the
elevation of the P.O.V.T. gives the elevation of
the P.O.V.C.; that is, the finished elevation on
the road, which is the end result being sought. In
figure 8-397) the y is subtracted from the
elevation of the P.O.V.T. to get the elevation on
the curve; but in the case of a sag curve the y is
added to the P.O.V.T. elevation to obtain the
P.O.V.C. elevation.

The computation of G requires careful atten-
tion to the signs of g1 and g2. Vertical curves are
used at changes of grade other than at the top or
bottom of a hill; for example, an uphill grade
which intersects an even steeper uphill gade will



Chapter 8HORIZONTAL AND VERTICALCURVES

be eased by a vertical curve. The six possible
combinations of plus and minus grades, together
with sample computations of G, are shown in
figure 8-40. Note that the algebraic sign of G
indicates whether to add or subtract y from a
P.O.V.T.

The selection of the points at which to
compute the y and the elevations of the
P.O.V.T. and P.O.V.C. is generally based on the
stationing. The horizontal alignment of a road is
usually staked out on 50-foot or 100-foot
stations; it is customary to compute the eleva-
tions at these same points so that both horizon-
tal and vertical information for construction will
be provided at the same point. The P.V.C.,
P.V.I., and P.V.T. are usually set at full stations
or half stations. In urban work, elevations are
sometimes computed (and staked) every 25 feet
on vertical curves. The same, or even closer,
intervals may be used on complex ramps and
interchanges.

The application of the foregoing fundamen-
tals will be presented in the next two sections
under symmetrical and unsymmetrical curves.

Symmetrical Vertical Curves

A SYMMETRICAL VERTICAL CURVE is
one in which the horizontal distance from the
P.V.1. to the P.V.C. is equal to the horizontal
distance from the P.V.I. to the P.V.T. In other
words, 1 equals 12.

The solution of a typical problem dealing
with a symmetrical vertical curve will be pre-
sented step by step. Assume that you know the
following data:

g1 = + 9%
g2 = _ 7%
L = 400.00', or 4 stations
The station of the P.V.I. = 30+00
The elevation of the P.V.I. = 239.12 feet

The problem is to compute the grade elevation
of the curve, to the nearest hundredth of a foot,
at each 50-foot station. Figure 8-41 shows the
vertical curve to be solved.

STEP 1: Prepare a table as shown in figure
8-42.

Column 1 shows the stations; column 2, the
elevation on tangents, column 3, the ratio of
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x/1; column 4, the ratio of (x/1)2; column 5,
the vertical offsets [(x/1)2(e)] ; column 6, the
gyade elevations on the curve; column 7, the first
differences; and column 8, the second differ-
ences.

STEP 2: Compute the elevations and set the
stations on the P.V.C. and the P.V.T.

Knowing the gradients at the P.V.C. and
P.V.T., the elevation and station at the P.V.I.,
you can compute the elevations and set the
stations on the P.V.C. and the P.V.T. The
gradient (g1) of the tangent at the P.V.C. is
given as + 9%. This means a rise in elevation of 9
feet for every 100 feet of horizontal distance.
Since L is 400.00 feet and since this is a
symmetrical vertical curie, l equals 12 equals
200.00 feet. Therefore, there will be a diffemnce
of 9 x 2 or 18 feet between the elevation at the
P.V.I. and the elevation at the P.V.C. The
elevation at the P.V.I. in this problem is even as
239.12 feet. The elevation at the P.V.C., there-
fore, is 239.12 minus 18 or 221.12 feet.

Calculate the elevation at the P.V.T. in a
similar manner. The gradient (g2) of the.tangent
at the P.V.T. is giVen as -7%. This means a drop
in elevation of 7 feet for every 100 feet of
horizontal distance. Since 1 equals 12 equals
200 feet, there will be a diffemnce of 7 x 2 or
14 feet between the elevation at the P.V.I. and
the elevation at the P.V.T. The elevation at the
P.V.I. therefore is 239.12 feet minus 14 feet or
225.12 feet.

In setting stations on a vertical curve,
remember that the length of the curve (L) is
always Measured as a horizontal distance. The
half-length of the curve is the horiiontal dis-
tance from the P.V.I. to the P.V.C. In this
problem, 1 equals 200 feet. This is equivalent
to two 100-foot stations and may be expressed
as 2 + 00. Thus, if the station at the P.V.C. is 30
+ 00 MINUS 2 + 00 or 28 + 00. The station at
the P.V.T. is 30 + 00 PLUS 2 + 00 or 32 + 00.
List the stations under column I.

STEP 3: Calculate the elevations at each
50-foot station on the tangent.

From step 2 you know that there is a 9.ifoot
rise in elevation for every 100 feet of horizóntal
distance from the P.V.C. to the P.V.I. Thui for
every 50 feet of hotizontal distance there will be
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.V.T.

Figure 840.Algebraic differences of grades.
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ELEV. 239.12
STA. 30 *03

P.V.I.

, Figure 8-41.-Symmetrical vertical curve.

a rise of 4.50 feet in elevation. The elevation on
the tangent at station 28 + 50 is 221.12 plus
4.50 or 225.62 feet. The elevation on the
tangent at station 29 + 00 is 225.62 plus 4.50 or
230.12 feet. The elevation on the tangent at
station 29 + 50 is 230.12 plus 4.50 or 234.62
feet. The elevation on the tangent at station 30
+ 00 is 234.62 plus 4.50 or 239.12 feet. In this
problem, to find the elevation on the tangent at
any 50-foot station starting at the P.V.C., add
4.50 to the elevation at the preceding station

45.369

until you reach the P.V.I. At this point use a
slightly different procedure in calculating eleva-
tions because the curve slopes downward toward
the P.V.T. Think of the elevations as being
divided into two groups-one group running
from the P.V.C. to the P.V.I.; the other group
running from the P.V.T. to the P.V.I.

Proceeding downhill on a gradient of -7%
from the P.V.I. to the P.V.T., there will be a
drop of 3.50 feet for every 50 feet of horizontal
distance. To find the elevations at stations

/Stations
Elevations
011 tangent zli

,,,,
(g"'

Virtkal
offsets

ands ekvation
on curve

First differ. j fl000nd diger-
mos estoe,

28+00 (PVC) 221. 12 . 0 0 0 221. 12
+4. 00

+50 225. 82 Y4 Hs - 0- 50 225. 12 +1. 00
+3. 00

29+00 230. 12 % g - 2. 00 228. 12 +1. 00
+2. 00

+50 234. 62 fr4
«

Ns - 4. 50 230. 12
+1. 00

+1. 00

30+00 (P. V. I.) 239. 12 - 1 - 8. 00 . 231. 12 +1. 00
. oo

+ SO 235. 62 Y4 %4 - 4. 50 231. 12 +1. 00
-1. al

31+00 232. 12 % Y4 - 2. 00 230. 12 +1. 00
-2. 00

+50 228. 62 Y4 Hs - . 50 228. 12 +1. 00
--3. 00

32+00 (PVT) 225. 12 0 0 0 225. 12-

Figure 8-42.-Table of computations of elevations on a symmetrical vertical curve.
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between the and the P.V.T. in this
particular problem, SUBTRACT 3.50 from the
elevation at the preceding station. The elevation
on the tangent at station 30+50 is 239.12
MINUS 3.50 or 235.62 feet. The elevation on
the tangent at station 31+50 is 235.62 MINUS
3.50 or 232.12 feet. The elevation on the
tangent at station 31+50 is 232.12 MINUS 3.50
or 228.62 feet. The elevation on the tangent at
station 32+00 (P.V.T.) is 228.62 MINUS 3.50 or
225.12 feet. The last subtraction provides a
check on your work thus far. List the computed
elevations Under column 2.

STEP 4: Calculate (e), the middle vertical
offset at the P.V.I.

First find (G), the algebraic difference of the
gradients using the formula

G = g2 g
G = 7 (+9)
G = 16%

The middle vertical offset (e) is calculated by
LG

'
use of the formula e = where L is the length8
of the curve measured in horizontal stations and
G is the algebraic difference in gradients.

e (4) (-16)
8.00 ft8

The negative sign indicates e is to be subtracted
from the P.V.I.

STEP 5. Compute the vertical offsets at each

50-foot station, using the formula y = 6-12e).

To final the vertical offset at any point on a
vertical curve, first find the ratio x/l, then
square it and multiply by e. For example, at
station 28+00, the ratio of x/1 = 50/200 = 1/4.

The vertical offset at station 28 + 50 equals
(1/16) (-8) or 0.50. Repeat this procedure to
fmd the vertical offset at each of the 50-foot
stations. List the results under columns 3, 4, and
5.

STEP 6: Compute the grade elevation at each
of the 50-foot stations.

When the curve is on a crest, the sign of the
offset will be negative, therefore, subtract the
vertical offset (the figure in column 5) from the
elevation on the tangent (the figure in column
2). For example, the grade elevation at station
29 + 50 is 225.62 minus 0.50 or 225.12 feet.
Obtain the gade elevation at each of the
stations in a similar manner. Enter the results
under column 6.

NOTE: When the curve is in a dip, the sign
will be positive, therefore; you will ADD the
vertical offset (the figure in column 5) to the
elevation on the tangent (the figure in column
2).

STEP 7. Find the turning point on the vertical
curve.

When the curve is on a crest, the turning point
is the highest point on the curve. When the curve
is in a dip, the turning point is the lowest point
on the curve. The turning point will be directly
above or below the P.V.I. only when both
tangents have the same percent of slope (ignor-
ing the algebraic sign). Otherwise, the turning
point will be on the same side of the curve as the
tangent with the least percent of slope.

The horizontal locatien of the turning point is
measured from the P.V.C. if the tangent with
the lesser slope begins there, or from the P.V.T.
if the tangent with the lesser slope ends there.
The horizontal location is found by the formula:

whert:

xt = distance of turning point from P.V.C.
or P.V.T.

g = lesser slope (ignoring signs)
L = length of curr.3 in stations
G = algebraid difference of slopes

For the curve we are calculating, the computa-
tions would be:
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Therefore, the turning point is 1.75 stations, or
175 feet, from the P.V.T. (station 30+25).

The vertical offset for tht turning point
would be found by the formula:

Yqcty e

For this curve the computations would be:

()2 e=(1.75) 2. 8 = 6.12
2

The elevation of the P.O.V.T. at 30+25 would
be 237.37, calculated as explained earlier. The
elevation on the curve would be 237.37 6.12
= 231.25.

STEP 8: Check your work.
One of the characteristics of a symmetrical

parabolic curve is that the second differences
between successive grade elevations at full sti-
dons are constant. In computing the fust and
second differences (columns 7 and 8), you must
take the plus or minus signs into consideration.
When you round off your grade elevation figures
according to the degree of precision required,
you introduce an error which will cause the
second differences to vary slightly froM one
another. However, the slight variation does not
detract from the value of the second differences
as a check on your computations. You are
cautioned that the second differences will not
always come out EXACTLY even and eqmal. It
is merely a coincidence that the second differ
ences have come out exactly the same in this
particular problem.

Unsymmenical Wrtical Curves

An UNSYMMETRICAL VERTICAL CURVE
is a curve in which the horizontal distance from
the P.V.I. to the P.V.C. is different from the
horizontal distance between the P.V.I. and the
P.V.T. In other words, li does NOT equal 12.
Unsymmetrical curves are sometimes described
as having unequal tangents and are referred to as
"dog legs."

Figure 8-43 shows an unsymmetrical curve
with a horizontal distance of 400 feet on the left
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and a horizontal distance of 200 feet on the
right of the P.V.I. The gradient of the tangent at
the P.V.C. is -4%; the gradient of the tangent at
the P.V.T. is +6%. Note that the curve IS in a
dip.

Given: Elevation at the P.V.I. is 332.68
feet
Station at the P.V.I. is 42+00

is 400 feet
2 is 200 feet

81 is -4%
g2 is +6%

To Find: Calculate the grade elevations
on the curve to the nearest hundredth.

Figure 8-44 shows the computations. Set four
100-foot stations on the left side of the P.V.I.
(between the P.V.I. and the P.V.C.). Set four
50-foot stations on the right side of the P.V.L
(between the P.V.I. and the P.V.T.). The proce-
dure for solving an unsymmetrical curve prob-
lem is essentially the same as that used in solving
a symmetrical curve. There are, however, impor-
tant differences you should be cautidned about.

.Fust, use a different formula for the calculation
of the middle vertical offset at the P.V.L In an
unsymmetrical :nave, substituting in the -for-
mula:

12

e = (81 82)
2(11+12)

(4)(2)
e 2(4+2)

(-4 - (+6))

8e = 12(10) = 6.67 feet

Second, you are cautioned that the check on
your computations by use of second differences
does NOT work out the same way for an
unsymmetrical curve as for a symmetriCal curve.
The second difference will not check for the
differences that span the PN.I.; this is because
an unsymmetrical curve is really two parabolas,
one on each side of the P.V.I., having a common
P.O.V.C. opposite the P.V.I. The second differ-
ence will check out, however, back and ahead of
the first station on each side of the P.V.I.

6 3
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ELEV. 341.40
10+00 39+00 4+0 4+0 4+0 +4 4+0.+0 +00

P.V.T.
ELEV.
24431

as 400.00

STA. 42+ 00
P V LELEV. 332.4$

Figure 8-43.Unsymmetrical vertical curve.

Third, the turning point is not necessarily
above-or below the tangent with the lesser slope.
The horizonml location is found by one of two
formulas:.

fiorn the P.V.C.

xt=(102
2e

I 2 200.00

from the P.V.T.

xt = (12)2 g2
2e

45.371

The procedure is to estimate which side of the
P.V.I. the turning point is on, then use the
proper fortnula tb find its location. If the

Col. I

Stations

COL 2

Elevations on
tangent

Col. 3 Col.

WO:

Col, 5

Vertical
o(fsets

Col.

Omit vie% ation on Mite

38+00 (P. V. C.) 348. 68 0 0 0 348. 68

39+00 344. 68 y4 4- . 42 345. 10
100 foot

aations.
40+ 00 340. 68 y4 1)67 342. 35

Er.

41+oo 33o. 68 314 ,16 4- 3. 75 :340. 43

42+00 (P. V. I.) 332. 68 1 1 + 6. 67 339. 35

42+50 335. 68 Y4 6 + 3. 75 339. 43

43+00 -r 338. 68 + 1. 67 340. 35 50 foot
Ntations.

43+50 341. 68 Y4 . 42 10

44+00 (P. V. T.) 344. 68 0 0 :344. 68

45.372
figure 8-44.Tsbi. of computations of elevations on an unsymmetrical vertical curve.
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formula indicates that the turning point is on
the opposite side qf the you must use the
other formula to determine the correct location.
For example, you estimate that the turning
point is between the P.V.C. and P.V.I. for the
curve in figure 8-43. Solving the formula:

= = (4)2 4 = 4.80 or
) --676.7

station 42+80.
Station 42+80 is between the P.V.1. and P.V.T.,
so use the formula:

(1 )2 (2)2 6
xt 52 (2) 6.67

1.80 or

station 42+20.

Station 42+20 is the correct location of the
turning point. The elevation of the P.ON.T., the
amount of the offset, and the elevation on the
curve is determined as previously explained.

/241
urecking the Computation by Plotting

Always check your work by plotting the
grade tangents and the curve in profile on an
exaggerated vertical scale; that is, with the
vertical scale perhaps 1.0 times the horizontal
scale. The details of profile plotting are covered

-in Engineering Aid 3 & 2. After the P.O.V.C.'s
have been plotted, you should be able to draw a
smooth parabolic curve through the points with
the help of a ship's curve or other appropriate
irregular curve; if you can't, check your compu-
tations.

Using a Profile Work Sheet

After you have had sonie experience comput-
ing curves using a table as shown in the
foregoing examples, you May wish to eliminate
the table and write your computations directly
on a work print of the profile. The engineer will
set the gradqs and indicate the length of the
vertical curves. You may then scale the P.V.I.
elevations and compute the grades if the engi-
neer hasn't done so. Then, using the calculating
machine, compute the P.ON.T. elevations at the
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selected stations. You will fmd that you can set
up the computations in the calculating machine
so that you can carry the grades, the stations,
and the elevations in the machine from one end
of the profile to the other, checking in at each
previously set P.V.I. eleYation. Write the tangent
elevation at each station on the worksheet.
Next, compute e; in the many cases where three
significant figures are sufficient, it is most
convenient to use your slide rule. Then compute..
each vertical offset: mentally note the x/I ratio,
then square it' and multiply by e on your slide
mle. Write the offset on the work print opposite
the tangent elevation. Next, add or subtract the
offsets from the tangent elevations (either men-
tally or on the machine) to give you the curve
elevations which you then record on the work
sheet. Plot the P.O.V.C. elevations, and draw in
the curve. Last, put the necessary information
on the original tracing. The information gener.
ally shown includes grades, fmished elevations,
Length of curve, location of P.V.C., P.V.I.,
P.V.T., and the e. Figure 8-45 shows a portion
of a typical work sheet completed up to the
point of drawing the curve.

FIELD STAKEOUT OF
VERTICAL CURVES

The stakeout of a vertical curve consists,
basically, of marking the finished elevations in
the field to guide the construction personnel.
Detailed procedures for setting grade stakes are
covered in Engineering Aid 3 & 2. The proce-
dure for setting a grade stake is the same
whether it's on a tangent or on a curve, so a
vertical curve introduces no special problem. As
indicated before, stakes are sometimes set closer
together on a curve than on a tangent; but this
will usually have been foreseen, and the -plans
will show the finished grade eleyations at the
required stations. If, however, the field condi-
tions do require 'a stake at an odd plus on .3
curve, you may compute the nieded P.O.V.C.
elevation in the field using the data given on the
plans and the computational procedures in this
chapter.
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