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FOREWORD

For many years those responsible for teaching drafting have felt a need tor competency-based
instructional materials. To address this nced, MAVCC has previously published two texts,
Basic Drafting. Book One, and Basic Drafting, Book Two. During the development of these
basic materials, an even greater need was established. that being supplemental instructiona!
materials to help the students specialize in various areas of drafting. Teachers. industry repre-
sentatives, teacher educators, and state supervisors who have served on the developmental
committees have accepted this challenge and have completed specialized publications to fol-
low-up the basic books.

Civil Drafting is now added 1o the list of other publications (Mechanical Drafting, Architectural
Dralting, Light Commercial Drafting. Pipe Drafting, Electronic Drafting, and Residential Solar
Systems.} These specialized publications are designed to be used in addition to the first two
publications, and are developed to strengthen student competency in speciaiized fields of
drahiing.

This publication is designed to assist teachers in improving instruction. As this publication is
used. it is hoped that the student performance will improve so the students will be better able
to assume a role in their chosen occupations. Every effort has been made to make this publi-
calion readable and by all means usable. Three vital parts of instruction have been intention-
ally omitted (motivation. personalization, and localization). These areas ar2 left tc the
individual instructors who shouid capitalize on them. Only then will this publication become a
vital part of the teaching-tearning process.

Greg Pierce Les Abel
Executive Director Chairman, Board of Directors
Mid-America Vocational Mid-America Vocational

Curriculum Consortium Curriculum Consortium
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USE OF THIS PUBLICATION

instructional Units

Civil Drafting comtains twelve units. Each instructional unit inciudes some or all of the basic
components of a unit of instruction; performance objectives. suggested activities for teachers
and students, information sheets. assignment sheets. job sheets. visual aids, tests, and
answers to the tests. Units are planned for more than one lesson or class period of instruction.

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
B. The skills which must be demonstrated

1. Supplies needed

2. Equipment needed

3. Amount of practice needed

4. Amount of class time needed for demonstrations

C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objeclives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject matier
to be covered in a unit of instruction; and specific objectives, stating the studeni performance
necessary {0 reach the uhit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding of the intent of the
objectives. A limited number of performance terms have been used in the abjectives for this
curriculum to assist i, promoting the effectiveness of the communication among all individ-
uals using the materials,

Reading ot the objectives by the student should be foliowed by a class discussion to
answer any questions concerning performance requirements for each instructionat unit,

Teachers should feel free to add objectives which will fit the material to the needs of the stu-
dents and community. When teachers add objectives, they should remember {0 supply the
needed information, assignment and/or job sheets, and criterion tests.



Suggested Activities for the Instructor

Each unit of instruction has a suggested activitien shoeet cathnming steps 1o fol'ow in accon
plishing specibic objectives. Dutivs of instructors will vy accotdimyg 1o the particula wat,
however, for bost use of the material they should include the following: provide studenis with
ebprctive sheel information sheet, assigniment sheets, and ok sheets: proview Hiimetrips,
make transparencies. and anange for resource materials and people; discuss umt and spe-
cifie objectives and information sheet, ave tesi. Teachers are gneoaraged 16 use any addi
tonal instructional activities and teaching methods foaid students i accomphishing the
objectives

Information Sheets

information sheets provide content essential for meeting the cognitive v..owledge) objec-
twves i the enit Tne teacher will hind that the informatien sheets serve as an excellent guide
for presenting the background knowledage necessary to develep the skidl specthied in the unit
obyective.

Students should read the intornmaton sheets belore the intormation s discussed in class,
Students may tike additional notes on the information sheels

Transparency Masiers

Transparency masters provide mformation in a special way The students may see as well
3% hear the material being presented, thus remtorcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particularly effective when identirication is necessary.

Transparencies should be made and placed in the notebook where they will be 11 mediately
available for use. Transparencies direcl the classs altention 10 the fopic of discussion. Thes
should be left on the sereen only whon topics shown are under discussion.

Assignment Sheets

Assignment she s give direction o study and furnish practice for paper and pencil activi
hes to develop the knowledge which is o necessary prereguisite to skill devetopment. These
may be given to the student for completion in class o used for homework assignments
Answer shinets are provided which may be used by the student andior teacher for checking
stiddent pprogress.

Job Sheets

Job sheeis are an important segment of cach umt. The instructor should be abie to demen.
strate the skills outlined in the job sheets. Procedures ~utlined i the job sheets give ditection
1o the skill being taught and allow both student and teacher 1o check student progress 1owdarnd
the accomplishment of the skill, Joh sheets provide a ready outline for students to follow if
they have missed a demonstration. Job sheets also furmish potential employers with a picture
of the skilts being taught and the performances which might reasonabty be expected from a
persan who bas had this training.



Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student achieve-
ment o each objective listed in the unit of instruction. Individual test items may be pulled out
and used as a short test to determine student achievement of a particular objective. This kind
of testing may be used as a daily nuiz and will heip the teacher spol difficulties being encoun-
tered by students in their efforts 1o accomplish the unit objective. Test items for objectives
added by the teacher shou!d be constructed and added 1o the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher andior student
for checking student achievement of the objectives.

Xi
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CIVIL DRAFTING
INSTRUCTIONAL/TASK ANALYSIS

RELATED INFORMATION: What
tho Workzr Should Kiow
{Cognitive)

JOB TRAINING: What the
Worker Shouid Be Abie to Do

{Psychomotor}

UNIT I INTRODUCTION TO CIVIL DRAFTING

Yerms and detinitions
Required skills of a civil drafter
Job responsibilities of a civil drafter

Major employment opporiunities for a
civil drafler

Organization  structures for design
teams in smail and large firms

Specially areas for civil engineering
tirms

Occupalions related to civil arafting
Major classes of maps
Typical drawings used in civil drafting

Drafting equipment used by civil draft-
1S

11.

12.
13

Take basic math pretest
Interview a civil drafter
Research possible employment oppor-

tunitirs in civi! drafting in your local
arca

UNIT il: MAP SCALES AND MEASUREMENT

Terms and definitions

Standard measures and they equive
lents

Characterintics of map scales

Ways map scu o8 are expressed

®ili
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11.

12,

3

RELATED INFORMATION: What
the Worker Shouild Know

{Cognitive)
Ranges of map scales

Factors atfecting the selection of a
map scale

Types of maps and their common
scales

Characteristice of a quadrangle scale

Quadrangle scales commoenly used on
U.5.G.S. topographic maps

Characteristics of graphic scales
Published map acruracy standards

Types of scales used in civil drafting

JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotorn)

Convert a representative fraction {o a
graphic scale

Read a vernier scale

Measure with a civil engineer's scale

UNIT iH: STANDARD SYMBOLS AND ABBREVIATIONS

Terms and definitions

Common types of symbols used in civil
drafting

Abbreviations commonly used in civil
drafting

Factors that determine when an abbre-
viation shouid be used

Purposes of symbols on maps
U.8.G.8. topographic map symbols

Other conventional topographic sym-
bols

Boundary, fence. and track hxture sym-
bols

Civil symbols

Xiv
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. RELATED INFORMATIC [ What JOB TRAINING: What the
the Worker Shouid Know Worker Should Be Able 1o Do
{Cognitive) {Psychomotor)
10.  Ulility and service symbols
11 Hydrographic and navigation symbols
12.  Geological structure symbols
13.  Oil and gas symbols
14.  North arrow symbols
15, General rules for drawing map symbols
16.  Methods used in drawing symbol!s

17.  Color codes and map symbois

18. Common material symbols used in
structural and architectural drawings

19.  Standard symbols for pipe filtings
20. Common welding symbols

. 21.  Set up a map legend

22.  Locate and identily symbols and fea-
tures on a U.S.G.S. map
UNIT IV: INTERPRETATION OF SURVEYOR'S NOTATIONS
1. Terms and definitions

2. Survey methtods to determine dis-
tances and pusitions of points

3. Types of horizontal and vertical angles
4. Principal surveying equipment

5. Types of sunveys

6. Stationing

7. Field notes

8. Arrangement of field noles in the field
book

XV




RELATED INFORMATION: What JOB TRAINING: Whal the
the Worker Should Know Worker Should Be Able to Do
{Cognitive) {Psychomotor)
9. Methods of recording field notes
10.  Examples of types of field notes

11.  Traverses

12.  Differences between a bearing and an
azimuth

13.  Formuias used to convert bearings to
azimuths and azimuths te bearings

4. Common methods for plotling tra-
VerSes

15, Plot lines and distances using several
methods

16. Convert azimuths to beatings and
bearings ¢ azimuths

17.  Layout a closed travorse

18. Complete a mathematical closure of a
traversae

19.  Reduce four types of field notes
20.  Draw a mag using bearings. distances.
and coordinates
UNIT V. LEGAL LAND DESCRIPTIONS

1. Terms and definitions
2. Methods of ler ! land descriptions
3. U.S. public land survey systen
4. Subdivision of a section

Lot and biock descriptions

wm

6. Metes and bounds descriptions

7. Components used to develop a plat

XVi




8.

9.

10.

11.

12.

13.

RELATED INFORMATION: Whaat
the Worker Should Know
{Cognitive)

Slate plane coordinates

JOB TRAINING: What the
Worker Should Be Able to Do

Common egal aspects of land acquisi-

tion

10.

1.

12.

13

{Psychomotorn

Answer questions based on the U.S,
pubtic land survey system

Write and iocate descriptions for the
subdivision of a sectlion

Write a lot and biock description

ldentify components used to develop a
plat

UNIT VI: MAP DBAFTING PROCEDURES

Terms and definitions
Types of drafting media
Characteristics of scribing

Types of photographic block-out prod-
ucts

Types of lettering used in civil drafting
Rules for good lettering

Methods of map registration
Reprographic techniques

Types of pressure-sensitive films
Methods used for coloring maps
Aerial photography

Methods of drawing reproduction

Standard sheet format ior & set of civil
drawings

Components of a map layout

<
-
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RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Workar Should Be Able to Do
{Cognitive) (Psychomotor)
15.  Steps for drafting a map or drawing

16,  Common misiakes made in map draft-
ing

17. Types of planimeters
18.  Paris of a polai planimeter

19. Complete a tracing in ink of a mapped
area

20.  Apply transfer film and press-on letters
21,  Register a map
22. Use a polar planimeler 10 determine
acreage
UNIT Vil: PLATS AND SUBDIVISIONS
. Terms and definitions
2. Subdivision planning

3. Ofticial agents who may regulate sub-
division planning

4.  Duties that may be performed by regu-
latory agents for the subdivision of
land

5. Steps in planning a subdivision

6. Final recordation of a subdivision plat
map

7. Individuais who certify and approve
the final ptat map

8. Legal descriptions
9. Guidelines for drafting a plat

10.  Methods for laying out and deveioping
a map

o
-
N
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. RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Shouid Be Able to Do
{Cognitive) (Psychomotor)

11.  Layout a boundary survey f-om a legal
description

12. BReduce field notes and plot a simple
boundary survey

13.  Develop from field notes ihe plat map
for a nine lot subdivision

14. Redraw to scale a compiete final plat
of a 36 lot subdivision

15.  Research the plat information for your
property or a property in your area
UNIT ViiI: TOPOGRAPHIC MAPPING
1. Terms and definitions
2. Uses of topographic maps

. 3. Types of surveys used in topographic
mapping

4. Field methods for obtaining topogra-
phy

5. Factors affecting the selection of the
tieid method to be used for a topo-
grapnic survey

6. Horizontal and vertical controls for
topographic surveys

7. Sieps in laying out a topographic sur-
vey

8. Methods used to establish contours
with the correct descriptions

9. National standards for horizontal and
vertical accuracy on topographic maps

10.  Scale ratios used in the U S.G.S. toho-
graphic series

. 11.  Selection of contour intervals

Xix




12.

13.

14.

15.

16.

17.

18.

19.

21,

22.

23.

24.

b

N

RELATED INFORMATION: What
the Worker Should Know
(Cognitive)
Characteristics of contour lines

Contour line configurations

Common methods used to calculate
area from a topographic map

Steps in calcutating cut and fill using
the contour area method

Steps in developing and plotting a pro-
file trom protiie leveling notes

Sieps used to develop a profile from a
contour map

Methods for plotting contour lines
Fixing a grade line

Aerial photogrammetry

Advantages and disadvantages of
using aerial photography for mapping
work

Applications of aerial photogrammetry

Aerial photo control

Steps for using a stereoscope

JOB TRAINING: What the
Worker Should Be Abie to Do

27.

{Psychomotor)

Interpolate contours {rom a grid survey
and prepare profiles from the contour
map

Set up contours in isomelric

Calculate grades in percents

UNIT IX: TRANSPORTATION MAPPING

Terms and definitions
Purpose of route surveys

Fundamentals of a roule survey

XX
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. RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able to Do
(Cognitive) {Psychomotor)

4.  Superelevated roadways
5. Elements ot a herizontal circular curve

6. Mathematical ‘ormulas used for com-
puting a horizontal curve

7. Circular curve layout by tangent off-
sets

8. Vertical curves
9. Plan views for route surveys

10.  Characteristics of profiles for a route
survey

11, Characteristics of cross sections for a
route survey

12.  Field note reduction for a cross section
13.  Plotting cross sections

. 14.  Methods used to determine areas of
Cross sections

15. Formulas for calculating earth voiume

16.  Drawings included in a set of highway
plans

17. Common horizonta! and vertical scales
used in transportation mapping for
rural and urban areas

18. ltems that appear on a typical title
sheet for a set of highway plans

19.  Detail sheets

20.  Drafting of plan views. profiles, and
cross sections

<1 Layout open traverses using several
methods

22.  Layout a survey alignment for a road
using bearings and coordinates

23.  Plot tield notes for horizontal control,
. topography, profile, and cross section
for a proposed road

xx$ 7




RELATED INFORMATION: What JOB TRAINING: What the .
the Worker Should Know Worker Should Be Abie to Do
{Cognitive) {Psychomotcn
UNIT X: MUNICIPAL MAPPING
1. Terms and definiticns

2.  Types of utilities

3. Agencies who develop and maintain
municipal maps

4, Users of municipal maps

5. Types of drawings used in municipal
mapping

6. Methods of presenting utilities on
maps

7. Surveying and mapping of municipal
maps

8  Support information needed to
develop utility drawings for a specitic
area

9. LHility easements
10.  Types of valves and valve housings
11.  Types of gas piping and devices

12. information included on utility draw-
ings

13.  Types of sewers and sewer lines
14,  Research the plats for local utilities
15. Draft a map ot all utilities for a local
area
UNIT XI: STRUCTURAL DRAFTING
1. Terms and detinitions
Definition of structural drawing

Types of structures

> wm

Types of materials used for structures

X Xii




10.

11.

12.

13.

14,

18.

16.

7.

18.

19.

21.

22.

23.

24.

25,

RELATED INFORMATION: Whau
the Worker Should Know
{Cognitive)
Types of steel nembers
Structural steel shapes

Drawing practices for steel members

Placen ent of gage lines for steel mem-
bers

Fastener sizes and spacings

Dimensioning procedures for steel
structures

Structural steel callouts

Structural steel marking

Anchor boits

Types of concrete

Types of concrete reinforcement
Standard prestressed concrete units
Foundation parts

Types of structural drawings for con-
crete

Standard symbols and abbreviations
tor concrete placing drawings

Standard practices for documentation
of rebar

Exampies of typical details for con-
crete structures

Wood construction
Types of wood connectors
Types of framing connectors

Components of wood construction

X Xiii

JOB TRAINING: What the
Worker Should Be Able o Do
{Psychomoton



RELATED INFORMATION: What JOB TRAINING: What the
the Worker Should Know Worker Should Be Able 1o Do
{Cog.itive) {(Psychomotor)
26. Heavy timber construction

27.  Prepare detail drawings of siructural
steel members

28. Diaw to scaie a concrele engineering
drawing

29.  Detail a wood truss

UNIY Xil: COMPUTER APPLICATIONS
1. CAD equipment terms and detinitions
2. CAD terminology and definitions
3. Hardware used in a CAD system
4. Data input
9. Data output

8. Digital and interactive computer graph-
ics

7. Types of computer drawings

8. Methods ot storing araphic informa-
tion

9. Advantages of using computers for
mapping applications

10. Computer applications for civil map-
ping
11.  Parts of an interactive data manage-

ment system for mapping

12, Research computer apphcations in the
civil drafting field

LS )
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INTRODUCTION TO CIVIL DRAFTING
UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to list the duties and responsibilities
of a civil drafter, and identify kinds of maps and drawings used by civil drafters. Competencics
will be demonst-ated by correctly completing the assignment sheets and by scoring 85 per-
cent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student shouid be able to:

1.

2.

10.

11

Match terms related to an introduction to civil drafting with the correct definitions.
Select required skills of a civil drafter.

List job responsibilities of a civil drafter.

List major employment opportunities for a civil dratter.

Distinguish between organization structures for design teams in small and large
firms.

List speciaity areas for civil engineering firms.

Selact occupations related to civil drafting.

Identify major classes of maps.

Match major classes of maps with the correct characteristics.
Match typical drawings used in civil drafting with the correct uses.

identify drafling equipment used by civil drafters.

FECIE



OBJECTIVE SHEET

12. Take basic math pretest. (Assignment Sheet #1)

13. Interview a civil drafter. (Assignment Sheet #2)

14. Research possible employment opportunities ir civil drafting in your local area.
{Assignment Sheet #3)
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INTRODUCTION TO CIVIL DRAFTING
UNIT §

SUGGESTEDR ACTIVITIES

Qbtamn additional matenals andior mvite resaarce peopde to class o supplomentaom:
force information prowvided in this unit of insttuction

iINOTE: This activily shouid be completed prior 1o the feachung of this unit)

Make transparencies trom the tfransparency masters 1 cluded with this unit

Provide students with objective sheet.
}

Discuss unit and specitic objectives,

Provide students with information and assignment sheets.

Discuss information and assignment sheets.

{(NOTE: Use the transparencies ¢ onhance the informanon as needer!.)

integrate the following activibies throughout the teaching of this unit

"y

1

&,

Upon completion of the math pretest, evatuate what specific areas mav need fur
ther devetopment and provide additional work sheets that students may complete

Write and send for different kinds of maps of your Jocal area avaiable through gove
erpment agencies.

Make a tield trip 1o a farge civil enqineenng tirnm 1o see the different kinds of civil
drafting work being done.

invite a civil drafter into the classroom 1o taik aboul working @ the field of cvil
cengineering and 115 {ob duties and educational requaements

Invite a civil engineer into the classroom {o speak about rgquirements expected of
the cwvil drafter such as math and drafting skills.

Demonstrate special dratting tools as they apply o civil drafting.

Meet indridually with ctudents 1o evaluate their progress through this ung of
instruction, and mdicate 1o them possible areas for nprovemaent

Give tost.

Evaluate test,

Retcach if neges saty

CD-3



INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT .
A Obijective sheet
8. Information sheet
C. Transparency masters

1. TM 1 — Typical Geographic Map
TM 2 — Typical Topographic Map
TM 3 — Typical Cadasiral Map
TM 4 — Typical Engineering Map
TM 5 - Geologic Map

@ uos N

TM 6 — Aeronautical Chart
7. TM7 — Kinds of Surveying and Mapping
8. TM B - Typical Title Sheet
9. TM9 — Typical +'an and Profile
10.  TM 10 — Typical hoadway Cross Sectlion
1. TM 11 — Typical Structural Detais .
12,  TM 12 - Other Civil Drawings
13 TM 13 — Typical Intersection Detail
14, TM 14 — Planimeters
15. TM 15 — Types of Curves
16.  TM 16 -- Civil Head Drafting Machine
17, TM 17 — Stereoscope
18. TM 18 - Scribing Tools
19.  TM 18 — Other Specially Tools
20. TM 22 -- Qther Specialty Tools (Continued)
D. Assignment sheets
1. Assignment Sheet #1 — Take Basic Ma'h Pretest
2. Assignment bheet #2 — Interview a Civil Drafter

3. Assignment Sheet #3 — Research Possibie Employment Opportunities in Civil
Drafting in Your Local Area .
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B.

o

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

Answors to assignment sheots
Test
Answers {o test
REFERENCES USED IN WRITING THIS UNIT

Hoelscher, Randolph, Clitford Springer. and Jerry Dobrovolny. Graphics for Engineers,
New York: John Wiley and Sons. inc., 1863,

Glossaries ot BLM Surveying and Mapping Terms, 2nd ed. Bureau of Land Manage-
ment/U.S. Department of the Interior, 1930.

Detinitions of Surveying and Associated Terms. American Congress on Surveying and
Mapping and the American Society of Cwvil Engineers, 1978

Nelson. John A. Drafting for Trades and Industry: Ciwvil. Albany, NY: Delmar Publishers,
1979.

Madsen. David and Terence Shumake.. Civif Drafting Technology. Englewcod Cliffs, NJ:
Prentice-Hall. inc., 1983.

Wattles. Gurdon. Survey Drafting. Orange. CA: Gurdon H. Wattles Publications, 1977.

Bies, John and Robert Long. Mapping and Topographic Drafting. Cincinnati, OH: South-
Western Publishing Co., 1983.

Steae, Bobert. Modern Topographic Drawing. Rouston, TX: Gulf Publishing Co.. 1980.

Brown, Walter. Drafting for industry Souith Holland. 1L Goodheart-Wilcox Company,
I .. 1978

State Board for Community Golleges. Occupational Analysis Civil Technology. Denver,
CO. Publication No. QA37. Dec. 1979,

Wirshing, Roy and James Wirshing. Cwvil Engineering Drifting. New York: McGraw-Hill
Buo % Go., 1983
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. INTRODUCTION TO CIVIL DRAFTING
UNIT |

INFORMATION SHEET

L. Jerms and definitions
A CAD — Computer-aided drafting or “esign

B. Cadastral map — A map showing 1. boundaries of subdivisions of land
with bearings, lengths, and areas of individual tracts. for purposes of
describing and recording ownership

C. Cartography — The science of map making

Civil drafter — A drafter used to support civil ergineering with the prepara-
tion of technical materials

Examples: Maps, engineering calculations, interpretation of surveying
notes, and data related to the design of civil projects

E. Civil engineer — A person who has completed a minimum of 4 years of col-
lege and has specialized in civil-related engineering

F Civil engineering — A discipline concerned with the design and construc-
’ tion of various municipal and state projects for the general public, such as
bridges, roads, dams, canals, and pipelines

G. Contour line — A line used to connect points on a land surface that have
the same elevation

H. Elevation — Altitude or height above sea jeve

I Geodetic survey — A precise sutvey of considerable extent which takes
into account the shape of the earth

J Geographic -~ Signifying basic relationship to the earth considered as a
globe-shaped body; applies to data based on the geoid and on the spheroid

K. Map — Graphic representation of the earth's surface drawn to scale on a
plane surface

L. Pantograph — An instrument for copying maps and drawings at a predater-
mined reduction o1 entargement

M.  Planimeter — A device for measunng small areas by mechanical integra-
tion

N. Plan view — A view as seen from directly above the land

Q0. Profile — An outline of a cross section of the earth

photographs or diagrams simultaneously to obtain the impression of a 3-

P Stereoscope — An optical instrument used for viewing two properly related
. dimensional object
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INFORMATION SHEET

Surveying — Determining and representing accurately on paper the area of
any porlion of the earth’s surface, the lengths and directions of the bound-
ary lines, and the contour of the surface by taking linear and angular mea-
surements and by applying the principles of geometry and trigonometry

Topography - The configuration or shape of the land surface of any area

U.5.G.S. — United States Geological Survey

Required skills of a civil drafter

{NOTE: Civil dratting skills can be acquired from a vocational-technical schooi or
community college that offers a drafting program.)

A.

o

mm o

Basic drafting techniques in line work, lettering, and the use of tools and
equipment

Math skills up through trigonometry
Good communication skills
Recognition of map symbols and abbreviations
CAD training
Drafting applications and calculations ior:
1. Basic surveying
2. Drafting of maps and plans
3. Topegraphic mapping
4. Cut and fill

Job responsibilities of a civil drafter

A

Prepare maps and plans

{NOTE: To correctly prepare maps and plans, the drafter must be able to use
reference materials and manuals, drafting equipment, and appropriate sym-
Lols and abbreviations, as well as lay out plan sheets and prepare working
drawings from skeiches and notes.)

Work with survey data

Examples: Reduce field notes, plot contours, lay out beanngs and azi-
muths, lay out boundary surveys and strip surveys

Gather, organize, and record data

Perform engineering calculations

Exampies: Reduce field notes, calculate iraverses, closures, area and vol-
ume, horizontal and vertical curves, earthwork volume, hori-

zontal and vertical angles, strengths of material, and state
plane coordinates
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. INFORMATION SHEET

E. Asgsist in the drafting and design of:
1.  Subdivisions

Surface drainage systems

Major structures

Water treatment facilities

Water distribution facilities

Storm sewer systems

Transportation systems

o N U oA W N

Utility facilities
F Communicate effectively

Examples: Write reports, work as a team member, lead a work team, pre-
pare graphic exhibits

IV Employment opportunities for a civil dratter
. A. Private civil engineering and surveying firms

(NOTE: Civil engineering and surveying firms are jocated in every state, and
many hire both permanent, fuli-time civil drafters and free-lance civil draii-
ers as well as many other employees.)

B. Local government agencies

1. County planning offices
City planning department
Highway department
Water department

Engineering and planning office

= S T S X X

Parks and recreation department
C. Federal government agencies

1.  Department of Transportation
Bureau of Census
Defense Mapping Agency (DMA)

Department of the Interior

oos W N

Department of Agriculture
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INFORMATION SHEET .

6. Bureau of Indian Affairs
7.  All energy regulatory agencies
B8. Corp of Engineers
9. Soil Conservation
10. Depariment of Commerce
{NOTE: Other agencies may be available in your area.)
V. Organization stnuctures of design teams in civil engineering firms
(NOTE: Each firm is individual in the way they organize their line of responsibility.)
A, Small civil engineering firms
1.  Are less structured
2.  Usually have ten or fewer staff members
3. The drafter will have many different job responsibitities. ‘

4. Communication i5 usually by word of mouth.
i{Enginaering ‘
|

Surveying Design

Drafting 1

8. Large civil engineering firms
1. Have specific lines of ruthority and responsibility

2. Are able to specialize in a specitic area of drafting or mapping .
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. INFORMATION SHEET

3.  Usually have .in organizational/standards manual which will include
personnel poticies and technical procedures

Surveying Ma,ping _]l Engirsering
l L L i
Photo- Field Fleld
grammatry Surveying l-{:nmpilatiun Design Design Construction
Drawing and
Map Production } Orafing
Raproduction
Vi.  Speciaity areas for clvil engineering firms
. (NOTE: Some civil engineering firms specialize in only one area, while other larger

companies are more diversified and perform work in many of these areas.)
A. Land planning and subdivision

B. Transportation

Ficod control

Irrigation and drainage

Sewage and water treatment

m Mmoo D

Municipal improvements

Environmental studies

r o

Land and construction surveys

—y
12

Construction inspection
J. Refuse disposal

K. Map making

. L. Power plants
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INFORMATION SHEET .

Hydrologic studies
Foundation work and soil analysis

Agribusiness

T 0 z Z

Structural
Vil.  Occupations related to civil drafting

(NOTE: With additional training and/or experience, a civil drafter could move into
the following occupations.)

A.  Cartographic drafter

City planning aide

Estimator

Civil engineering technician
Instrument surveyor's assistant

Map maker .

Planning assistant

I & Mmoo 0 w

Surveyor's heiper

Construction materials testing technician
J. Traffic technician
K. Topographic drafter
Vill.  Major classes of maps (Transparencies 1—35)
(NOTE: Maps are classified on the basis of their purpose or ir.tended use.)
A. Geographic (Transparency 1)
B. Topographic (Transparency 2)
C. Cadastral (Transparency 3)
D. Engineering (Transparency 4)

(NOTE: There are many different specialty maps not shown in this unit, but most
are based on one of the above four classifications.) .
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. INFORMATION SHEET

IX.  Characteristics of maps
A Geographic maps (Transparency 1)
1. Show large area of land
2. Are drawn 1o a small scale
3.  Only show maijor features such as rivers, lakes, and dots for cities

4. Scales vary from a few miles to the inch to several hundred miles {o
the inch.

5. Examples can be found in an atias.
B. Topographic maps (Transparency 2)
1. Represent surface features of a region
2. Large scale maps show all the natural features down to smail
streams and man-made features such as city streets, bridges. pipe-

lines, elc.

. 3. U.5.G.S. topographic maps are the most widely known maps in this
class.

a. Are always bounded by meridians of longitude and latitude
b. Are made io the following scales:

1:24,000 — 1" = 2000 FEET

1:62,.500 — 1" = nearly 1 mile

1.125,000 -— 17 = nearly 2 miles

1:250,000 — 17 = neatly 4 miles

4. Use contour lines to show elevation

Contour maps showing principally the elevation of the iand are used
for location, 2stimating costs, and construction

.(,"'1

C. Cadastral maps {Transparency 3)

1. Are used primarily for showing political and civil boundaries. prop:-
erty lines, taration, and transfer of property

2. Are considered legal documents

. 3. Aredrawn on a large scale — usually greater than 6 inches 1o a mile
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May contain or show

a. Property tines — Al lengtne and bearings of boundary lines
b. Some natural teatures to help locate lines on the ground

o Acieage

d. Record of land ownership

8. Future planning and growth

f. Location of gas mains, water lings, and sewer lines

Exe.mples include plats of city additions, mineral rights, and farm
surveys.

Engineering maps (Transparency 4)

1.

Othe-

Are drawn for reconnaissance, construction, or maintenance pur
poses

Scale is seldom smaller than 17 = 400 11 and sometimes uses archi-
tectural scales.

Example: " equals 1’
May include topographic information

Can show more detail than a usual topographic map since they are
laiger in scile

Examples are maps for railroad, highway, canal, and hydroelectric
construction, building site maps. landscape maps, and dam and res-
ervoir maps.

maps (Transparencies 5 and 6)

Aeronautical charts -— Show air traffic routes, radio and electronic
aids, obstructions, and elevations of high points.

Hydrographic charts — Show shorelines, water depths, information
about harbors, anchorage details, and shipping approaches.

(NCTE: Additional intormation can be obtained from the National
Ocean Survey «nd the Lake Survey Center)



INFORMATION SHEET

3. Maps based on geodesic data
a. Geodesy is a branch of scienre and mathematics that deter-
mines the exact position of figures, points, and areas along
the curvature of the earth.

bt Examples are geologic maps and specially maps for location
sites of minerals and energy sources.

(NOTE: The type of map often comrelates io a specific type of survey. Refer to
Transparency 7 for a chart showing the kinds of surveying and mapping.)

Typical drawings used in clvil drawing

A. Title sheets (key maps) (Transparency 8)
1. identify the project with a name and number
2.  Show location map of the project
3.  Give an index to all sheets in the plan sat

B. Plan and profiles — Are drawings composed of a plan view and profile view
(usually located directly below the plan) (Transparency 9)

(NOTE: The plan and profile as used by civil engineers and state highway
departments can be compared {0 a top and section view in mechanicai
drafting.)

C. Typical cross sections {Transparency 10)

1. Are views of the inside ot the project cut open at right angles to the
survey centerline

2. Types of cross sections
a. Natural ground cross section
b. Typical section
C. Roadway cross section
d. Cut and fill cross section
D. Structural details (Transparency 11)

1. Provide a close-up ook at how a particular structural component is
made

2.  Show materials, dimensions, and section where needed

CD-15
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E. Pictorial drawings — Provide the viewer a three-dimensional view of the
map area, (Transparency 12)

E Schematic diagrams — Are details that may show connections and flow
directions through the use of symbols, lines, and dimensions. (Transpar-
ency 12)

G Intersection details — Are enlarged drawings of an intersection of several

streets that come together; show all pertinent information such as dimen-
sions, nght-of-ways, centerlines. and curve data. (Transparency 13)

Drafting equipment used by civil drafters
(NOTE: Most drafting offices use the same basic drafting tools. in this unit. only
specific tools used by civil drafters will be coverec. Refer to MAVCC's Basic Draft-
ing, Book i ior basic drafting tools.)
A Planimeters (Tiansparency 14)
B. Curves (Transparency 15)
1. Ship curves
2.  Flexible rute curves
3. Highway radius curves
4. Railroad curves
C. Civil head drafting machine (Transparency 16}
D. Stereoscope (Trangsparency 17)
E. Scribing tools (Transparency 18)
F Other specialty tools (Transparency 19)
1. Pantograph
2. Beam compass
3. Proportional dividers
4.  Spacing dividers
5. Map measures

6 Kern dotting pen and wheel
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Typical Geographic Map
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Typical Topographic Map
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Typical Engineering Map
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| Aeronautical Chart
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@ Kinds of Surveying and Mapping

Land or Property Survaying (Cadasiral)
Property and boundary surveys
Subdivision surveys and plats
Public-lands surveys
Surveys for plans and plats

Engineering Surveys for Design and Construction
Design data surveys (including route surveys)
Construction surveys
Mine surveys

Gecdstic Surveying, Geodetic Engineering, or Geodesy
Conirol surveys, first- and second-order accuracy
Geodstic asfronomy
Gravity surveys, magnetic declination surveys, figure-ofthe-earth
studies

Cartographic Surveying, Cartographic Engineering, or Map and
Chart Surveying
Control surveys, third- and fourth-order aocuracy
Topographic-planimetric surveys and 1naps
Hydrographic surveys

Aeriar Survey Series
Aerial photography
Electrical measurerments for distances und position fixes
Airborne magnetometer surveys
Radar-altimeter profiles and elevaticn

Cartography (Not Requiring Original Surveys)
Map desigr
Compiliation derived from existing source data
Map editing
Map reproduction

From Mapping and Topographic Draiting by John Bies and Robert Long. Reprinted with permis-
sion of South-Western Publishing Company.

ERIC

Full Tt Provided by ERIC.



Typical Title Sheet
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Typical Roadway Cross Section
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@ Typical Structural Details

36"
SQUARE

4" MIN. EACH
SIDE OF - PE

1: 3.5 CONCRETE

Detail: Key Construction Joint for
o Bottom and Walls
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® Other Civil Drawings

~—— ROAD LEVEL 200°

FiLL

Pictorial Drawing

125’ OF 8” MW CASING
4" MW ' 5048

o

1380 |
\ 100* OF
4" INS. CASING
2" MW

2903
=N

Schematic Diagram

Isometric Diagram

-
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Typical Intersection Detail
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o Planimeters

Electronic Planimeter
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® Types of Curves

N Railroad Curve f" |
{(various degrees of curvature available) *
0° 15" — 20°

N Highway Radius Curve N
(various radii available) Ship Curves
. 37 — 200" (many patterns available)
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® Civil Head Draiting Machine

Rotating Head with Double Vernier

T™ 17




CD- 51

@ Scribing Tools

Straight Line Graver
with Optic

s —

]
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i - ]
A f . o+ 2w o
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Direct Computing
Compass

Rigid Graver with Optic

. Courtssy of Keuftel and Esser Company.
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o Other Specialty Tools

Proportional Divider

. Spacing Divider

Courtesy of Keutiel and Esser Company.
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@ Other Specialty Tools

(Continued)

e —— e waemn o ma—

Minerva® Curvimeter Kern Dotting Patterns
. Courtesy of Keufte} and Esser Company. {others available)

T™ 20

ERIC
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. INTRODUCTION TO CiVIL DRAFTING
UNIT |

ASSIGNMENT SHEET #1 — TAKE BASIC MATH PRETEST

Directions: The following probiems are designed to assess your hasic math skills in various
areas. Solve each problem and place your answer in the blank or space allowed.

PART A: Addition
1. 9 2. 8 3. 92 4, B7
+ 8 + 8 38 26
+ 77 + 44
5. 44 6. 923 7. 327 8. 270
57 934 240 368
+ 63 966 136 609
+ 123 + 238 + 224
. 9. If acrew works 320 hours one week, 416 hours the next week, 345 hours the third week,
and 218 hours the fourth week, how many hours did the crew work in that month?

hours

10.  While repairing surface failures, a crew laid 528 sq ft of aggregate on the first job, 640 sq
ft on the second job, and 580 sq ft on the third job. How many square feet did the crew

cover?
sq ft
PART B: Subtraction
1. 84 2. 4635 3 4178 4, 983
- 57 - 3187 - 16538 - 656
5. 77 o. 83 7. 356 8. 378
~ 289 -~ 39 - 178 - 179




ASSIGNMENT SHEET #1

9. if the boom on a side boom is 18 ft and you need 25 ft to do a particular job, how much
boom wouid have to be added?

ft

10.  If guardrails were placed along 2,488 linear ft of roadway the first day, and the operator
needed to place them along 8,562 linear ft that week, how much more distance would
have to be covered in the remaining four days?

linear ft
PART C: Multiplication
1. 63 2 85 3 32 4 42
x 38 x 76 x 50 »x 96
5. 73 6. 54 7. 567 8. 879
x B4 x 83 X 485 X 729

8. it aloau of fill weighs 18,796 Ib, how much would 78 loads weigh?

pounds

10. it a dragline could stockpile 676 cubic yd of dirt in two days, how much could be stock-
piled in 14 days?

_ cublc vards

PART D: Divislon

1. 8196 2. 12724 3. 30)80 4. 661198
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ASSIGNMENT SHEET #1

5 1580 8. 23278 7. 191152 B, 6217730

9. i a forkiift travels 4,572 miles a year, how far would il travel in one monih?

miles

10. I the distance across a ravine is 13,808 f1, and the equipment can move only 80 fi. per
day, how long would it take for the equipment 10 cross?

days

PART E: Converting fractions

1. Convert each of the following mixed numbers to improper fractions (where the numera-
tion is the same or larger ithan the denominator such as 4/4, 5/3, and 10/9.) Do not reduce
answers to lowest terms at this time,

a 31 = . 2 L R
b 4; = o 3'3 S
c 7%:,_,_,_ h ?i::m_m_
d 8; S i. 9§ o
e b 2 e i 5 2 - —



ASSIGNMENT SHEET #1 .

2. Convert each of the following improper fractions to mixed numbers. Do not reduce
answers to jowest terms at this lime.

16 19

a. R f. 37—
b 35;3 = _ . Q. —g = ____

c 1;: = e h gg e
3o e
e 9o B

PART F: Reducing fractions {o lowest terms

Reduce the following fractions to the lowest terms. .
1 g - 6. g -

2 "2% = e ! 182 B

. S e

4 %g e 9. g:.__..m_

5 %g =_ 10. :g =
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. ASSIGNMENT SHEET #1

PART G: Finding lowest common denominators (LCD)

Find the lowest commoen denominator and convert each fraction to its LCD equivalent.

i a i; R 2. a ;: LCD = ____
b 32“ . b g-= ,,,,,,,, i}
o ,gzm_ c g="‘““

3 a g LCD = s a ;g LCD = ______
b %zmﬁ b :}=,____._____

0
e
PACTY

(e
LN

i

]

|




ASSIGNMENT SHEET #1

PART H: Adding, subtracting, multiplying, and dividing fractions

1 {2.;.2:”____“ 2. g+§=_,._._..
I SR
RN S
! g‘gz“‘ - 8 ; '1%= —
9 1 x23=,%___,_ 10 1x6%=_,*
11, gx?é:‘__-__, 12 ;ix;x;z
13, §+%=_~W 4. 8-:~§ —
15. 123-:-1%:_._._
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. ASSIGNMENT SHEET #1
PART I: Converting fractions to decimals
1. 5 ﬁ) =_ 6 3-3 = .
2 1,,1.26 - 7. 55-;=%,._
3 ;‘%ﬁ L 8 1102 =
4. 7 % = 8. 77 510 =
5. 5= 0. 122=__

PART J: Adding, subtracting, multiplying, and dividing decimals

1. 5.2 2. 72.24
4.38 16.28

' + 9.62 + 92,37

3. B68.87 - 51688 = — 4. 8§15 - $12583 =
5, 254 x31 = 6. 3B xB5=

7. 120 x 033 = 8. 264x38-=

9. N7 +007=__ 10. 0225 + 015 =




ASSIGNMENT SHEET #1

PART K: Converting fractions to percentages

? = _ 4. 3 = e
4 4
A 5 25
9 2

7 _

10 T

PART L: Percentage problems

1.

There are 100 bolts in a box. Twenty-five bolts are what percent of the bolls in the box?

it 11% of the students in a school are absent, what percent are present?

et e g o g,

There are 20 students in a class. Sixty per.ent of the students are boys. How many are
boys? _____ . e e+ e

One day 5% of the 20 operators in Mr. Moore's group made perfect time completing a
job. How many operators made perfect time? __ _

Contractor McGill bought a new compressor, regularly selling for $120. at a sale and
saved 20%%. What was the sale price? ____

e e i o S e 4 g — PO

PART M: Mix ratio problems

ok
-

Given 90 cu yd of aggregate. how much sand will you need to mix a 3.2 ratio of sand and
aggregate?

- e Cu yd oOf sand

You are 10 mix Ya" aggregate and k" aggregate 1o a ratio of 3:2. How miuch " aggre-
gate will you need if you have 150 cu yd of =" aggregate?

cu yd of Ya" aggregate

Given 300 gallons of asphalt concrete, mix asphall concrete and solvent 1o a ratio ot
75:25, How much solvent will you need?

- - @al of solvent
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. ASSIGNMENT SHEET #1

4.  The fuel mixture ratio of gasoline to two-cycle engine oil is 20:1 for your chain saw. How
much oil will you add to 5 gal of gas?

qt of oil

5. The ratio of an industrial strength cleaner in water is 6 parts cleaner to 100 parts water.
You estimate the job will take 15 gations of water. How much cleaner will you add?

gal cleaner

PART N: Slops ratio problems

1.  Find the siope ratio in feet and in inches. Convert distances to like terms where needed.
Round off {0 the nearest hundredth.

V = vertical distance

H

]

horizontal distance

DISTANCES RATIO (FEET) RATIO (INCHES) SLOPE RATIO

V=12#,H =241
H=1in,V=58in
H=5fV=005# .
V=1in,H =31t — _—
H=12ff,V=4in

® o 0 T P

2. Find the vertical distance.

SLOPE RATIO NHORIZONTAL DISTANCE VERTICAL DISTANCE
a. 3:1 24 #t ft
b, 14:1 224 in in

3. Find the horizontal distance.

SLOPE RATIO VERTICAL DISTANCE HORIZONTAL DISTANCE
a. 25:1 0.5 ft e e oo ft
b. 16:3 9in R ) ft
C. 40:1 4 ft ft




ASSIGNMENT SHEET #1

PART O: Measure and volume

1. Conversions. Round answers to nearest tenth,

a 48 in = ___ %
b 312 ft = - yd
C. Beuyd = ____ _  cuft
d Tsqyd = sgft
e 11 gal = qt

2. Basic formulas for areas and volumes

a. 24’ long, 18’ wide -— Surface area =

b. 13" wide, 2 2" long — Surface area =

o

7’ long, 2’ wide, 1* high — Volume =

d. 2" wide, 3" high, 2’ iong — Volume =

e. 4” jong. 2” wide, 2" high — Volume =

3. Word problems. Round off an: wers to the nearest tenth. Show your work.

a. One cubic yard of aggregate weighs 2,550 Ib. How many tons would 10 cubic
yards weigh?

(NOTE: 1 ton = 2,000 ib)

tons

b. What is the surface area of a faillure 2 ft 8 in by 1 ff 6 in?

sq it




ASSIGNMENT SHEET #1

How many cubic feet of concrete will be required to make a pavement patch 8
feet long, 7 feet wide and 6 inches deep?

cufi

How many square feet have to be painted on a building 20 feet long or each side
and 14 feet high if you paint all four sides? If a galion of paint covers 350 square
feet, how many gallons are required?

sqft gal of paint
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INTRODUCTION TO CIVIL DRAFTING
UNIT |

ASSIGNMENT SHEET #2 — INTERVIEW A CIVIL DRAFTER

Directions: Make an appointment with a civil drafter who is presently employed in that capac-
ity. Ask thr tollowing questions and record the answers in the blanks provided.

1. What is your career title? ___ e —

2. What tasks do you performonthejob? __

——— - - ettt e s bt -

w

What educatior.al training and occupational experience is rr quired for this job?

4. What personality traits are most important i your fieid? N -

——— - e e PRI

5. Whai skills and knowledge are required in this occupation? .

e i A e % = ¢ 4t e e = - g

6. What is the approximate starting salary of workers in your occupation?

s . e . - P— - . —— e+ —————

7. What is the employment outiook for the future in this career? __

CD- 69
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10.

ASSIGNMENT SHEET #2

What are the possibilities for advancement in this field?

What is your favorite part of this job?

What is your least favorite part of the job?
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¢ INTRODUCTION TO CIVIL DRAFTING
UNIT |

ASSIGNMENT SHEET #3 .- RESEARCH THE POSSIBLE EMPLOYMENT
OPPORTUNITIES IN CIVIL DRAFTING IN YOUR LOCAL AREA

1. tist the names of firms in your area that may employ civil drafters.

(NOTE: Include address and phone numbers for future reterence.)

FIRM ADDRESS PHONE #
—— . e e e & A e _— — ~— -~ - —— - ~ ..L___ —— L A A ——— e~ el
. SN U S —— . v S

2. Inquire at each of these firms it they employ civil drafters and if they wili be hiring in the
near future. It a firm is currently not hiring, ask how they go about filling openings
{(newspaper ads, job placement at your school, employnient agency, etc)

— e e e v e e ¢ b2 e ety e —
FIRM OPENINGS i HIRING PROCEDURE
———— —— -— OIS - ——
I S — e e e e o 7 S
— N U SO
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ASSIGNMENT SHEET #3

3. Make a list of Jocal. county. and state agencies that hue civil draftors.

l.__.._._..._____.__,___._ e Sl e
AGENCY ADDRESS

e A e o % e+ o ¢ e e —t . FS N A VS,

- . — e e a SN . - —m e NN

SN U

- s e —— — e - e - — — e

4. Find out what tederal agencies in your area hite civil map drallers.

AGENCY ADDRESS
o A Sl ¥ e Avrme m e L S e e e ol mem ma =er i 8 et N L L em s 4 s -...._...Nr.. ———— . e . —— e ———
P e — eme et imian i a e e e i - et a Ao b e A | At e i - S < A m m A & et et e o wte]
b e e R - - J S, _— e e et et}
it S SHSSR SNV A U
S T S — R ——— e o P s ot i e e m e Bm e o e e L m e ter e er——. ¢ o ot b+ ek et e
!
!
e e e s m A i e o bt oo s A rmt v onrr s e o v S e et o ie A wrm e e — - —— —_— _

5. Look in the major local paper and clip out any ads for civil drafiers. (Attaci. . is
assignment sheet )
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. ASSIGNMENT SHEET #3

6. Look in your local phone directory for any private consulting engineers and list below.

{NOTE: Many consuiting tirms hire civil drafters on a contract basis.)
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INTRODUCTION TO CIVIL DRAFTING
. UNIT §

ANSWERS TO ASSIGNMENT SHEETS

ANSE IR Mt #7

PART A
i 17
. iiy
3.
4, 157
5, 144
6 946
R 471
Q 1,299 howes

W s 7d4d Lyt

PART B

1. 27

2 1444
. 3 AU

4, 327

5 YoV

. .

7 7Y

o8 1499

AL T

W B0 o toet

PART C

—

234k

U

bRstdls!

40337

3677

4482

EEAFZ Reiy i

¢ B0

9 1TACRO8E pounda
10 4,732 cubic yards

& W N

-

P
e
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ANSWERS TO ASSIGNMENT SHEETS

PART D
1. 12
2. 2
3. 3
4. 3
b, 4
6. 12
7. 8
8. 124, R5Y
9. 381 miles
10. 151.2 days
PART E
1. a. L2 f. Bfo
b. R Q. 144
c. By h. Wi,
d. Y i "y
e. YL I s
2. a. 3 Y, {. L REE
b. 2 <l g. 14,
o o R h. 2 "Yap
d. 2l i, 17 -
0. 4 i. 1 %/
PART F
1. s 8. 3
2. s 7. s
3. “h 8. Yy
4. e, 9. il
5. 'y 10. Sy
PART G
1 a 9 2 a 24
b. & b, “Yeas
c. 'k C. HNifog
3. a 24 4. a. 56
b, s b. By
C. “lea C. 3ofng
d. Ya
5 a ib
b,
C. Y
d. s
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. ANSWERS TO ASSIGNMENT SHEETS

PART H

ST A DO N T U B LA

3
i 3
1 Yoa
‘r\ -ﬂ"a
14 13 n
15 8 ‘ia
PART {
1. L6
2. 1.02
3. 087
4. 7.083
h, 506
6. 378
7. Bhh
. 8 110625
9 7702
0. 12.667
PART J
1, 19.29
2. 18099
3. 3AH1.08
4, %247
5 7874
{1, 297 .5
7. 396
8. 100 32
9. 153
He 1.5
PART K
1. 20
2. 22.?‘“7k
3 ;Ut 4
4. 5t
5, 1002
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ANSWERS TO ASSIGNMENT SHEETS

PART L
1. 25,
2. 89v:
3 12
4, 1
) $06.00
PART M

1. 135 cu yd of sand

2. 225 cu yd ot 1" aggregate
3. 100 gal of solvent

4. 1 qtof oil

5 0.9 gal cleaner

PART N

1. RATIO {FEET) RATIO {INCHES) SLOPE RATIO
a. 24:12 e 21
b. e 15:5 31
C. 5:0.05 60:0.6 100.1
d. 3:0.08 36:1 36:1
e 12:0.33 144:4 36:1

2. A 8t
b 18 in

3. a 125 ft
b. 4 ft
c. 160 ¢

PART O

1.  a 4 fi
b. 104 yd
c. 216 cu ft
d. 63 sq ft
e. 44 gt

2. a 432 sq fi
b. 390 sq in
c. 14 cu ft
d. 432 cu in
e 4 cuin
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ANSWERS TO ASSIGNMENT SHEETS

3. a. 12.8 tons
b 4 s ft
£ Bouh

i, 1120 8qg M. 3.2 6o ¢ pamt

Ausmgrnment Sheets #2 and #3 - Evatuated (¢ the satistaction of the instructon




Match the terms on the right with the correct definitions.

—_——a
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INTRODUCTION TO CiViL DRAFTING

UNIT |

NAME

TEST

Sign:iying basic relationship to the earth
considered as a globe-shaped body; applies
to data based on the geoid and on the
spheroid

An optical instrument used for viewing two
properly related photographs or diagrams
simultaneously to obtain the impression of
a 3-dimensional object

A precise survey of considerable extent
which takes into account the shape of the
earth

Computer-aided drafting or design
An outline of a cross section of the earth

A drafter used to support civil engineering
with the preparation of technical materials

Graphic representation of the earths sur-
tace drawn to scale on a plane surface

United States Geological Survey

A person who has completed a minimum of
4 years of college and has specialized in
civil-related engineering

Determining and representing accurately on
paper the area of any portion of the earth’s
surface, the lengths and directions of the
bounding lines, and the contour of the sur-
face by taking linear and angular measure-
ments and by applying the principles of
geometry and trigonometry

W N

U

10.

. CAD

Cadastral map
Cartography
Civil drafter
Civil engineer
Civil engineering
Contour line
Elevation
Geodetic survey

Geographic



TEST

A device for measuring small areas by
mechanical integration

A discipline concerned with the design and
construction of various municipal and state
projects for the general public, such as
bridges, roads, dams, canals, and pipe lines

The configuration or shape of the land sur-
face of any area

The science of map making

An instrument for copying maps and draw-
ings at a predetermined reduction or
enlargement

A map showing the boundaries of subdivi-
sions of land, with bearings, lengths, and
areas of individual tracts, for purposes of
describing and recording ownerst ‘p

A line used to connect points on a land sur-
face that have the same elevation

titude or height above sea level

A view as seen from directly above the land

11.

12.

13.

14,

15.

16.

17.

8.

19.

Map
Pantogr..ph
Planimeter
Plan view
Profile
Stereoscope
Surveying
TJopography
US.GS.

Select from the following list the required skilis of a civil drafter by piacing an “X" in the
appropriate blanks.

CAD training

Computer proagramming training

Science skills up through physics

Recognition of map symbols and abbreviations



TEST

Basic drafting techniques in line work, tettering. and the use of tools and
equipment

SERIUR, 3

S, Math skilis up through trigonometry

SR+ R Public speakinn skills

S § Good communication skills

..... i. Drafting applications and calculations for basic su/veying
e Surveying skills

List four job responsibilities of a civil drafter.

a.

b. —

C. -

d. —

List three major employment opportunities for a civil drafter,

C. — —— —

Distinguish between organization structures for design teams in small and large firms
by piacing an X" next to the descriptions of smali firms.

! Communication is usually by word of mouth

b Usually have an organizational/standards manual which will inctude per-
sonnel policies and technical procedures

c. Have specific lines of authority and responsibility

——d. The drafter will have many different job responsibilities
e, Are able to specialize in a specific area of drafting or mapping
i. Usually have ten or fewer s.aff members

_g. Are less structured

CD- 83



TEST

6. List seven specialty areas for civil engineering firms.

a.

—————— et by —— b - [

b.

———————— . 2 = - PR

g.

7. Select from the following list the occupations related to civil drafting by placing an “X”
in the appropriate blanks. Select oniy those that a civil drafter would be able 1o move
into with minimal extra training.

A Surveyor's helper

e b Instrument surveyor's assistant

c. Map maker

——d. Surveyor

e. Topographic drafter

et Pipe drafter

—_—1 Civil engineer

S | B City engineer

—_ Civil engincering technician
J— Cartographic drafter
—_k Electronic drafter

1 Traffic technician
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. TEST

8. Identily the following major classes of maps.
(NOTE: Only partial maps are shown.)

SR

y ) \}‘.,xm}\'{{a'r

. .I\»&'aw Tieem.
N N N
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.

GO\
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b, L &

AT .
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. TEST

8. Match major classes of maps on the right with the correct characteristics.

(NOTE: Classes on the right may be used more than once.)

a. Are used primarily for showing political and 1. Geographic maps
civil boundaries, property lines, taxation,
and transfer of property; are considered 2. Topographic maps
legal documents
3. Cadastral maps
—.b. Use contour lines to show elevation; repre-
sent surface features of a region; large 4. Engineering maps
scale maps show all the natural features

down to smail streams and man-made fea- 5. Aerconautical charts
tures such as city streets, bridges, pipe-
lines, etc. 6. Hydrographic charts

——C. Show shorelines, water depths, information
about harbors, anchorage details, and ship-
ping approaches

o d. Show large area of land; are drawn to a
smail scale; only show major features such
' as rivers, lakes, and dots for cities

e. Examples are maps for railroad, highway,
canal, and hydroelectric construction, build-
ing site maps, landscape maps, dam and
resenvoir maps

4 US.G.S. maps in this class are always
bounded by meridians of longitude and Ioti-
tude

— Are drawn for reconnaissance, construc-
tion, or maintenance purposes; can show
more detail than topographic maps since
they are larger in scale

— . Show air traffic routes, racio and electronic
aids, obstructions, and cievations of high
points

——— Examples include plats of city additions,
mineral rights, and farm surveys
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TEST

Match typical drawings used in civil drawing on the right with the correct uses.

—Db.

g.

a.

Pravide the viewer a three-dimensional view
of the map area

Are views of the inside of the project cut
open at right angles to the survey centerline

Are drawings composed of a plan view and
profile view

Identify the project with a name and num-
ber, show location map of the project, and
give an index to all sheets in the plan set

Are enlarged drawings of an intersection of
several streets that come together; show all
pertinent information such as dimensions,
right-of-ways, center lines, and curve data

Are details that may show connections and
flow directions through the use of symbols,
lines, and dimensions

Provide a close up look at how a particular
structural component is made; shows mate-
rials, dimensions, and section where
needed

1.

Title sheets (key
maps)

Plan and profile

Typical cross sec-
tions

. Structural details

Pictorial drawl"gs
Schematic diagrams

Intersection details
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TEST

- ldentify the following drafting equipment used by civil drafiers.
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{(NOTE: li the foilowing activities have not been accomplished prior o the lest, ask your
instructor when they should be completed.)

12.  Take basic inaw. pretest. (Assignment Sheet #1)
i3. interview 2 civil drafter. (Assignment Sheet #2)
i4.

Research possible employment opportunities in civil drafting in your local area.
{Assignment Sheet #3)
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INTRODUCTION TO CIVIL DRAFTING
UNIT |

ANSWERS TO TEST

a 10 t, b
b. 16 m. 18
C. a n. 3
d. 1 o 12
0. 15 P. 2
f. 4 q. 7
Q. 11 I 8
h. 19 s 14
i, 5

i. 17

k. 13

adeiha

Any tour of the tollowing:

a. Prepare meps and plans

b Work with survey data

. Gather, organize, and record data

d Perform engineering calculations

0. Assist in the drafting and design of subdivisions, surface drainage systems,

major structures, water lreatment facilities, water distribution facdities. storm
sewer systoms, transporiation systems, end/or utihty tacilities
f{. Communicate etiectively

a. Private civil engineering and surveying firms
b. Local government agencies

c. Federal government agencies

ad.ig

Any seven of the following:

a. Land planning nd subdivision
b. Transportation

c Fiood control

a. irrigation and drainage

ol Sewage and water treatment

{ M unicipal improvements

g Environmental studies

h Land and construction surveys
i Construction inspection

) Refuse disposal

K. Map making

CD- 93



ANSWERS TO TEST

——

Power plants

m. Hydrologic studias

Foundation work and soil analysis
Agribusiness

Structural

Tes

7. abgeijl

8 a Topographic
b. Engineering
C. Geographic
d. Cadastral
9 a 3
b. 2
C. 6
d. 1
e. 4
f. 2
g. 4
h. 5
i. 3
10. a 5
b3 o
T, 2
d. 1
e 7
f. 6
a. A
11 a Scribing too}
b. Ship curves
C. Stereoviewer
d. Flexible curve rule
. Beam compass
f. Planimeters
Q. Spacing divider
h. Ma7n measures
i Kern dotting pen and wheel
i Pantograph

12.-14.  Evaluated 1o the satisfaction of the instructor




MAP SCALES AND MEASUREMENT
UNIT Ii

UNIT OBJECTIVE

After completion of this unit, the student should be able to read and match different map
scales with different classifications of maps, identify standard scale ratios used on topo-
graphic quadrangle maps, measure with a civil engineer’s scaie, and read & vernier scale.
Competencies will be demonstrated by correctly completing the assignment sheets and by
scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student shouid be able to:

1.

2.

10.

Match terms related to map scales and measurement with the correct definitions.
Complete a chart of standard measures and their equivalents.

Seiect true statements concerning characteristics of map scales.

List the three ways map scales are expressed.

Match the ranges of map scales with the appropriate map scale classifications.
List factors affecting the selection of a map scale.

Match types of maps with their common scales.

Select characteristics o. : quadrangie scale.

Match quadrangle scales commoniy used on U.S.G.S. topographic maps with thelr
one inch equivaiencies.

Select true statements concerning characteristics of graphic scales.

" N
RN

CD- 85



1.
12.
13.
14.

15.

OBJECTIVE SHEET

Select true statements concerning published map accuracy standards.
Match types of scales used in civil drafting with the correct descriptions.
Convert a representative fraction to a graphic scale. {Assignment Shoet #1)
Read a vernier scale. (Assignment Sheet #2)

Measure with a civil engineer’s scale. (Assignment Shest #3)



H.

MAP SCALES AND MEASUREMENT
UNIT I

SUGGESTED ACTIVITIES

Obtain additional materials andior invite resource people 1o class ‘o supplementirem-
torce intormation provided in this unit of instruction.

{(NOTE: This activity should be completed prior to the teaching of this unit)

Make transparencies from the transparency masters inciuded with this unit

Provide students with abjective sheet.

Discuss unit and specific objectives.

Provide students with information and assignment sheels.

Discuss information and assignment sheets.

{(NOTE: Use the transparencies 1o enhance the information as needed )

Integrate the following activities throughout the teaching of this unit:

1.

[0 ]

Develop a display of ditferen! scale topugraphic maps.

Have a speaker from a civil engmeenng otfice come in 1o tiscuss the importance
of accuracy.

Review the scale units in MAVCC's Basic Drafting. Book |,
Use the tests from MAVCC's Busic Dratling, Book | scale units as a pretest

Obtain additional pamphiels. brochures, and other matenal dealing with map
scales and measurement from the U.S.G.S. at the following address:

National Cartographic Information Center
U.S. Geological Survey

507 National Center

Reston, Virginia 22092

Telephone: 703/860-6045

Meet individually with students to evaluate their progress through this unit of
instruction. and indicate to them possible areas for improvement.

Give test,

Evaluate tost.

Reteach it necessary
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Obijective sheet
Information sheet
Transparency masters
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2. T™M 2 — Quadrangie Map Scales, Sizes. and Areas
3. TM 3 — Graphic Scales
4. TM 4 — Appilication of Metric Scales
Assignment sheets
1. Assignment Sheet #1 —— Convert a Representative Fraction to a Graphic Scale
2. Assignment Sheel #2 - Read a Vernier Scale
3.  Assignment Sheet #3 -~ Measure with a Civil Engineer's Scale
Answers 10 assignment sheets
Test
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MAP SCALES AND MEASUREMENT
UNIT I

INFORMATION SHEET

Terms and definitions

A

o

™

Accuracy — The Jder ree of contormity of a measured or a calculated value
to some recognized siandard or specified value

Deviation — Variation from a specified dimension or design requirement,
usually detining upper and lower limits

Full-divided scale — A scale with the basic units subdivided throughout the
length of the scale

Graduations — The subdivisions in a scale unit, all of which are equal in
size or length

Heclare — 2.471 acres
Meter (m) — The metric system standard for linear measurement

Metric system — A decimal system of *.eighrs and measures based on the
meter and the kilogram

Neutral scale — A scale expressed as a fraction or a ratio

rominal — Describes a value assigned for the purpose of convenient des-
ignation; existing in name only

NTS — Abbreviation meaning "not-to-scaie”

Open-divided scale — A scale with only the end unit subdivided into frac-
tional parts

Precision — The degree of mutual agreement between individual measure-
ments, namely repeatability and reproducibifity

Representative fraction (RF) — A simple ratio or fraction
Example:  1:24,000 or 1/24,000

Scale — An instrument used as a standard of reference when drawing an
object to a proportional size

Scaie rat.o — A relationship between dimensional values used to reduce or
enfarge the size of an object so that it can be drawn proportionally

Signitficant digit -- Any numeral that is necessary to detine a value or quan-
tity

CD- 101



102

i

i,

INFORMATION SHEET

Q. Tolerance — The total range of variation (usually bilateral) permitted for
size, position, or other requi.ed cuantity

R. U.S. customary units ~ Unils hased upon the yard and the pound com-
monly used in the United States

Stardard measures and equivalents

T N e e e e e 1 54 ¢y o A——— A o o 2 e+ A Tne 1 oo = P e e — e v

1 mile = 1760 yards = 5280 feet = 1.6093 Kri = 8 turlongs = 80 chains

1 yard = 3 feet = 36 inches = 0.9144 meter

1 fool = 12 inches = 0.3046 meter

1inch = 254 centimeters

1 rod (aiso called pole or perch) = 55 yards = 165 feet = 0.5029 decameter

1 turlong = 10 chains = 220 yards

1 cha'n = 4 rods = 22 yards = 66 feet = 130 links = 2.0116 decameters
1 link = 7,92 inches

1 square mile = 6840 acres = 6400 sq. chains

1 acre = 10 sq. chains = 3840 sq. yards = 43,560 sq, feet

Ay acre is equal 1o a square, one side of which is 208.7 feet

T mitlimeter (mm) = 0.0393 inch

1. millimeters (mm) = 1 centimeter (cm) = .3937 inch

10 centimeters = 1 decimeter {dm) = 3.9370 iach

10 decimeters = 1 meter (m) = 39.3707 inches = 3.2808 feel = 1.0936 yards
10 meters = 1 decameter (Dm) = 32.8089 feet

10 decameters = 1 hectometer (Hm) = 19.9278 rods

10 hectometers = 1 kilometer (Km) = 1093.61 yaids = 0.6213 miles

10 kilometars = 1 myriameter (Mm) = 6.2138 miles

o e o~ oot (4 il b e e et AR 2§ gt b B o an £ e} e+ 5 e+ e & e oo e 3 . e ————————— o e

Characteristics ¢! map scales

A Map scale is the relationship between a distance on a rnap and the corres-
ponding distance on the ground.

B. A map scale expressed as 1:24,000 means that one unit of measurement on
the map represents 24,000 of the same units on the earth's surface. If the
unit is an inch, then 1 inch on the map equals 24.000 inches on the ground.

C. The first number (map distance) is ailways 1. The second number {ground
distance) difters for each scaie.

D. The lzrger the second number, the smaller the scale of the map.

Exampics 1:125,000 map is a smaller scale map than a map with a map
scale of 1:100,000.

1:63,360 map ... a smaller scale map thap a ma2 with a map
sceale ot 6l 500,

@ .
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. INFORMATION SHEET

IV.  Ways may scales are expressed
A, By ratio or representative fraction
Example: 1:24,000 or 1/24,000
B. By equivalence
Example: 1inch = 200 feet
C. Graphically

Examples:
0 10 20 30 feat
o™ o™ 0 ™ e— S s

SCALE: 1"=10FT
i

SCALE 1:24,000
V. e -'; e ; ” . S - “.“i”f

[§14)

we . 8 w2y e A U800 ke 00 TEET
. V.  Ranges of map scales

A Large scale maps — 1in = 100 ft (1:1200) or larger

B. MediL m scale maps — 1in = 100 to 1000 ft (1:1200 to 1:12,000)
C. Small scale maps — 1in = 1000 ft (1:12,000 or smailer)

VL.  Factors affecting the selection of a map scale

Size and character of the area to be shown

The form that the map is to be presented in

Purpose of the map

Cost of preparction and length of service (sometimes a consideration)

mo o ®m »

Required precision
V. Common types of maps and comresponding map scales

A Geographic maps — Scales vary from a few miles to the inch {0 several
hundred miles to the inch

B. Topographic maps (Transparency 1)
1. Maps drawn &t farger scales such as 1:24,000

a. Provide detailed information about the natural and man-made
. teatures of an area
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INFORMATIOM SHEET
b. Are commonly used for highly developed areas in order to
show more detail
2. Maps drawn at smaller scales such as 1:125.000
a. Can only show major features of an area

b. Can be used for more sparsely settied regions because there
are not as many details to be shown

c. Allow large areas to be shown on a single map sheet.

C. Cadastral mans — Drawn at a scale usually greater than 6 inches to one
mile which is necessary to obtain the required accuracy.

D. Engineering maps — Scales normally range from 17 = 20 {t. to 1” = 400 #.
Viil.  Characteristics of # quadrangle scale {Transparency 2)
A. Measures a standard four-sided area {quadrangle;)
B Bounded b’f lines of jongitude and iatitude
C. Set by the Linited States Geologic Suvey
B Most U.S. topographic maps cover 7.5 minutes of latitude and 7.5 minuies
of longitude, and are commonly called “7.5minute quadrangie” maps.

These maps are drawn at a 1:24,000 scale.

IX.  Quadrangle scales commonly used on U.8.G.S. topographic maps

Scale 1 inch equals )
1:20,000 Approximately 1,667 feet
1:24,000 Exactly 2,000 feet
1:30,000 Exactly 2,500 feet
1:31,680 Exactly /2 mile
1:62,500 Approximately 1 mile
1:63,360 Exactly 1 mile
1:125,000 Approximately 2 miles
1:250,000 Approximately 4 miles
1:1,000,000 Approximately 16 miles
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INFORMATION SHEET

Characteristics of graphic scales (Transparency 3)

A

Are like small rulers that measure distances on a map

(NOTE: A portion of a map can be measured by gauging the distance with
dividers, then comparing it to the graphic scale.)

Consist of a bar drawn at the same scale as the map
Begin at zero
1.  Whole units are subdivided to the right of the zero.
2. Smaller subdivisions of a whole unit are to the left of the zero.

Are used anytime that a map may become subject to reduction, enlarge-
ment, or reproduction for use in reports

Are more Often used on topographic maps

Are usually located in the margins or near the north arrow or legend of the
map

Published map accuracy standards

A.

B.

Horizontal accuracy

1. On maps with scales larger than 1:20,000, not more than 10 percent
of the points tested shall be in error by more than 30 inch.

2. On maps with scales of 1:20,000 or smalier, the error factor is 'so
inch {0.05 centimeters).

3.  These limits of accuracy apply in all cases to positions of well-
defined points that are easily visible or recoverable on the ground
such as monuments, intersections of roads, or railroads,

(NOTE  he well-defined point will be determined by what is piottable
on the scsle of the map within Y0 inch.)

\ertical accuracy

1.  Oncontour maps (all publication scales), not more than 10 percent of
the elevations tested shall be in error more than one-haif the contour
interval.

Example: f a map's contour interval is 10 #, the mar; will correctly
piace 90 percent of ail points tcsted within § feet (1.5
meters) of actual elevation.

{

CD- 105



106

XH.

INFORMATION SHEET

2. Inchecking elevations, the apparent vertical error may be decreased
by assuming a horizontal displacement within the permissable hori-
zontal error for a map of that scale.

Published maps meeting these accuracy requirements must state in the
legend “This map comptlies with National Map Accuracy Standards.”

if a map is an enlargement of a published map, this fact should be stated in
the legend, such as “This map is an enlargement of a 1:20,000-scale map
drawing” or “This map is an enlargement of a 1:24,000-scale published
map.”

(NOTE: Individual engineering firms will have their standards of accuracy. A
drafter needs to become familiar with these standards.)

Scales used in civil drafting

(NOTE: Refer to MAVCC's Basic Drafting, Book | for an in-depth coverage of the
architect's scale, civil engineer’s scale, and metric scale. This unit serves to act as
a review of these three scales.)

A.

Architect’s scale — Used primarily for drawings of buildings, piping sys-
tems, and other large structures which must be drawn to a reduced scale to
fit on a standard sheet size. Only occasionally used for civil work. Has one
full-size scale and ten reduced-size scales.

Civil engineer's scale — Used for civil engineering work. Graduated in units
of one inch divided into 10, 20, 30, 40, 50, and 60 parts.

{NOTE: This is the preferred scale for civil work.)
Metric scale — Used primarily when the International System of Units (S

metric method of measurement is in use. Graduated in millimeters, and
uses scale ratios of 1:1, 1:2, 1:5, and 1:25. (Transparency 4)



Comparison of Topographic Map Scales
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SCALE 1125000 SCALE 162500 sCcALE 1:24,000

Contour Interval 40 feet Contour Interval 40 feet

1 Mile
4110 Mile
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o e

Contour Interval 40 feet
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Quadrangle Map Scales, Sizes, and Areas

1 inch represents 1 centimeter Size (latitude Area
Series Scale approximately represents x longitude (square miles)
Puerto Rico 7.5 minute 1:20,000 1,667 feet 200 meters 7.5 x 7.5 min. 71
7.5minute 1:24,000 2,000 feet {exact) 240 meters 7.5 x 7.5 min. 4910 70
7.5 x 15-minute 125,000 2,083 feet 250 meters 7.5 x 15 min. 98 to 140
USGS/DMA 15minute 1:50,000 4,166 feet 500 meteis 15 x 15 min. 197 to 282
15-minute 1:62,500 1 mile 625 meters 15 x 15 min. 197 to 282
Alaska 1:63,360 1:63,360 1 mile (exact) 633.6 meters 15 x 20 to 36 min} 207 to 281
County 1:50,000 1:50,000 4,166 {eet 500 meters County area Varies
County 1:100,000 1:100,000 1.6 miles 1 kilometer County ama Varies
30 x 60-minute 1:100,000 1.6 miles 1 kilometer 30 x 60 min. 1,568 {0 2,240
U.S. 1:250,000 1:250,000 4 miles 2.5 kilometers 1* x 2°or 3° 4,580 to 8,669
Antarctica 1:250,000 1:250,000 4 miles 2.5 kilometers 1° x 3°10 15° 4,089 to 8,336
Antarctica 1:500,000 1:500,000 8 miles 5 kilometers 2° x 7.5° 28,174 to 30,462
State maps 1:500,000 8 miles 5 kilometers State area Varies
U.S. 1:1,000,000 1:1,000,000 16 miles 10 kilometers 4° x B¢ 73,734 'u 102,759
U.8. Sectionatl 1:2,000,000 32 miles 20 kilometers State groups Varies

€0l -0
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® Graphic Scales

10 X 30 40

0
RRENRA! | |

SCALE: 1°=10’

0 50 100 150 200 250

B S —
SCALE: 17=500'

MILE SCALE 1:82,500

1 2 0 1 2 3 MILES
HBHHHHHG i = —

1:62.500

FOOT SCALE  1:24,000

. i l 1 | l ) l |

1000 0 5000
1:24,000

Sample Scales

ROAD

|
| [ 2o X

PAPER STRIP J

1mi 8 6 4 2 0 1 2mi
_lx‘[ L.L L‘Lll I_l L !

f |
A PAPERSTRIP

. Measuring with a Graphic Scale




Application of Metric Scales
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Metric
mm:mm

Application

——

Shws
o

RS NS 8 S B T S G Y
» "

N
(&

1:33 13

1.75
1:100
1:200

1:500
1:1250
1:2500
1:10,000
1:50,000

——— Machine drawings

+—— Architectural construction details

]

Architectural plans and elevations
Architectural plot pians

-

—— Maps (civil drawings)

L o ]
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. MAP SCALES AND MEASUREMENT
UNIT §l

ASSIGNMENT SHEET #1 — CONVERT A REPRESENTATIVE FRACTION
TO A GRAPHIC SCALE

Map scales are often given in a ratio such as 1:24,000. In order to show a graphic scale, it is
necessary to convert the ratio scale (RF scale) to a graphic scale for display on the map. An
example of the conversion process foliows.

{(NOTE: Transparency 2 g..=$ the common maps scales and their equivalents for future refer-
ence.)

Example; Given: RF scale 1:62,500
(NOTE: Remember 1 equals 1” on the map and 62,500 equais 62,500” on the eaith's surface.)
Step 1 — Determine how many mi.es are represented by 62,500 inches.

{63,360 inches = 1 mile)
Divide 62,500 by 63,360 to determine the miles.

62,500

T =9 iles
. 83,350 8 mile

(NOTE: This is not a practical scale to create a graphic scale)

Step It — Determine how many inches are used to show any even numbers than the .98 miles
previously determined. Let's use 2 miles.

.98 - 2 miles
1in. X {unknown no. of inches)

{(NOTE: Use cross-multiplication to establish this algebraic formula.)

.08 2

X =
X = 204"

In 2.04 inches we have 2 miles.
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ASSIGNMENT SHEET #1

Step Wl — Lay off a graphic scale using the above information.

Equais 2.04 inches

—

Subdivide into ten equal divisions

Assignment:
Given: 1:300,000 RF scale
Directions: 1) Convert the RF scale into a figure usable for a graphic scale.
2) Craw the graphic scale for this RF scale.
Step I

= miles

Step iI: Use 10 miles

_ 10 miles

P PR

1in. X

Step Hi: Draw the graphic scale here.




MAP SCALES AND MEASUREMENT
UNIT i

ASSIGNMENT SHEET #2 — READ A VERNIER SCALE

CD- 117

Vernier scales are found on some drafting machines. These are quite common in the civil

drafting area. Follow the steps below to read a vernier scaie,

Step | — Study the vernier scale (Figure 1)

(NOTE: Several types of verniers are available, Determine what type yours is before attempting

to read it.)
FIGURE 1

Direct or single veiniers
{read in only one direction)

/" Vernigr Scale

e —— et

SERRRRRRRE W‘H Y ’;i';'* it x'ﬂ:rrrp DT TT]‘T‘(

2 3 4w 5
)

e e

- Primary Scale

O

I RRENEE }I ARRERRN T’I'T'T"ST{T'YJ

4 5

{H { ERRRRER !

2

Doubie verniers
{read either clockwise or counterclockwise)

Vernier Scale
3 W

3 20 \.r
¢ A 5
M~ 01\ AN
p e ! i i ¢ \ C RN
[ ‘v»~?’ o, { A l..r:r‘\“-".\. A}
A } et T L
i . ! -7.\“'%‘;"?,";‘,‘ f‘r‘"}""": 5 b \ \ N \“
/ COPTTTTTTR
A NG
) -—- Primary Scale
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ASSIGNMENT SHEET #2

Step II. Fiead the arrow which indicates the nearest fui/ division. Example 1 reads 2,

Step lll: Moving from left 10 right on the vernier scale, find a line that lines up with another
line; in this case it is .6. This reading is 2.6,

Example 1;
0 5 1.0
1t
{1!?11?!!1}TI I}IITTWT
0 5 10 15 20

Example 2. Moving from left to right, the arrow indicates 0. The .4 lines up with a line below.
The reading is 0.4.

l 0 5 10

b b |

]HHH}H! o ?I P T T ?{ F??/

0 1 2 3

i

Assignment directions: Read the veinie scales belr v, and record your answers in the blanks
below.
A Answer —
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ASSIGNMENT SHEET #2

C. Answer

. . . f
Y!I!'I!LXIWlL

25

D. Answer

}IIIJIJJJJJ |
flith]XfW i{(tll‘Wlffw I?
E, Answer

LJ!LJI[

11t _
}[HH!HJH{U!H Htt{ilfg
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MAP SCALES AND MEASUREMENT
UNIT 1l

ASSIGNMENT SHEET #3 — MEASURE WITH A
CIVIL ENGINEER’S SCALE

Directions: Use a civil engineer's scale to measure the lines A through F to the scale ratio

heading each column in the table. Place the scale readings in the appropriate spaces in the
table.

Example: Ona 1” = 10" scale ratio, line A would be 44" long; this figure should be lettered
under the 17 = 10’ column opposite letter A.

do

L

L

m m o o - >

e o T T T T

il

LINE  17=10° 17=20" 1"=300" 17=40' 17=500" 1"=80" 1"=10 MILES
A 449’

B
C
D

T

7
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MAFP SCALES AND MEASUREMENT
. UNIT Hi

ANSWERS TO ASSIGNMENT SHEETS

Assigniment Sheet #1
Step | — 4.73 miles
Step -~ 2,11 inches
Step 1 -— Evaluateo to the satisfaction ot the instructor

Assignment Sheet #2

8 43.2

O

279
D. 11.0
’ E. 23.8
Assignment Sheet 43
*ME 1"—10’ 1 »20' 1"=300" 1'240’ 5()0‘ 1" 60° 1"~10 MlLEb

D e S e R S

74’ 11 10’ 148’ 1850" 222° 37 miles

e m et e e 4_1|.., B S ...,]} e — 8

YT T T Rl e T I i S
44’ g 88’ 1320' 1767 2200' 26{” 44 miles
o
|
-

Yy

|
j ¢l ar 62" Qa0 124" 1550° 186" | 31miles |
; e e e e ._,-_.__2
|

|

|

i

42 84’ 12607 168’ 2100’ 252" | 42miles

}

}

i

’

1
s
1

}

¢

V

'
.

|

!

¥

b

e e e s e }
48’ 600' 72’ 12 miles

m
X
[»S B
N
%
=

- -.1}. ...... —_— s ¢ rmmre wnan = s e s o— et e e e P IR B e a  e— e o——— e % —— o

120 | 1500

-
' |
{ s
o S RS SN OV S

180’ j 30 miles

!
}
~ L. e e -

P,




Match the ierms on the right with the correct definitions.

a.
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MAP SCALES AND MEASUREMENT

UNIT i

NAME

TEST

The degree of mutual agreement between
individual measurements, namealy repeat-
ability and reproducibility

The degree of conformity of a measured or.
calculated value to some recognized stand-
ard or specified value

A scale expressed as a fraction or a ratio

Any numeral that is necessary to define a
vaiue or quantity

Abbreviation meaning "not-to-scale”

A simple ratio or fraction

An instrument used as a standard of refer
ence when drawing an object to a propor-

tional size

A scale with only the end unit subdivided
into fractional parts

A scale with the basic units subdivided
throughout the length of the scale

A decimal system of weights and measures
based on the meter and the kilogram

A relationship between dimensional values
used 1o reduce or enlarge the size of an
object so that it can be drawn proportionally

Units based upon the yard and the pound
commonly used in the United States

The metric system standard for linear mea-
surement

10

11,

12.

. Accy acy

Deviation
Full-divided scale
Graduations
Hectare

Meter

Metric system
Neutral scale
Nominal

NTS

Open-divived scale

Precision

. Representative frac-

tion
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TEST
L, 2.471 acres 14. Scale
RS « } Variation from a specified dimension or  15. Scale ratio
design requirement, usually defining upper
and icwer jimits 16. Significant digit

P Describes a value assigned for the purpose  17. Tolerance
ot convenient designation; existing in name
only 18. U.8. customary units

— Q. The total range of variation permitied for
size, position, or other required quantity

o The subdivisions in a scale unit, all o! which
are equal in size or length

2. Co.nplete the following chart of standard measures and their equivalents,

a, 1 mile = _ - feet = __ _ chains
b. tinch=________ . ___ centimeters

c. 1rod = yards

d. Tfurlong= _________ _ chains

e. tchain=___ . __ _ rods = . links
f. ichain=______  __vyards = __ ____ _ _ teet
g. isquaremile = ___ _____ _ acres

h. tacre = __ . sQ.chains

i Tcentimeter = _______ _ millimeters

i 1 meter = - _yards

3. Select the following true statements concerning map scales by placing an “X" next to
the true statements.

Map scale is the relationship between a distance on a map and the corres-
ponding distance on the ground.

o b. A map scale expressed as 1:50,000 means that one unit of measurement
on the map represents 50,000 of the same units on the earth's surface.

R - The first number {map distance} is always 1. The second number (ground
distance) differs for each scaie.

.d. The larger the second number, the larger the scale of the map.
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o TEST

4. List the three ways maps scales are expressed.

al

b.

C.

5. Match the ranges of map scales on the right with the appropriate map scale ciassifica-

tions.

a. Smalil scale maps 1. 1in = 1000 ft
—_—b. Medium scale maps 2. 1in =100

c. Large scaie maps 3. 1in= 10010 1000 fi

6. Lisl three factors affecting the selection of a map scale.

a

b.

o .

7. Match types of maps with their common scales.

a. Normaly range from 17 = 20 ft. to 1" = 400 1. Cadastral maps
ft.

2. Engineering maps
—_bhb Usually greater than 6 inches to one mile
which is necessary to obtain required accu- 3. Geographic maps
racy
4. Topographic maps
c Vary from a few miles to an inch to several
hundred miies to the inch

4. Depenaing upon degree of development in
the region, can vary from smaller scales
such as 1:125,000 to larger scales such as
1:24,000
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10.

TEST

Select characteristics of a quadrangle scale by placing an “X" in the appropriate

bianks.

—— -

Set by the Department of Commerce

Set by the Bureau of Land Management
Set by the United States Geologic Survey
Measures a standard four-sided area
Measures irregular areas

Bounded by lines of longitude and latitude

Mos! U.S. topographic maps cover 15 minutes latitude and longitud~ and
are drawn at 1:62,500 quadrangle scale

Match quadrangle scales commonly used on U.3.G.S. topographic maps listed on the
right with their one inch equivalents.

1 inch equals Scales
Exactly /2 mile 1. 1:20,000
Exactly 2,000 feet
Exactiy 1 mile

Exactly 2,500 feet
Approximately 1 mile
Approximately 16 miles
Approximately 1,667 feet
Approxim ately 4 miles

Approximately 2 miles

Select frue statements concerning characteristics of graphic scales by placing an X"
in the appropriate blanks.

a,

b.

c.

Are like small rulers that measure distances on a map
Consist of a bar drawn at the same scale as the map

Begin at 50’
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12.
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TEST

g Are used any time that 2 map may bocome suhiect to reduction, enlarge-
ment, or reproduction tor nxe in reports

e. Are most often used on engineering maps
—f Are usually tocated in the marging of near the north arrow or legend of the
map

Select true statements concerning publichedt map accewacy standards by placing an
X" in the appropriate blanks.

a. On maps with scales farger than 1:20,000. not more than 25 percent of the
points tested shall be in error by more than *ae inch

b. On maps with scales latger than 1-20,000, not mote than 10 percent of the
poinis tested shall be in enor by more than ' inch

c. On maps with scales of 120,000 or smaller, the error factor is Yso inch
d. On maps with scales or 1:20.:00 or smaller, the error factor is 'so inch
e. These limits of accuracy apply i all cases to positions of well-defined

points that are easily visible o1 recoverabie on the ground such as monu-
ments, intersections of roads. v ratlroads

f. On contour maps (ai publication scales), not more than 1 percent of the
elevations tested shall be in error more than cne-half the contours interval

—_—0. On contour maps {al publication scales), not more than 5 percent of the
elevations tested choil b m enor more than one half the contours interval

_h On contour maps (alt publicaticn scates), not more than 10 percent of the
elevations tested shall be in entor more than one-half the contours interval

Match types of scales used in civil deatting o the right with the correct descriptions.
Y

a. Used primarily for drawings of buildings, 1. Civil engineer's scale
piping sysiems, and other large structures
which must be drawri to a reduced cocale {o 2. Metric scale
fit on a standard sheet size. Only oceasion
ally used for civil work Han onc tullsim 3. Architect’s scale
scale and ten reduced sirze scales,

—b Used for civil engineenng work Gradimaicd
in units of one inch divided nto 1), 20, 30,
40, 50, and C) paris.

c. Used primarily when the ftemationat Gy«
tem of Units (Sh metric method of measure
ment is in use. Graduated in muliimetnrs and
uses scale ratios of 11, 1.2, €5 and .26
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TEST .

(NOTE: 1f the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

13, Convert a representative fraction 1o a graphic scale. {Assignment Sheet #1)

14, Read a vernier scala. {Assignment Sheet #2)

15, Measure with a civil engineer’s scale. {Assignment Sheet #3)




MAP SCALES AND MEASUREMENT
UNIT I

ANSWERS TO TESY

a. 12 h. 11 0. 2
h. 1 i. 3 p 8
C. 8 i 7 {q. 1/
d. 16 k. 15 I 4
e. 10 i 18

1. 13 m. 6

g. 14 n. 5

a. 5280 feel. 80 chains

b. 2.54 centineters

C. 5.3 yards

d. 10 ¢chainsg

£, 4 rods, 100 links

f. 22 yards. 66 fect

g. 640 acres

h. 10 sq. chains

i 10 mitlimeters

j- 1 0938 yards {answer may be rounded
a .o

a. By ratio or representative fragtion

b 3y equivalence

o Graphically

1y 1

b. 3

o ?

Any thrae of the following:

a. Size and character of the arca to be shown
h. The form that the mep is to be presenied in
C. Purpose of the map

. Cost of preparation and length of service (semetimes & consideration
0. Required precision

a. 2

b. 1

C. 3

d. 4

c.d.f
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10.

11

12.

13..15.

ANS'WERS TO TEST

a. 4 f. 9
b. 2 g. 1
C. 6 h. 8
a} 3 i 7
€. 4]

ab.ad.f

bo.eh

a 3

b. 1

c 2

Evaluated to the satisfaction of the instructor

13/



STANDARD SYMBOLS AND ABBREVIATIONS

UNIT 1l

UNIT OBJECTIVE

After completion of this unit, the student should be abie to identify symbois used in drafting,
state abbreviations for words commonly used in civil drafting, and identify welding, structural
material, and pips symbols. Competencies will be demonstrated by correctly completing the
assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After compiletion of this unit, the student shouid be able to:

1.

| o

Match terms related to standard symbois and abbreviations with the correct defi-
nitions.

List common types of symbols used in civil drafting.
State abbreviations for words commonly used in civil drafting.

Select true statements concerning factors that determine when an abbreviation
should be used.

State two purposes of symbols on maps.

Identify U.S.G.S. topographic map symbols,
Identify other conventional topographic symbols.
identify boundary. fence, and track tixture symbols.
Match civil symbols with the correci meanings.
identify utility and service symbols.

;:s ~
. LIS

-

CD- 133
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1.

12,

13.

14.

15.

16.

17.

18.

19.

OBJECTIVE SHEET

Match hydrographic and navigation symbols with the correct meanings.
Match geological structure symbois with the correct meanings.

Complete a chart of oil and gas symbols and their meanings.

Draw examples of north arrow symbols.

Select true statements concerning general ruies for drawing map symbcls.
List :nethods used in drawing symbols.

Meich color codes with corresponding map symbols.

identity common material symbols used in structural and architectural drawings.
Complete o char! of standard symbols for pipe fittings.

identify common welding symbols.

Set up a map legend. (Assignment Sheet #1)

Locate and identify symbols and features on a U.S.G.S. map. (Assignment Sheet
#2)
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STANDARD SYMBOLS AND ABBREVIATIONS
UNIT it

SUGGESTED ACTIVITIES
Obtain addiional matern@als ampor invite 1esow ce peeple 10 alass 10 supplemeniaein
torce information providedd in this unst of nstruction.
INOTE: This activity should be comploted pnor 1o 1ne teaching of this unit)
Mahke a transpatency from the ansparenty master included with this gt
Provide students with objective sheet
Discuss unt and specilic obpctives,
Provide students withuinfornmation and assignment sheets
Oiscuss information and assignment sheets,
INOTE. Use the transparency to cnhance the informatien as needed s
integrate the tollowing activities throughout the teaching ot this unit:

1. Reter to MAVCC'S Pipe Drafting, Unit VI for more medepth information on pipe
drattmg ~ymibols,

N Reter 1o MAVOCs Mechamiea! Driting, Uost VI o aone i depth miormation on
witlding symbuols

foUve g lopographnG map of vour focal ana to ocate speciic symibois used on the
f’;d"

3 e futore units of s boohk e the student ind e abbreviations or symbots for
e terms and defuations of cach amt Thic can be used i an assignment shect,

A Using vendor catalogs, 1ok up the templates tnat can be used in civil drafting List
vendor, template aame, rumber. and scale

G Dady hst a symbol or abbreviation on the ehadhboard A Dave onm iais of Comn
test on determining the correct feature of fabsl these stand for

7. Hefer to ANSH standards Y145 10 roview with students the standard e conven
tions for dralling.

#. Meet sedividually with students (o evatuate ther progress through this unit of
wstrye aon, and indicate (o them posaible areat for unpsovement

Oave fost
Evisluate ot

Reteach o necosaa.
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CONTENTS O THIS UNIT

Obicctive sheet
information sheet
Transparency Master 1. Parts of a Welding Symboi

Assignment sheels

1. Assignment Sheet #1 -~ Set Up a Map Legend

2. Assignment Sheet #2 — Locate and Identify Symbols and Features on a US.G.S,
Map

Answers 10 as<.gnment shoets
Test

# ors 1o test
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SUGGESTED SUPPLEMENTAL MATERIALS

Souwrces for standardized symbols

A

8.

Federal Board of Survey and Maps

Nationai Oceanic and Atmosphoric Admipisitation (formery US Coast and Geodetic
Survey!

U.S. Geological Survey
U.8. Forest Service

Defense Mapping Agency (DMA)

L 137
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STANDARD SYMBOLS AND ABBREVIATIONS
UNIT 1l

INFORMATION SHEET

Terms and definitions
A, Boundary — A line of demarcation between adjoining parceis of iang

B. Cultura! features — Man-made features such as raifroads, bridges, roads,
and public utilities

C. Geological — The structure and compaosition of the earth’s crust

D. Hydrographic features — Features along the shore and the submerged
parts of bodies of water

E Legend — A description, explanation, table of symbols, and other informa-
tion which is printed on a map or chart for better understanding and inter-
pretation

(NOTE: The legend includes only those symbols that need an explanation. if
a sgmbol is labeled on the map, it does not need 1o be included in the leg-
end.)

F Map scale — The relationship existing between a distance on a map and
the corresponding distance on the earth

G. Natural land features — Features on a map such as lakes, streams, terrain,
and vegetation

H. Navigation — Method of charting waters which affords a channel! for useful
commerce or travel

. Planimetry — Showing the details of a map in plan view {generally culture
and water feaiures)

J. Symbol — A diagram, design, letter, or abbreviation which by convention or
reference to a legend is understood to represent a specific characteristic or
object

Types of symbols commonly used in civil drafting

Map symbols

Drawing symbols (ANSI standards for types of lings)
Labels in the form of abbreviations

Pipe symbols

Weldment symbols (types of welds)

Utility symbols

Material symbols

I e Mmoo ® P

Oit and gas symbols



INFORMATION SHEET

Abbreviations of commonly used words in civil drafting

(NOTE: These are used on maps and drawings as labsls)

A

Abandnnei

Abhreviations

Above

Abutmani

Access

Acre

Acre-taot

Addition

Adjusting. adjacent

Atternoon

Agoiegate

Alternate, alitude

Alumihum

Amencan Concrete nsilute

American Institute ot Stee!
Construction

Amerncan National Standards
Institute

Anchor

Anchor bolt

Angle

Appmach

Approved

Approximate

Aprou

Atea

Arga dramn

Article

Asbestos

Asbestos cemeni. aop @ilic concrete

Asphalt

Assembiy

Assistant

Assotiate

Association

Automatic

Auxiliary

Avenue

Average

AvDirgupors

Azirmuth

B

Background
Backsight
Rack to back
Barbed wire
Barrel

Baseline
Basement
Bearing
Reanng value
Begin
Beginning of project
Belt andt spigot
Balow

ABD

AISC

ANSI
ANR
AB
Angle
APPR
APPD
APPROX
APR
A

AD
ART
ASB
AC
ASPH
ASM
4851
ASSOC
ASSN
AUTO
AUX
AVF
AVG
AVDP
A7

BaGD
BS (1)
Bt B

BRL
BLor B
BSMT
BRE

BEG
Bof
B&S
BIW

Hench mark” Beam

Betwsen

Bewsled

Briuminous

Bduminous coated conugated metal
pipe culvert

Briiuminous coatsd and paved
corrugated metal pipe culvernt

Biiuminous caaled pipe arch cuiver

Bituminbus coated and paved pipe
arch culvert

R:a0. / binck

Board

Board isel

Bolt

Botiom

Bowgers

Boulevard

Baundary

Brigge

E)'mk

Brown

Building

Buill-up

Sulkhead

Bursau of Public Roags

Bushs!

Butierlly valve

Cc

Capacity

Capitat

Cast ron

Cast won pipe
Cast iron son pipe
Catch hasin
Ceiling

Comant, Cemetery
Centerline

Center

Centers

Center 1o center
{entmeter(s)
Chan

Cnange

Channsi

Checked

Church

Circitlar

Clay

Clear. clearance
Claanout

Coated

Cogtliciant
Column
Compuations
Cotcrete
Concrste cylnger pipe

BM
BETW
BEV
Bi1

BCCM?

BCRCMP
BCPA

BCPPA
BLK
BD
FBM
BLY
BOT

8
BLVD
BNDY/SDY
BR
Brook
BRN
BLDG
B/U
BLKHD
8PR
BU

BY

CAP
CAP
€l

CoMP



Concrete masoniy units
Concrete pipe
Connection
Construction
Construction jont
Gontinuation
Conlinuous

Continued

Contract

Contract it hine
Contractor
Contraction

Control

Contral of aropss
Coonenate

Comer

Corugated yon
Corrugated meta
Cormsgared metal pipe
Corrygaied metal e arch colver
County

(County road

Lreeh

Cross roag

Cross sectipn

Cubig

Cubic ton

Cubic fse! per mnule
Cubic teet per second
(.ubic yard

Culvert

Curb ano gulter
Curve 1o spirgl
Cyhnder

D
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