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MILITARY CURRICULUM MATERIALS - (r~/ -

The mlltarv—developed cu.rrlculmn materials in this course

\package were selected by the \Iatlonal Center for Research in
Vocational Education Military curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
‘other instructional materlals agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the mllltary more accessible to vocational ¢
educators in the civilian setting.

~ The course. materlalq were aoqu:.red evaluated by p‘ro;ect '
staff and practitioners in the field, and prépared for
issemination. Materials which were spec1f1c to the nmilitary
were deleted, copyrighted materials ‘were.either cmitted or appro-
val-%for their use was obtained. These course packages contain
curriculun resburce materials°which can be adapted to support
vocatlorial J.nstruct.lon and. curriculum development .
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. The- Natlonal Center for Research i )
Vocational Education’s 'mission is to mcrease
the ability of diverse agencies, institutions,
and organizations to solve educatlonal prob-

. lems relating to individual career planning,’
.preparatiori, and progression. The National

.- Center fulfills its mission by: \
LI Generating knowledge through research *
t . \ 1
. * Developing educational programs and { "\
products . \

. Evaluatmgmdrvudual program needs :
- and outcomes
. * Installing educational program§ and °
\ praducts

d Operatmg information system's and
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» Conducting 1eadersh1p development and
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'a_rj activity to increase the accessibility of
military-developed curriculum_materfals to
vocatjonal and technical educators.
* »

This project, funded by the U.S. Office of
Education, mcludes the identification, and
acquisition of curriculum material§ in prmt
-form from the Coast Guard, Air Force, -
Army, Marine Corps and Navy.

Access to military curriculum materials is

.provided through a "Joint Memdrandum of

Understanding’’ between the. U.S. Office.of
, eEducation and the Department of Defense.
- " .
The acquired materials are reviewed by staff
and subject matter specialists, and courses
deémeg, applicable to vocational and tech-
nical
The National Centér for Research in'
Vocational Education is the U.S. Office of
Education’s. designated representative to

acquire the miaterials and conduct the pro;ect‘

actlvmes v - .
. \ ' .

Pro;ect Staff \ 1
Wesley E: Budke Ph:D., Director
National Center Clearlnghouse

Shirley A. Chase, Ph.D.
Progect Director N -
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ducation are selected for dissemination.
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One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational

Curriculum Cootdination Centers and other

£

"‘mstructloné\l materials agen¢ies for dissemi-

nation. *

Course materials include programmed
instruction, ewsriculum gui¥ines, instructor
guides, student workbooks and technical

manuals,

The 120 courcse's represent the following
sixteen voc#tional subject areas:

Agriculture Food Service
Aviation Health v
-Building & * Heating & Air
°  Construction ,  Conditioning '
Trades  * ~ Machine Shop
Clerical ™==<_"  Management &
Occupations “s» Supervision
. Communications  Meteorology &
. Drafting Navigation
Electromcs Photography

Engme Mechanics Public Service

The_numbe? of courses and the subject areas
represented will expand ‘as additional mate-
rials with ‘application to vocational and
technical education are identified and selected
for dissemination.

-

St

-\

1

‘How Cam These -

.

Nlatenals Be Obtalned’?

a* >.~..a.._a.
,:

r.- pubieig
P r.
A

oL
), . ar L4

0

. .«....u.-‘-’

1
' R
V- SIS DRT 10 VNG A e £oad

-

< .

Contact the Curriculum ‘Coordination Center i

in your region for
materials {e.g., avai
will: respon to you
you to an instruot
closer to you.

A

information on obtaining
lability and cost). They
r request directly of refer
jonal materlals agency -
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Course Description: . ’
¢ ' . \ a
* 5

. This coursa provides besic instruction in the skills and knowledge reduired to enter the masonry trade. This coufse involves theory and should be used
"along with jaoratory or on-the-job training. Some of the job skills, included are: : -~

. ®  Make gnd use mixes needed for er‘ectiﬁg structures ‘ (
Reinforce concrete .
® Mix mortar for masonry units X . ’
® - Correctly dse plastering tools and*tgchniques -
® Lay brick
® Recognize the characteristics and the use of concrete and stone units ' .
® Select 4hd lay ceramic and quarry tile *
® Estimate material requirements . , .
- N
The course consists of three lessons covering seven chapters in the text. N -
. “
Lesson 1 - Conicrets Mixes and Structures provides information on types of cement, additives, aggregates, water, handll‘n'g and storage
: ’ . of materials, water-cament ratio, consistency, trial method of mix design, mix Qesign with entrained air, mixing, reinforced
. concrete, and coricrete structures, N
' A Y

Lesson 2¢ - Mortar, Plaster, and Clay Brick discusses mortar for maionry units; mixing mortar, plaster-bases: control joints; types, uses,
and proportioning of plaster; tixing plaster; tools; applicatign, curing, cleaning’ and-brickwork; and bricklaying procedures.

¢ i
Lesson 3 - Concrete Blocks, Stons, Tiles, and Estimates explains characteristics of concrete units; layiflg corner leads; laying blocks
between corners; closure block; tooling; anchor bolts and control Jjoints; intersecting bearing and nonbearing walls; require-
ments of good building stone; types of building stone; shape and finish; bonding and patterns; cleaning stone; manufacture,
description, and uses of tile; wal] tiling; floor tiling; care of tools and equipment; estimating concrete, mortar, brick,
concrete block and tle, stone, ceramic and quarry tile,

tWF answers is also provided. A course eaxamination of 30 Fpultiple choice questions is included but no answers are available, )
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- erly setting floor and wall tile. A section on

. . . . ' ) . .~ ’ .
» ' 4 ~ .:'T\
4 e, ?. ,:‘\
- , 13 \ ." ‘-
- . . rd
- e . ) . Fd ”~
° INTRODUCTION - -*
~ r ~ v
. "Iihis subcourse provides basic instruction 3. Concrete Blocks, Stone, Tilqé,- . .
in the skills and knowledge required for entry - and Estimates. . . ol
- into the MOS 51-D Career Field — Mason. -” o mination.: « -
Concrete mixes are treated in detail and the N e \ .
standards required for the efficient use of Eleven credit "hoursiare allowed for this
.these materials in concrete .structures are . Subcourse. . oy '
tabulated and explained. Mortar and plaster, - e o . :
together-with plastering tools and their uses, You will not be limited as to the number-of -
are .also discussed. Clay brick'construction hours that you spend on the subcourse, any i
* and the use of stone and concrete blocks ares  lesson, or the examination. ~ -~ .. . )
discussed, with emphasis on their proper . : /e -
handling and use. Ceramic and guarry tile Text furnished: Memorandum 535: Ma-
.are distinguished through 4n explanation of ~ Somry. ’ : ..

’ = din oron. . 9 .
the procedures that must.be follo%gd in prop Each exercise has four chojeés with only -

estimating provides examples of how to esti- , ONE .best answer. Select the choice ’f:}‘: ;e B .
mate the amounts of materials and the length  lieve is best. Compare your answer with the .~ —~ -

of time required to complete various masonry solutions provided ig this subcourse packet. .. .
Jobs. . " When you have completed all lessons to o
. This subcourse consists of three lessons your satisfaction, comPlete the examination .
and an examination as follows: : and forward the examination angwer card to t

‘ o ) ) the USAES for grading. The grade you . .

Lesson I. Concrete Mixes and Structures. - receive on the examination is yoursgxade for :

+ 2. Mortar, Plaster, and Clay Brick. the subcourse. : EX . '
N N - ., e ° -

. . - . ‘ i v h’ &'

\




LESSON 1

“ f -

'CONCRETE MIXES AND STRUCTURES ° - . | , )
(CREDITHOURS _______________'__. ' 3 . :
. TEXT ASSIGNMENT _______________ ~ _.__Study chapters 1 and 2 in Memorandum 535.  °
) LESSON OBJECT IVE o _____ ~-To'teach you how to make and use the mixes
t . needed for erecting structures and the
methods of reinforcing® concrete.
' EXERCISES °. )
Requirement: Solve the followmg multlple- a. moist sand
' choxce exercises. . i L b. moist gravel
l. Aggregates are rejected if they ¢. moderately wet sand
containr more than ~N - d. moderately wet gravel -~ " .
.+ . ® 1 percentshale by weight * "+ 4. What does “saturated surface ‘
b. 3 and less than 10 percent of silt dry” concrete mean? @
: and fines . '
/ . a. saturated surface must be dried
.. 1% percent thin, fidky, elongated b. saturate the dry surface
particles by weight
. ¢. water-cement radio is 60/90 *

. d : gger;iltl:z, by weight of all above d. voids in aggrégafe are flled with
" o ’ water but surface is dry

2. When would .you generally useé

type IV portland cement? ° 5. "What is the best abrasion-

. resisting medium for fine aggregate?
a. when less heat issrequirtd during a. natural sand e granite .
' hyd®ation . ’
S - . b. traprock ° + d. gravel
, b. for constructing a large dam

6. 'S'Iou’\used 1% sacks of cement

c. in cold weather because it hardens in a concrete mix. You want to ac-

rapidly

“a 9 ; celerate the rate of hardening. How
N d. for buildings, sidewalks;and bridges many pounds of flake calcium chloride
- - . . do you add? '
' 3. Which of the following aggre- . 11
. . .gates contains about 14 gallon of water 3 1% c. 6 ’ -
: per cubic foot? . b. 3 d 9
- ) 1—1
3 A
. N i

13

»

4
1.
’
5
%
7
i

£y
iy
)




D

b 3 - 41

7. What is the minimum amount
of time that you would machine mix 54
. cubic feet of concrete?

a. 40 seconds ¢. 1l minutes
b. 1 minute - d. 2 minutes

8. Which type of portland cement
would you use for laying masonry

units?
a. IV e. II -
b IO ) a 1

"9 What causes freshly placed con-
crete to harden?

a.. aggregation e. agglutination
b. composition d. hydration

10. You must construct a concrete
pavemgnt four inches thick. What-is
the maximum size in inches for aggre-
gate that you would juse in the mix?

a. 4 e 2
v

11. How long will cement retain its
quality-if it does not come into contact
with moistqre?

a. 2 months ¢e. 1 year
b. 6 months d. indefinitely

12. What would be the probable »
compressive strength in psi of a con-
crete slab after 28 days if you had
added 5 gallons of water per sack of,
the normal portland cement used in
the mlx’

a. 1000 " e 4000
b. 2000 * < ° 4 5000

13. You have made a mixture of
aggregate and hot water. Below what

temperature should this mix be before
you add the cement?

a 80°F < e. 100° F
b. 90° F d. 120° F

14. Concrete placed below what air

" temperature is classified ascold-weather .

concrete?
a 50°F e 30°F _°
b. 40°F d 0°F °

15. What is the maximum spacing
in feet of the contraction joints for side-
walks and driveways?

s 10 d e. 25
b. 20 4 35

2
16. Yoy are constructdng a per-
manent cement concrete slab at an air
temperature between 40° and 50° F.
How many days would be required at
®° F for curing this concrete?
a1 e 5

b. 3 d 7

17. Inclined ramps can be used for
transporting concrete by buggy when
the elevation in feet betw€en the mixing
and the placing is not more than

a 13 e. 15
b. 14 d. 16

~

What joint would you use when
constru g a nonreinforced concrete
wall? .

a. exf:ansion ‘e, contraction
b, V-joint d. keyway

19. What is the maximum tempera-
ture for heating water to warm conarete
during cold weather concreting? -

a. 90° F . e. 145° F

b, 120° F d.” 165° F

20, When you are placing concrete
in high walls, what would be the maxi-
mum depth in inches of each separate

layer that you would deposit?
a. 6 e. 10

b. 8 d 12

14

a
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' ; - LESSON 2 o
[AR] ‘ ', ‘ L . .'\ * ¢ ol .'\
D . | MORTAR, PLASTER, AND CLAY BRICK .
CREDITHOURS _____ ' __ ' ____________ 3 | :
TEXT ASSIGNMENT .. _ _______ - ____ Study chapters 3 and 4 in Memorandum 535,
‘ LESSON OBJECTIVE ___._____.________To feach you how to mix mortar for masonry , ,
. e T . units, the use of plqstering tools and tech-
.- s ‘ niques, and how to lay brick. .
" * . . ) RN hd 3
52 < . ' o N /
] . EXERCISES
. Requirement:, Solve the following multiple- 4. You are about to apply the
A choice exercises.” ' ’ brown-coat layer of plaster. What is
‘ T ' the minimum thickness for this layer?
. 1. Youfind a structural crack close . & 3 inch - ¢. % inch
' to a corner bead lathzin a completed "y . o
- plast?r' job. What unﬁ_é}q hkelg;mused % “"th'r\f’{" inch - d. % inch ©
: | tatenek? et ool & B86You have put the dry plaster
a. scratch coat too%xhick " ‘ingredients into a.pgwer mixer and have
) b b \ £ added the required -amount of. water.
° . = b browm coat toofhick . . What is minimum number of minutes ~.
c. finish coat too thick that you would mix the materials?
. ' d. lath had been nailed to superstruc- s 2 e 4
' ture C . b. 3 . d 5 .
M . ° . \
2. What is the maximum numbe _ 6. What is the minimum combined
' of feet that you would space the contro , tlnckne:s of a three-coat application of
‘e ' joints for walls and ceilings when you _ Plaster? ’
work on plaster or stucco surfaces? ‘s 115 inches e. % inch .
& 10 v e 20 b, 1 inch d. % inch
- .o, b 15 d 25 - ‘ 7. What could happen if you ap-
) < ’ plied a new stucco surface over a
. 8. What is the minimum number weathered masonry surface?

o ’ of hours that you would moist-cure the

X laster dri ks -
brown coat of plaster when the air tem- 3. plaster dries and crac

2 d pegature is above 50° F? b. final ﬁmsh is potted .
e 24 . 66 ¢. .poor mechdnical bond’ .
’ . . @ stucco stiffens and ig difficult to '
b. 48 d. 70 work

» 21




8. You are about to use 60.pounds
of portland cement to plaster a surface.
*You decide to use hydrated lime as a)
plasticizer. What is the maximum num-
" ber of pounds of lime that you would
‘ add? - .

&.'6‘ e F
. b. 5 d’ 3

)
9. When you nail metal lath to ex-

/terior walls, what is the minimum gpace
that you leave between the wall and the.

Math? ,
8 14 inch c. 3 inch
b. 1 inch d. 1 inch
. 10. What is the largest size aggre-
gate that you would use in a well-graded
plaster mix?
va. 1718 imch ~ e. Y% inch
H 4
. " b. % inch d. % inch ,
) 11. What is the xmmmumsxzeof
: ‘5@ the brick that you set in & wall corner?

"8 a brick -length
b. 3/;.of. a brick lengtil
¢. a brick width
" d Y of a brick width
) 12. What type of mdrtar joint

would you be finishing if you used a
convex jointer as shown in figure 99 of

&

. the text? 3
a. flushed ¢. raked
b. weathered d. flush concave

A Y
13. "You place a good quality brxck
into a container of .water for 24 hours. .
What is the maximum percent of its
. dry weight that the brick would absorb
in moisture?

a. 15 A c. 25
b. 20 d. 30

14. You are about to mix hydro-

chloric acid and water in order to clean
mortar stains off brick. Inh what ratio
do you mix the acid and water?

a. 9 parts'acid to 1 part water
T parts acid to 1:part water

b
c. 1partacidto? pazgt's water |
d

1 part acid to 9 partsi water .

15. What is the pittH per foot of
run -that you give to the.bricks that
you lay to make a window sill? |

a. 1 inch €. % inch
b. 34 inch d’ Y% inch

. 16. You are forming honzo;ltal
mortar joints. How thick do you make

the mortar bed for them?
a; 1 inch ¢. . 3% inch

b. 1% inch d. Y% inch

*

17. What is the aveérage sxze in
inches of a fire brick?

a 2% x 3% x 8
b. 2% x 41 x 9°

21 x 3% x 8 -
d 214 x8;:x8

18. You areAfying a 4-inch facing
of brick to an old wooden frame struc-
tuge. What is the minimum number of

inches that you must widen the founda-
tion?

a. 12 | c. 8
b. 8 d. 4

19. What is the minimum number .

of inches that common brick should
overlap one another?

s 2 ’ c. 6
b. 4 ' d 8

16 :
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‘ : .20. Specifications fequire that you
. construct a brick wall that will be strong-
ahnd have watertight joints. Which of °
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these joint sizes do you select?
a. -1/16 inch - c. 5/16 inch _

d.

) % inch
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LESSON 3 - -

CONCRETE BLO)CKS, STONE, TILES, AND ESTIMATES o,
GREDITHOURS _____ . ______________ 3 . , :
TEXT ASSIGNMENT ___________________ Study chapters 5, 6, 7 in Memorandugn 535.
LESSON OBJECTIVE ___________________ To teach you the characteristics and use of

3 =
w,

concrete and stone units, how to select and
lay ceramic and quarry tile, and _how to
estimate material requirements. ,

!
4

- EXERCISES

.Requirement: Solve the following multiple-
choice exercises :

1. What is the minimum number

of inches that vertical joints in stone -

walls should lap one another?
2. ‘4\ - e )

b. 6

¢ 8
d 9

2 Which of the following bolt-size
dxameters is recommended for anchor-
ing the tops, on concrete block struc-

tures?
_ "% inch ¢. % inch
b. Y% inch d. 1 inch

3. A concrete unit has been laid in

a wall with 3/8"-inch mortar joints and
exactly fills a space 8” x 8” x 16”. What
is its exact size?

. & 7% wide 7%" high and 15%" long

b. 8" wide 8" high and 16” long |
¢ 7%” wide 734" wide and 153,” long
d.

815” wide 814" high and 15%" long
- .

1

) 4. Why do you place a straxght-
edge diagonally across the corners of -
the blocks when raising-a concrete cor-

-~ ner?

"a. to check grade

b. to make certain the blocks are ~
} phlmb ~ £
¢ to check horxzontal spacing of
blocks

, d. to get proper perpendicular spacing

LN
5. How many quarts of-sulfuric
acid would you add to 10 gallons of
- water for cleaning white mortar stains
off stone surfaces?

a 5 c.
b. 4 . d.

3 "
2

6. You are constructing a concrete
block wall. What do you do to control
-cracking? . . .
use control joints 14
apply calking compound
seal corners with tar .
use only full-length blocks

P TP
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7. What kind of stone would you
use for roof facing? N

[N

slate - <

d. grafxite

a. lime stone c.

b. sand stone .

8. You are constructing a rubble
wall 50 feet long and 8 feet high. What'
should be the minimum thickness in feet

of this wall?

s
a 6 e. 3
b. 4 d 2

&

9. Which of the following would
be your guide m‘bmlding a plumb rub-
ble wall erected to‘a line?

a. lay each stone. on its narrowest face

b. smaller stones should be in the low- i
er courses ‘ -

¢. stone size should increase towa
. top of wall <

d, lay each stgné on its broadest face

. 10. You are using the butteripg
method to apply the-neat coat,of mor-

Jar to the tiles that will be set into the, .

wall surface. Approximately how thick
do you make this neat coat?

14 inch

d. 1/16 inch -

& % inch c.
b. 14 inch
N 11. In setting quarry tile, gﬁut

“how thick would.you make the
bed into which you set the tile?”

a. 3 inch . ¢ Y%, inch
b. 1 inch ) d. Y% .inch

12. After grouting the joints, ‘they

should be washed and smoothed to an

y, even depth below the surface of the tile.
* What is this depth? "

a. 1/32 inch e’ Y inch
A .
b. 1/16 inch ~d. Y% inch |
3-':? A #*

18. . Which of the following joint
sizes is normally used when settmg

quarry tile?

a, 14 inch ’ ¢. Y inch
o ;

b. Y inech . d.' 34 inch

14. You are setting ceramic tile.
. You woulg apply the. tile adhesive to an
area no larger than you could cover,
with tile in ",

a. 2 minutes ¢. 54 minutes

b. 10 minutes d. 1 hour

13. What is the minimum amount —
of time that you would allow ceramic

mosaic tile to set before you remove the
kraft paper from it?
2. 10 minutes ¢. 30 minutes.

“b. 20 minutes d, 1 hour"

16. You are using the plaster
method of settmgt"tue What would be
the minimum thickness of the scratch
coat that you apply?. -

" a 14 inch - e
\ b. 1 inch .~ ‘d.

3% inch

Y inch

-

17. How many bags of cement -
o would you need to mix 50 cubic feet of
concrete using a 1:3:6 ratio? ———

c. 6
d. 8

.

a 2 -°
b, 4
18. How many standard size con-

crete blocks would you'need to cover the
; surface of a 100-square-foot area?

a. 113 . e 100
b. 110 e d. 90
19. How would you determine the

number of rubble stone needed for 1
cubic yard of wall? .

19.

—~~

U
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e ~.a. count them o, . is 12 fe\e?long and 8 feet high, but the
) . b. by weight : . “specifications for the job state that each
o . « . o d wall will be tiled only half way to the
R T e. by wall length ceiling. How many tiles (not including
£ % d by wall ‘height breakage), do you need to complete this .
’ i ? Job? ‘
- ' . ; - & ©y
E .20. You are assigned the.task”of 4 a. 450 . 576 !
. tiling three walls of a room using 6” x . »
* " .8 glazed ceramic wall tile. Each wall b. ‘500 - d. 580 -
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= CORRESPONDENCE COURSE OF 5
@ u.s. ARmY ENGINEER SCHOOL :

—— N

T

SUBCOURSE 535-1 . .. i". . . . . Masonry. - .
LESSON 1 ’ | Concrete Mixes and Structures.

SOLUTIONS -~ T
Each exercise has a weight of 5. References are to Memo;andu'xg 535.

[3

(par 53) °
(par 6-1, fable I)
. (pac 1.2'4\2)‘, o
 (par 12:39) -
(par 12.29) ° .
., (par 12:39)
(par 12;9)
(par 12-14)

a

d (par:3-2) 11,
b (par 1-5) . ‘ 12.
¢ (par 8-4(2)) ., 13,
d (par 63) ~ - 14,
e (par 3-8) A ' 15.
b (pdr 2-3) ' o 16.
¢ (par 10-4) - ‘ S &
d (par 1-2) 18.
d (pars 1.3, 4) - e 19, (pax 12-42)

4 (par 3-3) T 20. d (par 12-18)

¢ - . 5 . T . '
For further explanation, see Discussion. ‘. '

© ® N 'k ow oo
& & @ 0o 8 o 8 8 a

[y
I

& - * ' ) -
All concerned will be careful that neither this solution nor information concérning the
comes into the possession of students or prospective students who have not completed
. . . . e ke

the work to which it pertains,
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.. . DISCUSSION . .

\ s ~ - T : ' -
Exercise: - - o _ i /’ - e ot
‘1, If all the matenals mentioned in the exercise are present in the aggregate, their com-
bined amount may not exceed 5 percent by weight of the combined aggrcga.te (d)

bk

2. TypelVisa low-heat portland cement that generates -3 relatwely -small. amount of. V——
heat while hydrating. It is used in largé massw of concrete, such as'a large dam (b}_ )

3. Very wet; sand con 34 to 1 gallon of water per cubic goot. Moﬁt sand or-gravel
Has about 14 ga.llon, and mod rately wet sand (c) has about 1/2 gallofi of water ’per cubic
foot. ) . & : 1

4. The term “paturated surface dry” implies that 'the \:oids\iil,the aggregate are ﬂll}'ed
with water and th ace of the is dry (d). = . .
- ¥ The abrasxon-resistmg medium in-concrete is the aggreéate Traprock, gravel and,
. granite are. usually the beet materials for coarse aggregate, but tural sand (a) is better for-
R fihe aggregate, - ) P
‘* J ' - \ » ~ . : 3
’ " 6. There are two types of calciup chioride: flake.and pellet.? When you, use the ake .
) . type, about~2 pounds o§ the calcium chlaride are recommended per sack of cement; therefore. ~
5 8 (b) pounds of flake calcmm chloride should be used. . - { ‘ )

N A
»

9
1. Speciﬁcations usually uire concrete to be mixed a“~minimum- time of one minute
for the first cubic’ yard, and an itional 15 seconds for each additlpnal one-half cublc yard. .
54cu<ft—2cuyd—1%minu{ee(p) "“ .

T 8. 'Type I~(d) is normal portland cementand is'used generally for pavements ;dewauis,\ A y
i and for laying brick, block, and for plastering. 7 . /‘Izv"”‘\n A
‘ 9. Reaction between cement and water called hydraﬁon (d) results in the settxng and :
hardexﬁng of the cement’ paste. ) ' v .
Wy ! - L
} 10. Norﬁmﬂy, the maximum size of aggregate in the mix should not exceed 2 inches, .
and the la.rgest particles should nof be over one—fourth the pavement tlnckness. (d).

11 Sacks should be stored on -agraised platform to prevent ra’in’ or Water- from reaching
. the bottom sacks. Cement which does not come mtoscont:fct with ,momture will remain 3ts qual-
ity mdehmtely (@). —~ , .

v 12. Table I gives the quantity of water to be used for concreteeoz a desired strength. ‘If
: 5 gallons of water per sack of cement were added, the compressxve strength after 28 days
.\}'7 would be 5000 psi (d) Note that the. more water used, the less strength of the concrete.

&

\\

18. The temperature of the water should never exceed 65°F, ~Mix the hot water vnth
the aggregate so that the mix temperaturf will te below 80° F' (a) before you put in the cement 1 ¢

14, Concrete placed when the air temperature is less than 50°F (a) in claasxﬁed a8 cold-
R weather co\ncret.e, and cold-weather precautions must be taken ‘




;} X N 3 . . L\ . . , ¢‘

. causing a quick flash set of the cement.

- . A <
L N . . Py N
. .

15. In sidewalks and driveways, contraction joints should be spaced at intervals equal te
the width of'thg slab, but never more than ?mfwt (b) interyals. It ig good pra;gﬁce to use a
straightt Boa::i a8 a-guide. * - ) ’
! . . N . ®
+ 16. For permanent construction, the placed concrete must bé-cured at a temperature\of
S50° F for 5 days (c). If high-early-strength cement is used, the curing peried would be 3 days
at 50° F. v L

17. When comerete is to be elevated less than 15 feet (c) above ground, buggies of 2 to
3 cubic feet can be pushed fup ramps to the placing level” Larger ones are too heavy to push
up the incline. L —
. P » < : !
18. The construction joint is used generally with reinforcing steel running from one sec-
tion to the next, but when reinforcing steel.is nczt’n\scj. it is better to use a V-joint \b).

19. ‘The temperature of water should never exceed 165°F (d) because of the danger of

(X
\

/b

./

<




‘%% CORRESPONDENCE COURSE OF i3
. U.S. ARMY ENGINEER SCHOOL :

SUBCOURSE sss.?\.
LESSON 2 .
/

\
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& Masonry.
. Mortar, Plaster, and Clay Brick.

- ]

N

N

SOLUTIONS
C

Each exercise has a weight of 5. References are to Memorandum 535.

~

. 1.'d (par 14-8) ) 11. ¢ (pdr 16-20) i ‘f/
2% ¢ (par 1412) 12 d (par 17-12) - : )
) 3. b (par 14.36) - 13. a (par 15-4) . x )
4..a (pdr 14-34) C 4. d (par 17-22) . . .
@ ¢ . - . - *
5. d (par 14-23) - 15. ¢ (par 16-23)
6. ¢ (pars 14.33, 34,35 © ™ 16. ¢ (par 16:29) .
* 7. d f{par 14.9) "~ 17 b (par 15-1)
8.%a (par 14-18) ) 18. b (par 16-16) o / -
9. ‘o (par 14-5) 19."'a (pars 15-1516-3) e e
" 10. 'b (par 14-21) ' ) 20. d (par 17-11) . 2
) ‘ . . N -~ N " . -~
For further explanation; see Discussion. w . °
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ise: ) . ) o | v
Exerc ¢ / | . -
1. Be syre that the corner lath is nét fastcned by nailing it tlﬁough to the superstruc-
ture (d), bécause this stress will be transmitted directly into the plaster,”and cduse it to crack.

4

- ' i2. Walls dhd ceilings should be divided into rectangules.panels with control joints * . . ¢
St spacgd a maximum of 20 feet (c) apart. This procedure will.control cracking in plaster and .

stucco surfaces. .

) - ‘ + * . 8. =vAll three coats of plastgr must be moist-cured for at least'2 days (48 hours) (b) at . “.
a temperature gbove 50° Fv . . -
. (£

& e .

¢ 14 The brown coat consists oiﬁ la}er of plas‘t,er‘no.t less than'% inch (a) thick. You . ~
™ apply and finish the brown coat in the same manner as the. scratch coat. )

-

\

- 5.. You should mix the materials for a minimum of 5 (d) minutes aﬁer the water is
added to the dry materials. : t

" 6. The seratch coat has a minimum thjckness of _14' inch, the brown coat 34 inch, and’

the finish coat 1% inch, or 2 minimum thx’ckness,of 34 inch (c) for the three coats.

e ~ o [
7. Weathered masonry surfaces may have too much suction. When You apply plaster
to this type of surface,’the plaster stiffens and becomes difficult to work (d). '
. ) . N £\ . . ¢ R
- -8. Hydrated lime may be addad to the mix to make it more workable. The amount added
¢ should notvexceed 10% by weight or 25% by volume of the cement used. Therefore, 60 X .10
= 6 (a) pounds’of lime would be required. » ) ’

- " 9. Furring nails hold the steel lath in place./_'i‘here‘should be a minimum space of 14
inch (a) between the structure’ ad the reinforcing steel lath. -
%

- . he
<

10. Sand'for plaster mﬁé"g}aded with particles (maximum size, 1% inch) (b) rang- \ .
- ing from codrse to fine. _ : .

11. - The end brick should never be lesg than a brick width (¢). When arranging brick in
a corner, you must take both walls into consideration.

“12. You can form a flush concave (d) joint (fig 99) by compressing the mortar in the
joint with a convex jointer. : N 2 ~ . '

. 4
13. * A characteristic of good quality brick is that it will not absorb more than 10 to 15
- (a) percent of its dry weight in moisture when placed in a ‘container of water for 24 hours.

14. To remove mortar stains from the”b;'ick use a solution of hydrochloric acid and
» ~ water. The ratio of the mix 9:1, nine. parts water to one part acid (d). Always add the acid
to the water because acid reacts violently when water is added to it., .

-

15 Bricks in sills are usually laid oq';xge at a pitch or incline equal to 3 inch (c) per
- foot of run. ’

‘\ ' ‘ 2.2 ‘ . ) oo -




S

length, bu\a brick should not lap

16. When makihg bed joints, spread the mortar (about 1 lnch (a) thick) unlformly over
" the top of the foundatxon or the lower brick course.

~

17

inches.
L

.

v e

\

Y

Bncks are made u&‘ several sizes but fire brick is ordmanly made 214 x 46 x 9 (b)

[ 4
. ~

)
<

Yt

.18, In facing old frame structures, an additional 8 inch (b) thickness of new . foundation
is ‘extended below ground -against the vld. foundation to support the bnck

-

- 2 (a) inches (8 X 1 = 2). -

~

19, In bricklaying, the pracLlce is to make a brick lap other bncks Y4, Y3, Y or 3 of 1ts
another brick by less than !4 brick length ok minithum of

) Commep th}cknesses of mortar Jomts range from ! inch~to 1 inch. Of these the Y4

and % inch (d) joints. are used the most because they are stronge,st and

- o
most water resistant.
<
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= . CORRESPONDENCE COURSE OF @ .
.@ - U. S. ARMY ENGINEER SCHOOL 4
. SUBCOURSE 535-1 . . .- . . . . \ Masopry. -
. ’ LESSON 3 .°. . . . . . . .. . . Concrete Block and Stone Tiles and Esti.
S : . . mates. '
S Co . SOLUTIONS
. ' . , i v
R Each. exercise has a weight of 5. Reference§ are to Memorandum 535.
! 1. . (par 19-9) . \ 1L ¢ (par 224)
2. b (par 1813) * - (par 21-16)
<& 3. e (par 183) S (par 22-5)
. _ @ .
‘ - 4 ¢ (par-18.9) h (par 21.18) )
. 5. d (par 19-16) y 15. ¢ (par 21-20)
6." a (par 18:14). : . 16 b (par 21-4)
7.< ¢ (par 19-7) 3 S 17 d  (table 4, page 97)
8. b tpar 16%) » | oL 18. a (table 6, par 27-1)
N 9. d (par1911) ~ e 19. a (par 28-1) .
'10. d (par 21.6) of 20. ¢ (par 29-1) :
' L . ft‘or further \explanation, see Discussien. ) ' B
LR - ” .'... ‘ , . ;§. } )
s o "
’ b
. ’ ‘ ®
p / \
- ‘ N ] ¢ . . . .
e /
A\, 3—1
- 5} /




: DISCUSSION

Exercise: »
1. The lap of vertical joints should be at least 4 inches (a). Vertical joints in a stone
course should be staggered with the vertical joints in the courses above and below it.

2. Anchor bolts come in various sizes, but the size recommended®is 3 inch (b) diam-
eter and 18 inches long.

°

3. Unit sizes are usually determined by their nominal dimensions, In other words, & unit
measuring 734” wide, 734" high and 1534 inches long (a) is considered 8” x 8” x 16” inches
and would exactly fill such a space when the unit was placed in a wall, .

4, When building cofners, each course is stepped back a half block. You can check: the
horizontal spacing of blockg (c) by placing straightedge diagonally across the corners of the
blocks. - - : .

5. A 5-percent phosphoric acid-wateff solution or a 5-percent sulphuric geid water solu-
tion should be used when the stone or the mortar is white (10 gal = 40 qts X .05~ 2 (d)
6. Control joints (a) are used to control cracking in masonry walls. These joints are
vertical and are built into walls at points of possible stress. “”
’ ) ‘ .
7.. Slates are composed chiefly of clay and sand. Slate (¢) is in laminated form, can be
split into sheets\, and cut to size for roof facings.

AN

8. The thickness of a rubble wall should be at least one-half its height. 8 ft X ;/; =
4 ft (b) thick. . e

PR

9. The larger stones should be placed in the lower courses, and each stone must be laid
gﬁits broadest face (d)

~

’ - 10 When the buttermg method is used, about 1/16 inch (d) of mortar is applied to the
back of each tile. At least 60 percent of the back of éach tile is covered with mortar.

«

- 11 6. Quarry tile is set in a bed of cement mortar about 3 inch (e) thick, consisting of a
mxxture of 1 part portland cement to 3 parts building sand. .

s 12. Finish smoothing off the joints by gently rubbing over them with a damp cloth. Bring
5 . all joints to an even depth of 1/82 inch (a) below the surface of the tiles.

13. Normally, 1% inch (¢) joints are used between quarry tiles, 50 set the remaining tiles
in the first row 1% inch apart using small pieczs of of wood as spacers. -

123

v

14. Most tile adhesives will set up in about 10 minutes (b), so do not apply the tile ad-
_hesive to¥an area larger than you can finish in that time,

e s
m—,

15. After the tile sheets have set in the adhesive for a minimum of 30 minutes (c) you
may remove the kraft paper from the top of the tiles.




2 O

* 16 Apply the scratch-coat mortar to the lath or clean concret¥ or plastered wall accord-
o . ing to the specifications, but in no.case less than 14 inch (b) thick. - - ’

R ) H »

A 17.  Using table 4, you follow the 50 cubic feet in the first column over to the 1:3:6 ratio,
: where 8.(d) bags of cement are shown as need:d'for this amount of mix.

. 18. ‘The standard size concrete block is 7%” x 7%” x 15%, and from table 6 we get
* 112.5 units for the area, or 113.(a) blocks. Y

19.. The number of rubble stones contained in one cubic yard depends upon the various
sizes of the stones; therefore, if the average. number of stones contained in a cubic yard must
s be known, the stones will actually have to be counted ().

20, 12 X8/2=488qftperwall;3walls=1443qft; 144 X 4‘=576 (c) tiles required.

U4 4 3
: ? 4(6” x 6”) tiles. = 13q ft
- nd - - .
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PAruiText Provided by eric [N

- PREFACE

P

HE ARMY operates many installations located .throughout the world, To
Taccomplish its mission, there must be suitable living and working qffarters
constructéd on these‘-locations, and these, structures must be properly maintained
and repaired. In many cases, the actual construction is done by commercial con-
tractors, but the maintenance and repair are carried on&v;, personnel under the
direction of the facilities ‘engineer. . °

-

As a mason, your part of the overall construction, maintenance, and repair
progrim will be with structures built of masonry materials, °

This memorandum will give you the knowledge needed to meet the skill level
demanded of a mason. By carefully studying this memorandum and the illustra-
tions presented in it, you will quickly acquire the knowledge needed to accomplish
each assignment.

>

Keep this memorandum for your own use, . '

-4
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Materials and Concrete Mixes

.
.
\

HIS CHAPTER covers the materials and’

concrete mixes you must know to perform
your duties properly. Upon completion of this
chapter, you Wl\ knc?w what ingredients to use in
a concrete mix ‘and how to properly propor 1on
them to meet job specifications. .

NoTE:, There will be 2 number of new terms
(terms of the trade) used in the text. These are
explained wherever they are first used in the text,
and they are al%o covered in the explanation of
terms located in the glossary.

[y

1. Types of Cement

1. Portland cement (manufactured in the
United States) derives its name from Portland,
England, where the process for making it origi-
nated. This cement is available in five different
types, ranging from type I to type V. «

2. Type I, normdl portland cement, is most
generally used for pavements, sidewalks, build-
ings, and bridges, It is also tised for laying bnck
block, and for plastering.

3. Ty pe II, modified portland cement, ‘gener-
ates less heat during hydration (reactions be-
tween cement and water resiilt in the setting and
harderiing of the cement paste) than:type I and
is used for structures of considerable size.

4. Type III. high-early strength portland ce-
ment, is iised when high -

very early period. In col

the time required for prote

is reduied. Type II cement hpay
that it 3ttains normal 3-day strength in 1 day, 7-
day strength. in 3 days, and 28-day strength in
7 days. This is'illustrated in figure 1. The evolu-
tion of heat during hydratlon is also accelerated.
* Normally, this cement is not used in largé-scale
operations since it is more expensive than ordi-

uary portland cement. »;q;

5. Type IV, low-heat portland cement, gener-
ates a relatively small amount of. heat whilé hy-
drating.’ It is intended for use in large masses of
concrete. such as large dams.

nstruction,
hnst freezing

6 Type V sulphate-resistant portland cement
L intended for use where the concrete wilPbe in
t
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act with soil or water of high alkali content., .

T. The properties of any of these typés of ce-
ment can be changed by the addition.of certain
/chemicals or other materials.

8. Alu.mina ments, derived from bauxite ore,

" have a higZal ina content, The high-early
umina cements offers an advantage

for cold-weather operation because of the rapid
rate of hardening and the considerable chemical

heat produced while the cement is developing its
set. Concrete ri;za.de with high aluminha cement
becomes as

cement concrete becomes in 28 days.

2. Additives

1. “As you will see in the following' dxscuésxon,
it is often desirable to*have either a contrete

which contains gﬁllons of tiny air pockets or:a '

concrete which will harden at a very rapid rate.
Either of these effects may be obtained by the
addition of certain materials to the cement.

2., Alr-i']ntraining. Air-entrained cement is

any cement in which an air-entrainment agent
(sp€ glossaryat the end of memorandum) has been
incorporated. This is done by blending the agents
with the cement/during manufaeturing or by add-

ing them at the mixing stte. If mixed at the site, -

“the agent is added to the mixing water. Manufac.

tutred air-entraining cements are indicated by the _

letter A" in.the type number (type IA, type IIA,
type IIIA, etc.). Concrete made with this cement
contain billions of extremely small, entirely sepa-
rated air bubbles per cubic foot of the concrete,

_and these bubbles act very similarly to sand. The-

air volume is approximately 4 percent.af-the total
volume. The presence of these air bubbles makes
the concrete more resistant to freezing action. Al-

some redfietion of strength results from ’
tHeNentrainment of air, this reduction is some-

- ~

in 24 hours as nornial portland .
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.what offset by the reduction of the water-cement

ratio. In other words, you can mix at least 1
gallop less water per sack of cement and stjll
maifitain the same workabhility. Air-entrainment
is esﬁgqtélly useful in severe climates where the
conidtete 13 exposed to welthering, particularly
the freezing and thawing cycles.

3. Hardening Acceleration. The addition of
caleium chloride (a crystalline compound used in
its dry state as g drying agent) to a concrete mix
accelerates the -rate.of hardening. This is an -
added advantage in*cold-weathef operations be-
cause the perio® du}"ing which .the concrete mugt
he protected-from freezing is shorte.ned. How:.

@

© ever, if used in warm weather, there is the prob-

ability of flash set (rapid hardening of the con-
crete). There are two types of calcium chlorid_e:
flake and pellet. Two percent of the flake type or
1.6 percent of the pellet type (by weight of the
cement used) is generally the maximum amount
td use. When you use ‘the flake type, apprqxi-
mately 2 poundsof caleium chloride per sackofv}t-
ment Is recommended. Hnwovor. if close contarbl
of hardening iy desired, tests should be made to’
determine the amount of agent to use, hecyuse the

COMPRESSIVE STRENGY

HLB PER SQ IN  MOIST CURED AT 0°F

Figure 1. .Ay;e-.vtrenyth reIntxousA Jor normal «
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acceleration effect is not the same for all cements,
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3. Aggregate 3

1~ Concrete a regates are strong, durable, -

and chemically ifert materials which constitute
the major bulk of the concrete. They should con-
sist of clean, uncogted.particles Waving a good dis-
"tribution between size\limits. Materials common-
ly used as concrete\aggregates are natural iz:zds
and gravels, crushed rock, crushed slag, or other
similar materials.

2. Harmful Substances, Normally, aggregates

are rejected or reprocessed if they contain soft,
friable soils (that are easily crumbled, or ‘pulver-
ized), thin, flaky, elongated, or laminated parti-
cles fotaling more than_3 percent by weight ‘or
shale in excess of 11, pe;"cent by weight, Silﬁ and

fines (particles smaller than sand) should be ‘held
between the limits of 3 and 10 percent passing a
Nr. 100-sieve (100 holes per square inch). A set
"of sieves is shown in figure 2. If all of these types
of materials are present, their.combined amount
may not exceed 5 percent by weight of the com-
“bined aggregate. Clay, silt, and rock dust are very
harmful because they reduce the strength and
dumbilityA of concrete by inhibiting the proper
bond between the cement and aggregate particles, -

3 Gradation. Cladation of aggregate is a
orkability, water require-

Normally, the

-
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maximum size of aggregate should nat.exceed
2 inches, and the largest particles, should not be
over one-fourth the payement thickness., Fine
and coarse aggragates are qaormally Separated on
the Nr. 4 sieve. ‘Those passing through the sieve
are classified as fine aggregates and those’ remain-
ing are, coarse aggregates. The fine and ,coarse
aggregates arer handled separately to pérmit ad-
justing the proportion of each to produce a dense
and workable mixture. The gradation of the
coarse aggrégate is not too important but tHe ggada-
tion of the fine aggregate is_very. importang, and
“the requirements given in the specifications Should
be followed. No universally accepted-standard for
* . gradation requirements has been deyeloped; there-
fore, no aggregate will be rejected solely because
its gradation does not meet some established
+ V¥ standard. . . .
4. Physical Properties. Specific gravity, ab-
sorption, and moisugi content of aggregaté afe
the important propertfes considered in designing
-concrete mixes. The sperific gravity is used to
determine the voids in the component. The aver-
age specific gravity of sand, gravel, and' limestone
. is 2:65; the average value for granite is about
2.70; and for traprock.’about 2.95. The personnel
resgonsiblc for making the test of specific gravity
and absorption of aggregate should follow the
procedure outlined in Design and Control of
Concrete Mixtures, published by the Portland
Cement Association. . .
5. The absorption capability and moisture
content are used to obtain the water-cement ratio.
S o The absorption capability is also used to detect
soft aggregate. Traprock and granite absorb water
.to the extent of a?ut V2 percent of. their dry
Wwelght; good average sand, gravel, and limestone
absorb about 1 percent; and porous sandstone
absdsbs about 7 percent. In very light, porous ag-
gregate, the absorption may be as high as 25 per-
cent. Aggregate which absorbs more than 1V4 per-
cent by weight after 24-hour subfeggence in water
at 70" F. is ¢hecked for durability by comparative
freezing and thawing tests if it is to be used in an
_ area where freezing occurs. .
T6 DComposition. The abrasion-resisting me-
dium’ in concrete is the aggregate. Traprock,
gravel. and granite are usuaily the best materials
for coarse aggregate and natural sands are beft®r
for fine aggregate. -

7. Organic Impurities, Natural sands some-
times contain organic materials, usually from
‘decayed leaves and othet plant life, which are
detrimental to the hardening of concrete. The
. sand should be tested to detersine the amount of

0y
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Fieure 2 Setof aeves ¢ . .. :

D these impurities. Two methods of testing for

~ % ‘ organic content can be used on the job. One test

. is known as the quart-jar method. Place 2 inches

- . s of sand 4n a quart jar and add water until the

-«
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Fignre 3. ° Quartjar method of determining silt content

, of sand. . *

- . )
jar is about three-quarters fyll. Vigorously shake
this mixture for | minute and dllow it to stand for
I hour. Ifgmore than.a Y-inch layer of silt forms
on the surface of the sand (fig. 3), thé silt content
is too high. Sand containing excessive silt must

- -

~

be discarded or washed 'to remiove the silt. Small’

amounts of sand can be successfully washed on a
device similar to the one shown in figre 4. The
sand is thrown on the sloping device.~Fhe water
‘washes it down to the bottom and the silt passes
Mthrough the screep. © v - g :
" 8. The séeond test can besmade by placing a
representative sample of sand' it a 12-ounce
prescription bottle. The bottle should be filled
to the 4Y2-ougce mark, and enough sodium 'hy-
+ droxide added {6 bring the,level 10 the 7-ounce

i~ mark. This solution should be thoroughly shaken

E

and allowed to.stand for 24 hours If the liquid ,
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above the sand is colorless or light yellow,, the
sand is satisfactory. If the liquid is brigh§ yellow
or medium brown, the sand should not be usea un-
less ‘strength tests prove the clor-producing
«gOrganic {matter togbe harmless. e

9- When using sand of doubtful quality or-
from a nonuniform source, make tésts daily (or
more often). Either of the two tests provide an
excellent .check fongjlt or-clay content. *The
heavier sand particles.se¥tfe in a very few minutes,
and all sediment settles within 20 minutes. This
leaves the sample deposited i’ layets by particle
sizes, with the very fine matter in a well-marked
layer on the topof the'sand. If the bottle is not
disturbed during the séttling. both sand and silt will
be level on top and the volumes tan be compared
with extreme accuracy. )

4. Water o -

1. Water which is safe for drinking is safe
for making concrete. . Howgver. . water which' is
not potable (fit for drinking) may still be.satis-
factory for making concrete. - If there is a reason
to Suspect the suitability of the water supply, tests

© may besrun on mortar made with the suspected
water. Normally.the tests are made on the mortar
at the age of 28 days, but in emergencies. a test
* may be run after 24 hours, with a confirming test
madg at 7 days-é If the engineer finds, that the
mortag made with the test water is at least 90
+ percent as strong as mortar made with water
known’ to be practically pure, the water is con-
sidercd. usable. Waters containing strong acid or
., alkafine inorg;_.mic salts are not'acceptable.

5. Handling and smrq\ge of Mafer‘ials

1. The methods by which the materials are
handled and stored" can be an important fac-

tor in” maintaining consistcnt.mixtare‘s", There-

- ~ .
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Figure 4. Device for ashing sand and gravel with Iugh.silt content,
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fore, . hafdle and store materials according to
specifications. -

2. Cement. Sacked cement which is to be
stored for a long period of time should be placed
in a near airtight warehouse or shed. The floor
of the shed shayld be aboveground and all cracks
in the walls sedled. Sacks should be stacked close
together to reduce air circulation. The sacks of
tement should be stored on a raised floor away
from the walls. A suitable temporary storage shed
is shown in figure 5. Note that the tarpaulin
extends over the edge of the platform to prevent -
rain from colibcting on the platform and thereby
reaching the bottom sacks. Cement which does
not come in contact with moisturg will retain its
quality indefinitely. Cement which has becn stored
for a long period of time may develop what is
kngwn as warehouse pack. This condition results
from tight pagking; however, the cement retains

its quality. Warehouse pack can be corrected by

rolling the sack on the floor. At the time of use,
cement should be free-flowing and free of lumps.
If the lumps are hard to break up. thé cement
should be tested to determine its- suitability.

3. Aggregates. Ndmmally. aggregate is stored
in stockpiles built up i layers of uniform thickness.
Stockpile buildups “should be accomplished in a
manner which prevents,the separation of Jarge %nd
small particles. Every batch of aggregatg which
comes to the mixer should be of the same com-»

. Position and consistency. Therefore, stockpiles

should not be. formgd in high cone shapes or

dllowed to rur dowr®slopes because this causes” °

separation. Aggregate should be.glpced in layers.
and in individual units not larger than one truck
load: Damp. fine aggregate has less tendency
to segregate than dry. finc aggregate. To further
prevent separation. never allow aggregate to free-

. fall from the conveyor belt. and make the haul

distanges as short as possible. If batching equip- .

Yo
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Figure 5. Cement stored under a rarpauiin.

- evapOrate and leave undesirable voids in the con-
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Figure 6. Methods of handling aggregate.

mént is used, $pme of the aggregate will be stored
in bins. Bins fshould be located by allowing the
material to fa vcrtica?ly over the outlet. Chuting
the material §t an~angle against the side of the
bin causes segregation of particles. Correct and
incorrect methods of storing aggregate are shown
in figure 6, o ‘

4. Water. Sediment tanks and 250-gallon
water trailers are used to haul and store water
and should. be stored near the mixer,

6. Water-Cement Ratio

"1. The amount of wétcr used when mixing
concrete is of ‘critical importance in every case.
If too much Wwater is” used. it will eventually, .

crete. Water used fof concrete is usually expressed
in terms of gallons pgr sack of cement. It fnay
also be expressed as the ratio of the weight of water

. used per sack-of cement to the weight of the sack .-

of cement. For example. if 50 pounds of water
per sack of cement is used and the weight of one
sack of cement is 94 pounds, the water-cement
ratio is 50/94 or 0.53. However, the amount of

. .
e - R .




& Callots of water per

< S Pribable average 28

> selecting the water content required.
per square inch concrete at 28 days I3 required, s water
content corresponding to s strength of 3 200 pounds per
N square inch should be selected,

\ v
. . P
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e TABLE 1
RELATION BETWEEN MIXING WATER AND .

COMPRESSIVE STRENGTH OF .CONCRETE*

suck of Cement 4 5 6 ? 8

Probable averuge 7-

day strength ir psi 4,400 [ 3,500] 2,800 2, 200 1,800

da, yirength in psy ©,000 {5,000 -, 000] 3, 300{ 2,800

*A safety Factor of 15 percent should be allowed when
If 2,800 pounds

water to be used ‘will be given in gallons per sack
of cément in the rest of this chapter. Table  gives
the quantity of waer to be used for concretes ofsa
mvm strength. Ncie that the more, water uscd,
the le'ss the strength of the concrete. Propcr curing
must be provided to obtain these strengths. The
streng1h of concrete increases with time, as shown
in“figures 7 and 8. Figurcs 7 and 8 also show the
compressive and flexuralstrength-time relations for
concrete. Compressive strength is the ability of
a concrete slab to resist crushmg. and flexural ,
strength is.its ability to resist bending. :
2. For construction, where strength and econ-
omy arc importam and the work is not°hurried,

- tests for strength should be made with the materials-

to be used on the job and under job conditions.
These tests should include not less than three .
different water contents. Samplc atches of con-
crete -are miXed. curcd. and tested for strength.
From these tests. the proper water content can be

e

selected. The 1S5-percent safety factor recom-
mended for use with table 1 should also be used
here.

3. The gmount of water in the aggregate, in
excess of that present when the aggregate is in a
saturated surface dry condition, mugt also be in-
cluded as mixing water when the amount of water
to be added in designing concrete mixtures is
determined. The term “saturated surface dry”
1mphcq that the voids in the aggregate are filled
wnth water and the surface of the aggrcgs'?e is dry. -

7. Consistency °

1. A &pperete mix wnh a fluid consistency
flows easily*into forms and around reinforcing
steel. A stiff concrete mix does not flow readily,

‘and usually réquires additional labor or special,

cquipment to place it. Immediately after being
mixed. concrete should be plastic. neither fluid
nor stiff.

2. The means of measuring consistency is the
slump test. To perform this test, place the con-
crete mix in a cone-shaped form where it is
rodded or tamped After the mixture is stamped
and the form is removed, the concrete slumps to
a position of cqunhbnum The amount of slump
is then measured in the ntanner illustrated in figure
9. The greater the measured slump. the re
fluid is the mix. The concrete should havel no
more slump than-nccessary to enablc the placing
crew to place it. If morg

. AGE OF CONCRETE IN DAYS . .
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3. Workability refers to the case with which
a certajn concrete mix“can be placed in a partic-
ular position. However. thts term has “separfle
uses. For example, a concrete containing farge
aggregate particles with a stiff consistency would
be workable in a large mass but would not be
workable in a thin wall with closcly spaced re-

inforcing bars. .

8. Trial Method‘of Mix Design "

4 Each particle of aggrcéutc is completely
surrounded by cement-water pastc. and almost
all of the spaces between the particles are com-
pletely filed with the paste if the concrete is
properly mixed. This paste binds the aggregate
ito a solid mass, and the strength of the concrete
primarily depends upon the strength of the paste.
The binding propcXies of ‘the paste are duc to
chenucal reactions (hydration) between the ce-
ment and water... Favorable conditions must be
present “if maximum strength of the paste is to
develop through' hydration,

2. Aside from producing a material having
the required. strength. durability, and watertight-
ness. cconofy is the important factor in design-
ing concrete mixes. As much fine andf’goarﬂc
aggregate as possible shouid be used since this
matcrial"is cheaper than cement. The trial-nux
method of obtaining the proper amounts of fine
and coarsc aggregate to be combined with cach

the required strength of concrete has been estab-
lished by the engineer responsible for the design
of the projectse The compressive Strength of con-

J [}

o

4

Fieure 8  Flexurdl streneth-tume relations for concrete.
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sack of cement should be used. Inm most cases. |

crete made with (various amounts of water was
given in table 1. The amount of water selected™
includes frec water present in the aggregate plus -
water added at the mixer.

3. Select the required slump-from table 2 if the
designer has not futnjshed this information, The-
amount of slump required will vary, with the
type of construction. ~Thin mermrbers and those ,
which contain large amounts .of reinforcing steel
require more fluid or plastic mixes than do large

v
Slump test

Fgure 9
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TasLE 2
. ReCOMMENDED SLumps FOR VaRtous TYPES OF -
- CoNGTRUCTINN® 5,
Type of Comstruction Slump in inches
. Maximum | Minimum
Reintorced foundation walls
; snd footings 4 1
Plain footings, caissons. and
rubgruciure walls 4 : 1
Slads. beams, and reinfosrced . $
walls H 2
Buiding columns 5 2
Pavements 3 2
Heavs mas» construction 3 \ 1

-M\m high-frequency vibrators are to be used. the table values
shoula be reduced by one-third -

masses of concrete with little reinforcing steel,
Selecting the proper,ﬂump is important since it
affects the amount of aggregdte to be used and

- thc amount of labor required to place the concrete.
L]

4. When using any new combinations of fine
and coarse aggregate, make trial mixes, and de-.
terfine the amount of cach to be used per sack of
cement. - In small or unimportant work, an arbi-
trary mix of 1 part cement, 2%2 pamts sand, and

3% parls gravel (1:2%; 3'%4) may be used
However, the amount of aggregate will vary with

*the water-cement ratio previously ided upon.

Determine the amounts qf mojsture®present in,
aggregate in the laboratory. o cstimate it by
using the following information: T

{1) The percentages of‘water by weight which
the varidus types of aggrepate
given under “Physncal Propcn s} \When thor-
ounhly dry aggregate is used. thisgmount of water,
is added and is’ not co"ﬁ"s"ndcrcd,m the tvater-
cement ratio. i )

*(2)° The approxlmatc quanuty-}
surface water or fre¢ (unabeorbcd) water carried

by a cubic foot of average aggregatg is as follows:

Very wet sahd i N %o |
Moderatelv wet <ahd : ; about 2
Moist sand™ 2 o about 14
Moist gravel qr crushed rock —Y\ i about Y

« (3) The water in damp sand ‘forms a film
on the grain, fluffing them apart 10 an extent
much greater than the actual volumelof the sand.
This bulking is greater at a moisturé contant ‘of
about 6 percent of dry weight. at whx‘l’:h,ﬂ(#-‘c the
bulking may be as much as 20;0r evcﬁ 30 percent
of the dry volume. Additionar water .packs the
sand and decreases the bulking. Sand has about

the same volume wheng,completely fooded s it
s when measured dry and loose. *Bulking s

alfowed for whep meastring sand by voluyme and .

is determined hy tests if nceessary  However,
the cffect of mmyurc on the volume of coarse
aggregate is negligible.

5. Allowing for frec water”and bulking.. trial
batches (', sack of cement mived by hand) or
fullsizé nuver batches are pude. “The proportions

.

jjll. absorb weres® per cubic.foot with damp-loose volume 1.20 times ..

ratio and selected slump ,are given in table 3.
6. Aggregate- proportions sBould be adjusted

_to give the desired workability without changing
the water-cement ratio. [f the first batch looks’ '
and handles like good concrete and it is readily °
workable, small increases in the coarse aggregate - 4
can be=tried to reduce the cement demand. If

the mixtute is too harsh, too dry. or otherwise 2 4
unworkable, adjustments are made in the fine .

or, coarse aggregate approaching the proportions
gwen for the next greater slump. The f,gllowing
is given as an illustrative -example:

7. A 2-sack batch’'composed of 1- inch max-
ilmum size apgregate, water-cement ratio of 7
gallons, per sack, slump or 3 to 4 inches, and dry
compacted volumetric propomons of 1:2. 3.36 ¢
is selected for trial. Batch quantities for 1 batch
in a 14-cubic-foot mixer are:

|
|
|
|
for the first trial mix for the requlred water-cement '

N
.

&
. Water 9.3 gallons .

Cement 2 sacks -
Fine aggrepate 5 5 cubic feet (damp-loose)
- Coarse aggregate 7.6 cubic feet (damp-loose) .

Thesc qumtmgs were taken from table 3, under

the column headed “Materials for | batch in 14-

cubic-foot mixer, assummg the average damp .
materials.” The quantities listed in this column .o
arc based on 'the following issumptions: moder-  ° - < )
ately.wet sand carrying 2 gallon of free moisture B

the: dry-compacted volume: moist gravel carrving
"4 gallon of free moisture per, cubic foot with  ° P
d1mp -loose volume of 1.06 times drv-compacted
volume. Water quantities have been adjusted for

N nallons) of | the mmeturp carricd by the aggrégate® The amount

shBwn is to be added to the mixer. Batch quanti-
*\ ties are for whole number of sacks of cement to
\"nc a batch qu.mtm not greater than 14 cubic
{ect ) :

8 When pOUrcd the above mix turns out to
b‘g too wet (large slump). and i appears to

rsanded! Investigation shows that the mmsture ,
cohtcnt of the ffhe - aggregate is about 4 percent
and: the coarse 1s about 2 percent by weight. To
nd1u51 thN_mix. the amount of coarse aggregate .
is incrcasel with a corrcsporfdmn decrease in
added water, thus econbmizing on cement and
tending te correct the oversanded condition. The . -
coarse aggregate for the second batch ,is increased ) .
04, from 76 to 80 cubic feet (damp-loose). '
The adding of 04 cubic foot Bf _coarse aggregate . .
which carries 14, gallon of free¢’ water per cubic
foot ntroduces '3 - 0.4, or 0.1 gallon of extra -
water.  The adjustcd batch quantitics for the .

second tnal are: - 4
Water . 9.2 galions (9. 3-0,1)
Cemant ! 2 sacks h

Fine aggregate 5.5 cubic feet (damp-loose)
Coarse aggregate 8 cubic feet, (damp-loose),
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ProPERTIES, BATCH QUANTITIES, AND UNIT OUANTITIFS For CONCRETE MixEs
Maximum Water- Materials for 1 batch in 14-cubtes| Yield Unit quantities of materials for I'
site cement i Proportions foot muxer, assuming average |(cu. ft.of cubic yard of concrete
of ratio Slump Proportions by volume damp matenials F concrete |[Cement Weight Volume
foarse (YS. § (inches) by dry (dry-com- Water | Cement]| Fine | Coarse|PeT 1bag | (941b. (damp) (damp loose)
nfg:egale ga :;r ) weight , pacted) (US. | (9415, J(cu. f1.)} (cu. ft.) batch) | sacky) Fine | Coarse Fine | Coarse
gal.) | socks) ’ (tons) (tons) | (cu. yd.)|(cu. yd.)
. ¥ato] 1 20 3.1 1 37 28 9.7 3 6.1 89 4.07 6.64 0.65 0.99 0.t 0.73
s 3104 1 17 25 |1 15 22| 141 4 7.2 93 3.56 .59 63 9 | 4 61
Sto 7 ~l. .14 20 112 18 15.2 4 5.7 7.6 I~ 3l , 868 .60 83 47 .61
ol 1 22 34 1 19 30| 1107 3 6.9 9.5 4.40 6.14 66 1.00 St 1
% 34 1 19 29 1 16 26 1.8 3 58 83 3.95 6.83 64 95" 50 - .10
Sw7 1 1.6 23 1 14 21| 164] 4 68 89 3.50 m 60 25 A1 62
Kol 4 1 25 38 1 22 34 N4 3.] 79 | 108 [, 492 S48 67 1.00 52 n
6 314 1 22 34 1 19 30 12.2 3 69,1 96 447 6.03 .65 98 51 172
1 inch Sto? 1 19 23 1 18 25 13.1 3 5.8 80 3.95 6.83 64 92 .50 .67
%ol 1 28 41 | 1- 24 37 8.1 2 ¥ 19 5.2 5.01 70 | 100 54 13 .
6% 3w 4, 1 25 37 1 21 33 13.1 3 1.6 10.5 436 555 .68 98 S ¢ n
S 1022 33 1 19 30 13.7 3 6.9 9.6 4.54 595 K2 4 94 50 69
b %}‘x to i 130 43 1 26 39 88 2 1 63 83 5.63 430 .70 1.00 54 n
- 27 “3:10 4 1 2,7 40 1 23 36 9.3 2 55 1.6 5.24 5.18 .68 99 53 a2
. s 16°7; 1 24 36 1 21 321 W9 3 76 ] 102 486 558 65 96 51 .10
%ol 1 34,49 1 29 44 102 2 |.70 9.4 6.29 43, | N1 1:01 .56 14
- $ P 3w4 1 31 47 1 27 42| 105 2 6.5 8.5 6.04 441 |- 68 101 |, .53 14
- Sw7? 128 44 1 24 39| noj 2 5.8 83 5.64 419 66 1.01 51 14
" bw . P Wl 120 37 1 1733 ] 9¥] 3 |61 |1ws | 440 | 613 6 | 106 | @ a8
.- s Jw4 1 17 30¢ 1 1.8 27 102} 3 54 8.6 k% 696 38 1.00 A4S .n
§ St 1 14 25 1'12 22 14.8 4 5.7 93 £\ 336 8.00 55 96 A3 .70
Vil 1 23 39 1 20 35| w1 3 | 72 |1y |- 417 |5 64 r» 50 78
% 34 1t 70 34 1 17 30 11.1 3 6.1 9.6 ,|° 430 6.28 .61 .03 A7 .76
. 5107 Tad 17 29 115 26| 17 3 5.4 8338 | 696 .58 9 4 |1
e . Wil | 1 26 44, | L 22 3@) 73} 2 } $3°¢ 83 s24 | s.1s 65 | 106 1 a8
4 6 Jto# 1 22 38 1 19 34 11.9 3 69 fos 473 5.70 62+ L A3 .76
: 2 inches S 1 20 34 1 17 30° 126 3 3l 9.6 434 622 61 101 A7 T4
%ol 1728 47 1 24 42| 79, s8 | 89| s« | 430 6 | 10 s 29
i (471 s*3 10 4 1 25 A2 1 21 3.8 ] 2 st I z.l .18 524 64 1.0 .50 n
- sw? |1 22 38 119 34| 134 3 69 | 108°| 480 s62 ~ | .61 1.03 A1 7
! % % | 130 50 [°1 26 45| ss| 2 | 63 .95 | 603 .} 448 66 1 107 51 79
7 Jw4 1 27 45 1 23 40 9.1 2 55 8.3 5.51 450 KN 108 |* .50 a1
‘ . s to:7 1 24 4.1 1 21 37 9.5 2 5.1 19 518 528, | 617 1.03 A7 .16
¥l ‘l 34 55 1 29 49 2.9 2 1.0 104 6.62 4.07 68 1.07 5 T Y
: s nd 10 4 1 31 81 1 27 46| 103 2. 165 {98 629 430 | ‘.6 1.08 51 n
y 1] Sl 128 46 |1 2@ ax | 109] 27| 58 | 87 377 |48 64 | 103 50 6"
v 1 | h - v
~ M\, ) - . ‘ , . ¢
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9. By using table 3 you can quickly cstimate
the quantity of cement and aggregate requircd to
produce | cubic yard of concrete. To estimate
quantities for a particular job, multiply unit quanti-
ties by the total volume in cubic yards of concrete
to be placed, and add § percent to’cover unavoid-
able loss and waste. As an example. 120 cubic

.20 o ¢

@0 -

yards of concrete are to be placed, a 1:2.3:3.6

mix (dry-compacted volume), water-cement ratio

of 7 gallons per sack of cement, and,.¥inch _max-
imum  sizc. aggregate being used. Estimates of

quantities of materials nceded with a 5-percent

margin for loss and ‘waste are shown below.

Unit -
Concrete  Allowance  Quantity .
To Be for v from }
Placed Wastc Table Quaniity Needed
a. By volume: o . Ik
Cement 120 x 105 x 515 = 649 sacks (162 barrels)
s .Fine aggregate 120 x 1.05 Xx 053 = 67 cabic yards (damp-loose )
Coarse aggregate 120 X 105 x 072 = 91 cubic yards (damp-loose)
b. By weight: .
Cement 120 < 105 x 515 = 649 sacks at 94 pounds each
1" R = 61.000 pounds
-Fine aggregate 120 x 1.05 x 068 = 86tons( damp)
Coarse aggregate 120 x 105 - %X 099 = 125 tons (damp)

9. Mix Design with Entrained Air

l. Th od for designing concrete mixes
containifig air is essentially the same as the method
for designing those that do not contain air. Using
table 3 with some slight changes, you may estimate
a trial mix. The quantity of sand sclected from
table 3 will be reduced, but the amount of coarse
aggregate will remain the saume. The procedure as
follows applies to the design of a concrete that is
to have a given strength with 4 percent entrained
air.

2. The amount of water, to be used for the

strength required is obtained from table 2. This .

amourit of water should be reduced by 1 gallon
in order to compensate for the reduction in strength
that always accompanies the use of entrained air.
The weight of the sand given in table 3 should be
reduced about 40 pounds for the first trial. After
the first trial proportions are obtained. the pro-
cedure is identical to that of mixes using standard
cement. Expericnce has proved that a concrete
mix with 4 percent entrained air may have 1 to 2
inches Tess slump thad a concrete mix without
entrained air and still be placed easily. For a
trial mix containing 2 sacks of cement. a water-
cement ratio of 6 gallons of water per sack of
‘cement, and a 1- to 2-inch slump, the proportions
by weight, for saturated surface dry aggregate,
would be 2 sacks pf cemdnt, 240 pounds of sand,
580 pounds of coatseaggregate, and 10 gallons
of water. The weight of*sand-and-the. amount.
of water added at th€ mixer will need to be
adjusted, as described earlier. to account for the
amount of water’in the sand. ,

3. If the volume measurement is uscd. the
volume-of sand listed in table.3 should be reduced
by about 0.4 cubic foot. .

4. The small entrained gir bubbles act very

. S > .
.7

similarly to sand. They lessen the possibility
of “bleeding.” a term referring to the flow of

cement paste out of the concrete creating an ex-

tremely undesirablé condition. On large jobs the
amount of entrained air should be measured at
least once a day by the engineer.

5. Air entrainment can be done by the use of
air-cntraining cement or by the addition of com-
mercially available air-entraining compounds. °
These compounds must be used according to the
manufacturer’s instructions.

10. Mixing

1. The objective of mixing\s to insure that the
aggregate is well distributed .throughopt the con-
crete. and each particle is fully coated with a film
of cement paste. Concrete may be mixed by
hand or in a mixer. The mixing should be done
as close to the point where the concrete is to be
placed as possible.

2. Mixing ‘concrete by hand (for small jobs)
can best be done in a mortar box (fig. 10) oron a
tight wooden platform which will not leak nor
absorb water from the concrete. A measuring
device (pail. measuring box, shovel, or wheel-

-

Figure 10.  Metal mortar box.
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FPigure 11. Measuring box.
barrow) can be used to obtain the correct amount
of sand. A measuring box is shown in figure 11.

y To h‘g,nd-mxx concrete, the sand.should be .spread
uniformly in the center of the platform. Next, the
correct amount of cement should be uniformly
spread over the sand. The sand and cement
should then be thoroughly mixed with a mortar
hoe (see fig. 12). When the ingredients are well-

- mixed. the combination is of uniform graytcolor,

<

free from streaks. Then the coarse aggregate
should be measured and mixed with sand and

nt until jt is wel} distributed in the mass.
At least three-or four complete turnings are nec-
essary to properly distribute the iggregate in the
ingredients.

3. After the dry ingredienfs are completely
mixed; a depression is made in the center of the
pile to hold the water. A specified amount of
water is measured and slowly poured into the
depreasion as shovelfuls of the ingfedients are

. turned into the water. Then, the remainder of the
water is added and the ingredients mixed until
the concrete has the proper plasticity. A comcrete
"mixer is best suited for mixing concrete for large

. jobs. A concrete mixer is shown in figure 13. A
ranually charged mixer should have the dry ma-
terials measuréd into the hopper)and about 10
percent of the water poured into the mixer drum.
As the dry ingredients are poured into the drum,
approximately 80 percent of the water should be
added -along with them. After all of the other
ingredients are in the drfim, the remaining 10
percent of the water is'added to the mix.

4. Thelength of time concrete should-be mixed
varies with different mixers. Specifications usu-

ally require concrete to be mixed a minimum time-

~

ey e AR AAE a7 7T

1.HAND WHEEL AND
SKIP SHAFT
2.WATER DIAL ARM
3. WATER DIAL ’
4.WATER TANK

5.SKIP LOADER

OR HOPPER
6. MIXING DRUM
7.DISCHARGE CHUTE
8 STABILIZING STAND

Figure 13. Concrete mizer. -
T

of 1 minute for the first cubic yard and an addx-
tional 15 seconds for each additional one-haif’ ™~

cubie yard. However, manufacturer or technical
ordercinstructions regarding the operation of a
specific mixer should be followed.
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Reinforced Concrete and Conérete Structures

;.

a

MOST OF US have seen the enormous’ con-
YA crete skyscrapers of our modern cities.
It is doubtful that many of us ever thought of the
other -materials, besides concrete. that are used
in constructing thesc huge structures. Without
the great tensile strength provided by steel re-
inforcing material. concrete structures would be
ssubject to the same limitations in design ‘as those
imposed upon architects of several centuries ago.
Tensile strength-is the greatest longitudinal stress
a substance can bear without tearing apart. The
use of steel reinforcing material is responsible for
the large areas of clcar floor space (free from
supporting columns and bearing partitions) foung
in aircraft hangars, auditoriums, factories, sta-
diums,’ etc.

2. Besides talking about the material, methods.
and procedures used in reinforcing concrete with

* steel. we will also cover the preparation of con-

crete for structurcs. This will-include concrete
forms. handling and transporting, placing, finish-
ing, and curing concrete under different weather
conditions. Watertight concrete, waterproofing
compounds. and membranc waterproofing are also
discussed. ’

11. Reinforced Concrete N
1. Reinforced concrete units are metal ( usually

steel) and concrete bonded together. The patterns

of steel rods (bars) in a reinforced concrete build-
ing are designed to withstand the stresses and
strains ‘imposed by other parts of the building.
They-also permit the concrete to withstand most
of the compressive stresses. The combination of
steel and concrete forms an excellent structure
of economic design.. ,

2. Because of its tensile strength, stecl is con-
sidered th:,/best metgl for reinforcing concrete.
To make sdfc the reinforcement purposes are not
defeated, there must*be a good bond between the
steel and the concrete. Bonds gre created by nat-
ural means and are improved BY mecharical means.

. The natural’bonding of concrete to steel is brought

about by the adhesion and shrinkage of concrete’

during hydration. This action causes tfic concrete

- - . P

-

to grip the metal tigintly. The mechanical bonding
of concrete to steel is brought about by twisting
or otherwise deforming the metal. There are a
varicty of types and sizes of?einforcing mategial
used to reinforce concrete.

3. Materials, Reinforcement steel is ayailable
in rods of various sizes. They are plain. twisted,
or deformed by rolling or stamping. The indi-
vidually used rods are often woven, wcld,edj;r tied
together to construct reinforcement units. Units of
special design are constructed and placed-together
according to a ‘predetermined system or pattern.
When used for concrete floors, columns, and
slabs. reinforcing steel is assembled at the *begin-

. Ming~of the job so that it is ready for installation

when the form-work is completed. .

4. A plain rod is a straight piece of steel stock
that has not been twisted or deformed. A de-
formed rod is one that has been stamped or rolled
to form rough designs on the outer surface. Plain
and deformed reinforcing rods are shown in figure
14. .

5. After reinforcing units are constructed, they
are placed in a fdrm. and braced so. that they will
retain their shape and position while concrete is

3
-

Jwure 19 Types of sieel n-m/un‘mg'wd.\.
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Figure 15

Steel placed in a footing.

placed, around them. After rewnforcing units are
placed they should be inspected for defects such
as loose tie wires. A reinforcing umit placed 1n a
form 1s shown in figure 15 The arrow n figure
IN points out the small precast concrete block
that is used to support. fusten. and correctly space
the unit,

6 MWoven wire is a steel reinfgreing fabric
having 4 rectangular or any number of ditfferent
mesh patterns “The mesh car be purchused in
several sizes wath different sizes of wire. Tiinc
longitudinal wires are spaced and then tied
position by smaller, transverse locking wires, as
shown in figure 16

7 Welded wire fabric is commonly used as
stee! reinforcement 1n footings. walls. and slabs
Vanations in mesh are obtaned by welding.
Melding produces a more rigd. lLLs distorted
tabric than woven wire. A «roll of clded wire
fabric 1s shown in figure 17.'

8 A number ot different devices are used to
~upporn71\l correctly space reinforcement steel.
The steet rods must be correctly spaced n - rela-
ton to cach other and.the sides of the form-work.
Supports and spacers {alsocalled chairs and sad-
dies) are used in the forms to supporg and space
the rclnforcxnfz material.  Slab_bolsters. stone of

~ . ’

LONGITUDINAL WIRE

—

4 * X
= o
TRANSVERSE WIRE
[
. v
Freure 16 A sectton of woven wire,
v

% ‘ -
/
thc proper size, and precast concrete block
. with metal ties,; as shown in figure 18, are used
to support the steel. Stirrups are used to support
reinforcing material used in concrete girders and
beams. Scveral types of supports and spacers are
shown in figure 19.

Y The height of the supports used to hold the
rainforeing material in a concrete slob is deter-
mincd by the concrete protective cover specified.
Footings and other principal structural members
(against the ground or exposed to the weather)
should have at least 3 inches of concrete between
the steel reinforcement and the ground and a 2-

inch protective covering of concrete above the
steel reinforcements.

10. Anchors. Steel reinforcing rods must be
securely anchored at the ends. Three types of
anchors are shown in figure 20. They are large
washers and nuts, right angle bends, and hooks.

11. Reinforcement Structures. ~The construc-
tion of the reinforcing unit and the form-work
for the concrete should be built simultaneously

v

Figure 17.. Welded wire fabric.

TIE WIRE
|
t
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Figure |18, Precast concrete block.
»
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\ wire ties at the‘top dnd bottom of the fo‘?n-work
. ¢ serve the same purpose as the wooden blocks as
* well as to hold the steel in %lacc. Holes are

drilled through theSform-work. 4nd the wire. ties
are passed through the holes. They dre connected
to boards on the other side to hold :he wire in
place. The wooden blocks are removed from the
top of the form when the fori is fille with cop-

N

CHAIR
CHAIR ‘. SPACER

Figure 19, Types of supparts and spacers,

so there will be no loss of time. The type, size, .+ *  TIE WIRE
shape. and placement of reinforcing materials are’
specifically covered in the drawings and specifi-
cations for the structure, Walls. floors.” and col-
umns aré three of the principal structures you will
be reinforcing, )

12. Walls. Wire mesh and steel reinforeing
rods are used for reinforcing concrete walls, The
type of materials used will depend on the strength
required. If wire mesh used. the wire is at-
tached to. the wall with suitable chair spacers

whici} Support and space it corre tly. If reinforcing
rods are used, they will be'copncctcd to the wall,
as shown in figure 21. The Placement of steel
in walls is the same as placing steel for a concrete : REINFORCING
slab or floor., except that the steel s erected n ) \ BARS |
place rather than preassembled. Note, in figure 21, ] ’

that horizontal steel is tied to vertical steel wher- WIRE TIE FOR DOWEL
ever the two intersect, Eighteen-gage doft an- d AND WALL STEEL
nealed iron wire is used for. making ties. The A

wooden blocks at-the top of the wall, in figure 21, CFOONOC.:',TSEE N

are used to space the steel reinforcement o pre- .

determined distancg from the form-work. The Figure 2. Remforaing rinds naconcrete wqll.

°
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Figure 22. Steel in place in a flgor slab. ,
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L.
i crete to the level of the blocks. When constructing
high walls (6 feet or more) use additional ties’
between the top and the bottom of the form-work.
13. Floors. Steel rods are used to reinforce
concrete floors costaining girders and beams. The
reinforcements are generally placed with ‘girders
and perpendicular to beams. Steel in place in a
- «floor slab is shown in figure 22. Before placing
) concrete, be sure the reinforcing material is tied
R where the steel rods intersect. The height of the™
slab bolster -and high chairs, shown in figure 22,
will depend on the specifications for the job.
o " 14. Columns. Steel rods and wire ties are used
» {0 build reigforcing units for columns. Steel re-
inforcing units afe built in sections, as sHown in
figure 23, and the pumjer of sections used depends
on the height of the column. Where two sections
are conrfected, they overlap each®other, as shown

NN gt g apr ek 1 0

s

B - in figure 24, and are secured with wire ties. After
e the reinforcement is in place, the ‘form.worl is
5 built around it and the steel is attached to the form

1

with wire ties, as shown in figure 25. In Prder
to_build reinforcing units for various struchres,

St paE
STTE

At
¢

TIE WIRES NOT SHOWN .

-

LY -

LI Figure 23. Column reinforcing steel a::e{nblled.
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‘ Figure 24. Column reinforcing steel in place.

the individual rods myfst be bent and cut to form
these units.’ . o7 .

15. Bending andkutﬁng Reinforcement. There
are various bends used in bending steel reinforce-
ment rods. The standard sizes.of steel rods are
shown in figure 26. When large numbers of rgjn-
forcing rods of various lengths and shapes are
required, they are bent on a bar-bending table
like that shown in figure 27. Shears are available

\ L3
' EZ 7 AT U‘%’/,////f
] o v A
-~ 1 h
'{ . | -
N| , 1
I\, // .
\ - . //
, ’ X /
/] :/ N
v 5‘ 2
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N NRSSHITUNN 952 6N .

‘\.A TIE WIRE / .

v

Figure 25. Method of holding column steel in place.
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. . . . Weight (Ib . -
Bar No Diameter {in) JArea (sq in) per f{t)
. : $
....... - - = 1/4 ’ 0 05 0 17
: K J . ' 3/8 : 11 38.
. 40 1/2 v 4200 . 67
. 5« - ceen-n-n , 5/8 .31 . 1.04 . )
6 -« - - = - . .. 5; 3/4 .44 1.50 -
’ 7T = am e m e o - 7/8 . 60 2.04 ,
[ S . .79 2.67 § )
k2 3 w
- 9 - - - - - .. . 11/8 1.00 3.40 R .
, 10 = = = = = = « - *11/4 l.‘27 4,30 ) .
| R ¥ 13/8 *1.56 5.31
—~—
“~ . .
~ *The l[4-1nc31 rbund bar can be obtained only as a plain bar.
. . w:Approximate diameter. These round bars are equivalent in area to the
Obsolete 1-, 1 1/8-, and 1 1/4-1nch fquare, bars. )
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that will cat the largest size rods used for rein-
forcing ‘material. Before placing reinforcing
material, always check to see that it is free of
loose scale, rast, and-ether foreign matter which
will interfere with the bond" between the concrete
and the steel. Placing reinforcing material 4s only
. part of your overall task "in preparing concrete
structures. Now, let's discuss the other procedures
you must follow 1o properly accomplish this task.

12." Concrete Si'mctures

. 1. Portland cement concrete' is the most im-
¢ portant masonfy material used in modern con-
struction, Tt is used in all typed of masonry,
such as foundations. footings, retaining walls,
ete, As a building material, it has many advan-
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Figure 26. Standard sizes of steel reinforcing rods. !
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tages. Local material can usually be used in the
mix. It can be cast into any shape;~and in its .. Lo
plastic or fluid state, it can be readily handled and
placed in forgs. :

‘2. Forms, All forms for concrete are con-
structed by the carpenter specialist. As a masonry
specialist, if asked by the carpenter, gyou will s et
advise him in building and placing concrete forms
from the design drawings. blueprints, and sketches
for the job. Bg¥ore pouring concrete you should
check the forms to be sure that they are~tight,
rigid, and strong. Alsocheck the sides of structural .
forms to be sure the wood spacers and wire ties,
are in place. By looking at figurc 28, you can see
that the spacers hold the forms apart and the ties -
keep the sides of the form from spreading apart
while the concrete is being placed. The wood
spacers must be removed as the forms are filled
so that they will-not become imbedded in the
concrete.” An easy way to remove the spacers is
to fasten a wire to the bottom spacer, pass the
wirc through the holes drilled to one side of the
center of the other spacers. and pull the spacers ' .
{one after another) as the concrete lével rises
in the- form. This method of removing spacers
is shown in figure 29. L

. Oiling Forms. Before pouring cors:rete in
forms, be sure that they have been treated with a
suitable form oil that will prevent concrete from.
sticking to them. Oil used on wood forms should
be cipable of penetrating the wood and preventing
the wood from absorbing water from the concrete.
(1f water is absorbed from the concrete, its edges
wil'! dry up iynd cventually crack.) Lightweight
petroleum oil is good for oiling wood forms, but it

™
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] “may ndt be satisfactory for stcel forms. Spedially

4 compounded petroleum oils., stch as synthetic
castor oil and some marine engine oils.'work better
#0N steel to keep the concrete from sticking.

4. To get the mast gut of form oil, “always
apply it with a brush toicfcan“ surface. Colump
and wall forms should be oiled Before erection.
All other forms can be oiled whenever convenient,

. but must be oiled before reinforcing steel is placed.
‘ If form oil is spilledgon reinforcing material. it
will reduce the bond between the steel a7id the con-
crete. .ﬁftef_thc forms arc oiled and the stecl i§

toe place and secured. you can prepare to place the
! . concrete.  There are times when the concrete
;! “cunnot be mixed at the constrygtion site and must
be transported. \ ' e
' *5S. Handling and Transporting Concrete. After
concrete Icaves the mixer. it _must be "carefully

i Y .

— §- LR }

o)

.

A wal form,,
5 . R

-

L3
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handled and transported lo prevent the aggregate
separating from the mortar.or the water from the

other ingredients. Improper handling and trans-
porting &an spoil the most carefully designed and
properly mized concrete. Separation or segrega-
‘tion occurs becausce cohcrete consists of materials
of different siz d weights. ‘If you were fo place
a.portion of a cgfidtete mix th a bucket, the coarse,
-aggrégate partigles im\the mix would tend to settle
o the bottom.dnd the Water would rise to the top.
This would probably leave voids in the concrete

-These voids are called honcycombing and. some-
times. rock, pockels,, ) .

6. The cquipment used in handling and trans- -
porting concrete depends on the size and type of
job. If ready mix concretc is used, the concrete
should*be depasited in.the forms straight from the
truck. if possible. For the usual small job requiring

- ¢
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Figure 29. Removing wood s!acers.

no high liffs, transporting by wheelbarrow or buggy
is the most-economical method. Sometimes chutes
must .be employed in conjunction with the wheel- «
barrow and buggy in order to place the concrete -
properly in the forms. Stiff mixes require chutes
to be placed on steeper slopes. Specially designed °
buckets are used to move concrete above and
below the level of the mixer, The lifting and lower-
ing is done with a crane, The equipmient used tp

+ transport concrete shofid be thoroughly cleaned

at the end of every psriod of use,~because it is
easier to remove concrete before it has hardened. )
1. Wheelbarrows and buggiese Rubber-tired”
wheelbarrows and buggies, which farnish a smooth
ride, are preferred to those with steel wheels be-
cause less segregation of materials used .in the
mix will occur. A rubber-tired buggy is shown in

Rubher-tired buggy. - ™%,
¢ :
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\ - Eigure 31. Concrete drop chute.

. figure 30. Concrete for foundations and foundation
~wallycan be economically*transported by buggy.
‘8. If the concrete is to be deposited below or
abopt - the same\_level as the .mixer, a simple
arrangement of 2-inch-thick plank runways placed
on the ground can be used for the buggy to-ride on.
If the difference in leyel is large, then a drop
chute.. like that shown in figure 31, should be
used. Concrete can be allowéd to drop freely.
without a-chute. for a maximum of 5 feet when
being dropped in forms and 3 feet for exposed
" work, g :

§. When concrete is to-be elévated above the
mixing level, less than 15 feet aboveground, incline
runways for transporting the concrete to the re-
quired elevation can be built at low cost. When

working under these conditions,. you should use-

wheelbatrows or buggiés with a capacitf of 2 to
3 cubic feet because the larger ones are too heavy
to push up the incline. . .

10. Chutes- For-short distances, .chutes can
be’ used for transporting concrete. You should
never transport concete for long distances by
chutes or chute systems. When concrete is, trans-
ported in this manneg for longddistances, it tends
to dry aut and segregate. ° For the usual concrete

mix, the'slope of the chute should be from 2 to 3™

feet horizontal to ‘1 foot vertical. If you are
working with a stiff mix, a steeper slope should be
used. A down pipe should be prpvideg&’_?t the end
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of the chute so that the concrete will drop verti- ¢

‘ cally and not scgregate.
e » Trucks. When ‘concrete is transportdd
lnnl, dl???fnces {over %2 mile} in a nonagitating . .
truck, severe segregation will occur unless the T L . -
roadway is very smooth. In most cases the ordi- SR '
nary flat-bottomed truck with a wide tailgate is not
suitable for hauling concrete. If it becomes neces- : St
sary to use this type of transggrtation for jobs LSRRI .
calling for small amounts of concrete, you should Poas S

. ‘ first deposit the concrete iA a mortar-mixing box. - T
g ‘ You_should also slightly remix the concrete with T
am oe before placing it in the forms. When X\

e
N
+
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I

WAl

ey

+ X

large amounts of concrete are hauled, specially AN
° built truck bodies that have a rounded and sloping : e
front with the rear end sloped to a discharge gate .
should be used. This type truck body is used to o
haul air-entrained concrete over relatively longe \\\\
. distances where the conditions aré favorable. The
distance over which these trucks can haul concrete Figure 33. Keyway joint between a wall and footing. W
will depew the charactenistics of the concrete

e P S

12. Joints, Concrete expands slightly when the
temperature rises and contracts when the tempera-
ture falls. Concrete shrinks as it dries (concrete
never completely dries) and expands when it be-
comes wet. It will never expand .over a greater

e
area than whem'in its plastic state (freshly poured).
To allow for these changes and to preserve thc
appearance and thesstrength of concrete structurf
joints are used. There arc threce major_ types jof
joints: ,contraction, construction,-and eXxpansion.

13. Contraction joints. Contraction joints prg

used to control contraction cracking from tem-
peraire changes and the initial shrinkage of con-
crete. A contraction 4oint, sz«&:{imes called a
dummy contraction joint. is shown in figure 32.
The joint is formed by cutting the slab with a
concrete saw to a'depth of one-third to one-fourth
the slab thickness. This joint also gives some
relief from expansion forces Becauge” the initiak.
shrinkage of the concrete opens the joint slightly.
cracking the concrete below the joint and providing
. room for, expansion. When filling this joint. you
. shduld use a bituminous joint filling material. The

FILL WITH PLASTIC MATERIAL

and the ition of the roadways. Their use L

should be limited to where uniform batches of - use of material will prevent water from infiltrat- .
‘ concrete free from, segregation can be delivered  ing through the joint to the subgrade. If water

to the construction site. s passes through the concrete to the subgrade, it

will wash away some of the dirt, leaving a hole
in the subgrade directly under” the joint. When
excessive weight is applied to the surface above the
hole, the concrete will crack.

14. Construction joints. Construction joints
are used to separate areas of concrete p'laced at
different times. A keyway constfuction joint is
shown in figure 33 between a-wall and a footing.
If the wall and the footing are placed at the same
time, a construction joint is not needed. “The key-
way construction: joint is also’shown in-figure 34
in a vertical position. Note the beveled 2" x 4”
used to form the keyway in figuré 34. This type
of joint is generally used with reinforcing steel.
runn one section to the next. When rein-
forci%t‘:;rls not used, it is bettgg to use 2 V-’
joint like that shownin figure 35. The V-joint is
not as likely to break off as the keyway joint.

15, Expansion joints. Expz{ion joints are

S

used to relieve the forces resulting from expansmn
of a concrete structure. An expdnsion joint for a
concrete wall is shown in figure 36. A nogextrud-
ing type filler material should be used for expan-
‘sion joints. This usually consists of a preformed
BRuminous or wood material % inch thick. Make
sure the expansion joint is designed so it will
provide.a complete and uniform separation be-
tween sections of the structure. The drawings 3nd
specffications for the job will spemfy the type,
size, and spacing of joints. -
16. Placing Concrete, Before placing congrete
-we must be sure that the surface tp receive the

-

Figure 32.  Contracuion joint. conerete, the forms, and reinfqgeing material is
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properly prepared. It only takes a few minutes
to give these'items one last check.

17, The subgrade should be moistened to pre-
vent too rapid extraction of water from the con-
crefe and to aid the concrete in curing. By slowly
sprinkling it' intermittently with water, you can
saturate the subgrade without its Becoming muddy.
Be sure the surface isgfree of sawdust, nails, and
other debris before placing concrete.

18. When placing concrete in high walls, you
should deposit it jn level layers, not more than
12 inches- deep. Each layer shoui. be spaded
just enough to make the concrete settle thoroughly
and produce a dense mass before the next layer
is placed. The method of spading and consoli-
dating a concrete wall is shown in figure 37. When
you get ready to pour the last layer of concrete.

at the top of the wall, overfill the form*2 to 3 ° -

inches and remove the excess concrete after it has
stifiened slightly. This will remove the' weak
watery concrete at the top of the form. '

o by

“FORM SHEATHING P
=~ ~ "v'* JOINT

JULKHEAP .

'
Freure 35,7 Tdp view of vertteal Vot for Wil
L4 .

, .. 24

L) ) REINFORCING BARS

“METAL WATER STOP

-/ -
JOINT FILLER

» ,
Figure 36. Top view of expansion joint for wall. .

9. If you have to stop placing concrete in the
wall for a long period. of time. or at the end of
the days work, you should roughen the top surface

of the wall just before it hardens. This will pro-
+."vide a good bond for the next layer of concrete.

Before starting to place conerete again, you $Htould
clean the roughened surface and apply a thick
Creamy coat of cement-water paste with a brush
just ahead of the freshly placcd concrete. This will

_give you a gmynd between the diﬁc;ent layers
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ot concrete and alsolenable the wall to be water-
tight. i -

20. If concrete isi to be placed in a slab. it
<houly be placed at the far end of the slab forn).
working back *to the sburce of the conérete. This
method of placing coberete is best because you
never have to work over the Meshly placed mix.
Be sure that each batch of concrete is dumped
against the previously ‘(‘pluccd concrete and not
away from it., You should never dump concrete
in piles and work the piles tegether because this
causcs severe scgrcgation\of the concrete materials

21 Consolidating. All cgncrete. with the ex-
ception of that placed under water. should be
tumpacted- and «worked into place by spading.
puddling. or by mechanical vibrators. Compacting
Jevices. such as spades or puddling sticks. long
enough to rfeach the bottym of the forne and thin
cnough to pass Bc:&“ccn the renforcing material
should be used. Consolidation climinates rock
pochets and large air bubbles amd brings cnough
finc material to the surfaee to produce the desired
fimsh In the process of consolidation. you should
varefully work the concrete around the reinforcing
teck 1o asture proper embedding of the steef in
the concrete. When consolidating, try to avoid.
.isplacing the reinforeing steel because the! strength
of the concrete structure depends on its proper

~ocation

22. Concrete can be effectively consolidated by
usitiz mechanical vibrators. With vibration. it is
passible to place mixtures too stiff to be piaccd
by hand. Stiff concrete mixes require less cement.
and are more cconomical. There is also less
danger of segregation in this type of mix. The
mix should never be so «tiff that an excessive
amount of labor i§ required to place it.

23. "The internal vibrator involves insertion of
a vibrating element into thc concrete. The ex-.
ternal type is applied to #h¢ forms. They are -
Powcered by electric motor. gasoline engine. or
compressed air. -

24. The internal vibrator should be imserted
in the concrete in,a vertical position. at intervals
of approximately 18 inches to allow some over-
lap of the'area vibrated at cach insertion. Jt should ~

also pass through several inches of the previous ~

layer to insure a goud bond between layers. You
will know that sufficient vibration has taken place
when a thin line of mortar appears along the @rm.
When you areusing an internal vibrator, as shown
n figure 38. be careful not to let it contact the
forms because the vibrator could damage them.
Mixes that are not too stiff and can be consolidatéd
by spading or puddling should not be vibrated be-
tause vibration of this type mix could cafise
segregation. - ) '

25. External vibrators are rigidly attached to

‘forms, because the vibratory

‘sidewalk, ctc.. has been placed.

I :
boeC

ENGINE OR MOTOR-
.- FLEXIBLE

>
.
.
.
T

> PNEUMATIC-RIGID

I-u.;m' 38, Ruad and flearble handled mternal vibrators.

the energy of the form vibgator is absorbed by the
tion must be
tragsmitted through the forms tp the -concrete.
Form vibrators should not be plaged farther apart
than .the radius through whicly/the vibsation is

. visibly ‘cffective.  Yod should faise the vibrators - .

as the-forms are filled, but keep ‘them bclow the
level of the concrete. The distance onThe form
below the level of the concrete at which the vibryg-
tor is placed depends’on the cohsistency and thi‘ct-
ness of the concrete. Aswith internal vibrators, *
sufficient vibration has taken place when a thin

line of mortar“appears.on the edge of the forme

* After the concrete has Been properly® vibrated:,

you should immediately start the finishing opera-
tion before the concrete starts to set. °~ .~
26. Finishing Concrete, After a floor slab,
top.surfage is
rarcly a the cxact clevation desired. The process-
of striking off the .cxcess’ concrete. to bring=the

surface to the proper-elcvatiogﬁ's called*screeding. —~

In this operation a templct ok a straightedge (a
2 x 4 or 2.x § board with astraightedge) is moved
back ahd fofth agross the concrete with a'sawing-

motion, as shown in figure 39.- The templet rides

on“wood or metal forms that arc used as guides®
With cach sawing motion,~the templet is moved

forward a short_ distance. You should always -

keep a-small amount of concrete ahecad- of the
templet to fill in low<spots and maintain a level
surfatc as the templet is moved forward. If there
is a tendency forsthe templet to tear the concrete
surface, the rate of forward movement should be
reduced, or the bottom edge. of the’ templet cov-
cred with metal. In most cases, just slMpg the
templet will stop the tearing aétion. You will
encounter this tearing problein @fién ‘you use
air-entrained concrgle (because- ofédis sticky na-
ture). ‘After the contrete is struck off. a hand”
tamper, bettec.known as a jitterbug, can be used -
to further compact the concrete into a dense

mass. A hand tamper, or, jitterbug, is shown in

»

<the forms by means of a clamp or vise. Part of

= . . 25
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Figure 39. aScreeding aperation.

#" . figure 40. Now that the concrete is-leveled off

' and -tamiped, it may be neccssary to float, trowel,
broom. or rub the surface, depending on the finish
desired. . ‘

* 27. If a smaother surface is required than one
obtaingd' by screeding, the surfacc shoukd be
worked” sparingly with a wood or metal float
or a finishing machine. Figures 41, 42, 43, dnd
44 illustrate a-wood float, a long-handled wobdd
float, a steel trowel and edger, and a typical power
trowel for finishing concrete. The floating process
should take placé shortly after screeding and while
the congrete is still plastic and workable. You
) should" climinate high spots; fill in low spots, and
;- ™eat the sameltime. bring sufficient mortar te~the -
- surface.to produce the desired finish. Do not over-

“work the concrete while it is still plastic. because

' this will'bring an cxcess of>water and mortar to
the surface. A mixture of water and, mortar will

N

Figure 40

Hand wamper, or itterbag

Figure 417 Wood float.

4
form a thin, weak layer which will scale or wear
off under usage, as shown in figure 45. Where a
coarse finish 5 desired (as the final finish), you
should float the surfuce a second gime after it has
partially hardened. When working on large con-
crete slabs, use a long-handled wood float, as
shown in figurc 42. Beforc we go any further
with the finishing operation, let’s edge and joint
the concrete before it becomes too stiff. b

28. Where cdging is necessary./it should be™

donc immediately after the floating and before the
concrete has stiffencd too much. Edging will give
you a rounded edge that will prevent chipping or
damage to the concrete slab. You..should run
the edger back and forth between the concrete
and the form until a finished edge is produccd.
You should be very carcful that all course aggregate
particles are covered and that the edger does ‘not*
leave too deep an hmpression in the surface of the
stab.” Too deep an impression in the top of the
-slab may be difficult to_remove with the final
finishing operatidns.  An edber was shown in
figurc 43.

29. Now that we ha® cdged the concrete. the
next step is to joint {groove) the slab. The cutting
edge or bit of the jointer tool cuts joints in the
slab called contraction joints. In sidewalks and

-
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Figure 43.  Steel trowel and edger.

driveways, contraction joints should be spaced
at intervals equal to the width of the slab, but
never more than 20-foot intervals. It’s a good
practice to use a straight board as a guide when
you are cutting joints in the concrete. On large
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Figure 45. Scaling due to overfinishing. .

surfaces, joints can bei cut with an electric or a
gasoline-driven power:saw. Joints made with a
power saw should be jcut within 4 to 12 hours
after the slab has been placed and finished. A
jointer or groover is shown in figure 46. Now
that the slab is edged and jointed, let's continue
with the different finishes for concrete surfaces.
30. If a dense. smooth surface is desired,
floating should be followed by steel troweling.
Steel troweling operations are shown in figure 47.
You should perform thi$ troweling operation after

the moisture film or shine disappears from the
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Figure 47, Trqweling operatio,
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. in troweling resuits in

*Hoated surface and -the concrete has hardened
enough to prevent the fine material and water from
working to the surface. Excessive and too-carly
troweling tend to produce crazing (break into
pieces) and, lack of durability; too long a dclay
a surface that is too hard
10 finish properly. The usual tendency is to start
to trowel too_soon, Troweling should leave the
surface  smooth, ceven, and free of marks and
-ripples. Spreading dry cement on a wet surface
to take up the excess water is not*a good practice ,
if 2 wear-resistant ang durable surface is required,
If cxcess water is prestnt on the surface of the
skab. finishing operations should he delayed until
the water has ~evi)poratcd or been carcfully blotted
up.. s .
To obtain a surface that is finc-texturcd
but not slippery. you should trowel “over the
surface- with a circular motion immediately after
the ﬁrgdgﬁregular troweling. In this process, you
should *keep she trowel flat on the surface of the
concrete. " W - e

32, Where 4 hard. steel-troweled finish s
required,
followed by a second troweling-after the ‘concrete
' that no mortar adheres to
and a ringing sound js produced as the
trowel is passed over the surface. When you are
giving the surface 3 final troweling, you should
hold the trowel in g slightly tilted position and
apply heavy pressurc S0 that the surface s
thoroughly compacted.

33. Hairline cracks in a slab are usually
caused by a concentration of water and fines at

PR——— R il

Rapid dryingv will also

‘cduse 'craEking. Voids that develop prior to trowel-

ing usually can be closed
with a hand flogt, .

34, If a nonshid, surfuace js desired.,
produced by brooming the

by pounding the concrete

it can be
concrete before it has

. thoroughly hiitdencd. You should carry out the

28 .
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_;___s,tapted-immcdiatcly.

g A

the first regylar troweling s@ula.‘be"_

brooming operation immiediately after the slab has

been floated. “For some floors and sidewalks where
severe scoring is not desirable, the broomed finish

finish. Where rough scoring js required, use a
stiff broom made of steel wire or some type of
coarse fiber. Always broom the. concrete in such
4 manncr that the direction of the scoring is at a
right angle to the direction *of traffic,
35. Another method of producing a nonskid
.surface is to drag a wet'burlap belt longitudinally
along the length of the strip. The burlap must be
clean and kept wel saturated. After the desired
finish is obtained, the Curing operation should be

36. Curing Concrete, One of the most im-
portant jobs in any concreting operation js properly
curing the concrete. Regardless of the care taken
in mixing, placing, and finishing concrete. a poor
finished product may result without proper curing.
The object of ‘curing is to prevent or” replenish
the loss of necessary moisture during the carly,
relatively rapid stages of hydration.* You can

accamplish this &y heeping the cxposed surface

continuously moist. This can be donc by continu-
ously spruying or by keeping the surface covered
with a wet covering of burlap, canvas. or building
paper. When building paper is used, the concrete
surface is moistened before the paper is applied,
As so0n as the concrete has hardencd cnough so
that the surface will not be marred. you can replace
the burlap. canvas. or builds 2 paper with cover-
ings of carth. sand, or stfaw that has been kept
moist for at feust 3 S

37. Another methbd of moist curing is pond-
ing. This is done by keeping about-1-inch of water
on the concrete-surface, “The water can be con-
fined by carth dikes around the edges of the slab.
Early drying must be prevented or ‘the concrete
will not reach its full potential strength.

38 Concretc surfaces can also be cured with
commercial curing compounds (containing wax or
resin) if they seal the surfage without penctrating,
With the use of curing*Eémpounds. the concrete
will cure for un indefinite period of time while
the <lab. sidewalk. etc. are in use. When using
curing compounds. you should follow the nran.
ufacturer’s instructions for application. Precau-
tions must be taken when placing. finishing. and
curing concrete  in excessively hot or cold
temperaturds.

39  ColdXWeather Concréting. Concrete placed
when the ajr Emperature s less than S0 F. s
classified cald-weather conerete, and certain
precautions are pecessary for cold-weather con-
. creting, Concretes hardens alowly and  gains
strength stowly at Jow temperatufes *If the con-
crete freezes during the timg 2 days after p}:‘w{ng.
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it will be severely damaged. You should never
place concrete on a frozen subgrade because of
the danger of scttling when the ground thaws. Be-
fore placing concrete in forms, be sure you remove
all ice. snow. and frost from the forms and rein-

forcing material. You can cfficiently do this with
live stcam. [f protective covering is required, it
should be nstalled as completely as possible before
the concrete is placed. After the concrete is gaced,
the remainder of the covering should completely
inclose the freshly placed concrete to minimize heat.
loss “If warm concrete is to be placed on a cold
surface of hardened concrete. the hardened con-
crete nuist be warmed and its surface sufficiently
moustened before the new concrete is deposited.
The precautions to be taken 1n cold weather
depend upon the air temperature. Suitable pre-
cautions for three different temperature classi-
fications are as follows

e 40 1o 50° F For .r temperatures of 40°
to S0 F . the temperature of the placed concrete
<hould be from 60° to 70 F - You can produce a
placed concrete mux of 607 to 707 F. by heating
the mixing water and aggregate. if necessary. o a
temperature between 707 and 80 F when 1t 1s
placed m the mixer  For permancent construction.
the placed concrete must be cured at a tempera-
ture of S0 F for Sduys or 70 F for 3 days Jf
pigh-carly-strength cement s used. the curing
period can be reduced to 2 dins at 707 F or 3 days
at SO F

e 32 o 40 F. For air temperatures from
32 w 40 F . high-carly-strength cement should
be used. or 2 pounds of caleium chlondc per sack
of cement should be added to accelerdte harden-
ing  Ako. you may hine to heat the forms to
remove ice. snow. or frost  The concrete tem-
perature at the ume of mixing should be from 70°
t.80 F  You can obtain this temperaturc by

heating the water or heating both ‘the water and

aggregate  In no case should the concrete, mixing
temperature eneeed 80 F  mgher temperatures
will reduce 1ty strength Remember. the curing
conditions deseribed 10 the previous classification
“must be_provided ¢ -

e 0 w 3I2F For arr lumpuraturu in this
range. high-early -strength cement should be used.
however. 1f this type of cementops not available.
calcrum chloride should be added in the amount
of no more than 2 pounds per sack of ordinary
cement. Calctum chloride s an accelerator which
cnables the concrete to .develop strength more
rapily  The aggregate and water must be heated
to provide 70 to 80 F, concrete temperature
at the miner  {t v gho advisable to heat the forms.
Cunng conditions as described in the first classi-
ficaion. must by provided  After the reguired
winng peniod. the conerete can be allowed o codl

———ter-the temperature of the atmosphere. regardless

,

of how cold it is. You should never attempt to
place concrete in temperatures below 0° F. unless
the amount of concrete is cxceptionally small
and can be easily protected.

40. If concrete is frozen before it has taken
its initial set, it will not be damaged if thawed
out rapidly and properly. It will later develop
almost the same strength and durability as it
would have if freezing had not occurred. Rapid
thawmg it done with the use of heated inclosures.

41 The freezing of concrete before it sets up
will cause the water to ecxpand and disr};pt the
bond between the cement and aggregate particles.
If the freczing occurs after the concre has set up
and after it has been cured as reqyifed, thiere will
be no damage.

42. Heating the mmng water is the most practi-
cal means of warming the concrete. Water, is not
only easy to heat, but each pound of water heated
to a given temperature has roughly five ‘times as
many heat units stored in it as are stored in a,
pound of aggregate at the same temperature, Water
is commonly heated in a boiler by live steam or by
heating coils. <The temperature of water should
never exceed 165%"F. because of the danger of
causing a quick flash set of the cement. Mix- the
hot water with the aggregate so the mix tempera-
ture will be below 80° F. before vou put in the
cement Take care so that the hot water does
not come immediately into contact with the
cement.

43. Hot-Weather Concreting. During hot
weather. precautions shogld be taken to maintain
concrete temperatyre during curing at not more
than 85 10 9Q° F. There will be climatic con-
ditions where this limitation capnot be observed
Mixing. placing. and curing concrete at high tem-
peratyres affect it in three different ways:

(1) The strength of concrete that is mixed and
cured—at-high—temperaterc is never as great as
that of concrete mixed and cured at temperatures
below 70° F.

(2) The cracking tendencies arc increased be-
cause of the greater range between the high tem-
perature at the time of hardening and the lo»g
temperature to which the concrete will later drop.

(3) Concrete which is mixed. placed. and cured
at high temperatures has been found to fail sooner.
as a result of repeated cycles of moisture and tem-
perature changes above the freezing point. than
concrete which is mixed. placed. and cured at
lower temperatures.

43 You can lower the temperature of a con-
crete mix by any of several means. These means
include (1) Using cold mixing water (slush ice

cun be used 1n extreme cases 10 cool“thE"water),
(2) avording the use of ot cement. (3) qooling
the coarse ag;_.rc«'ate by sprinkling, (4) insulating
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mixer drums by cooling them with ‘sprays or wet
burlap coverings, (5) insulating water supply
lines and tanks, (6) shading materials.and facilities
not otherwise protected from the heat, and by (7)
working only at night. :

*45. Concrete curing is difficult to accomplisk,
in hot weather because the water evaporates rap-
idly. However, it is especially important in hot
‘weather because of the greater danger of crazing
and cracking from rapid loss of moisture. There-
fore, moist curing, especially ponding, should be
used. P .

46. Cleaning Concrete. Concrete surfaces
frequently become discolored. If appearance is
important, the surface should* be cleaned. You
can clean the surface with a cement-sand mortar .
Consisting of 1 part portland cement to 114 parts
fine sand. You shouid apply the mortar to the
surface with a brusl after all defects have becn
repaired. If a light-colored sugface is desired, white
portland cement can be used. Immediately after
the mortar has been applied. you should scour
the surface vigorously with a wood or cork float.

* After a period of T to 2 hours. remove all excess
mortar from the slab with a trowel. This will
allow sufficient time for the mortar to harden
enough so that the trowel.will not remove it from .
the small voids in the slab. After the surface has

s dried. you should rub it with dry burlap to remove .*
any loose material. There should be no visible
film of mortar after the rubbing operation. When
you are working on large concrete surfaces, com-
plete one section without stopping before starting
on the next. : :

47. Purface stains can be washed with acid if
the staining is not too severe. You can do this by
first wetting the surface. and while the surface
is still damp. scrub it thoroughly with a 10-per-
cent solution of hydrochloric acid. Ydu should
then remove the acid from the surface with clean
water. If acid will ot remove the stains, they can
be removed by sandblasting. When you are han-
dling acid, wear goggles to protect your eyes and
loose clothing and gloves to protect your skin.

48. Watertight Concrete, If you intend for
concrete to be watertight, it must be as dense as
possible and moist-cured for a longer period of -
time than would be Necessary if watertightness
were not important. Listed below are six require- ~
ments that must be followed if you are to have

watertight concrete:
(1) Nemore than 6 gallongof Water shoufd
be used per sack of cemént, .

(2) The concrete must be workable so it will
not be difficult to place. ’
» (3) The aggregate must be sound and have low
porosity to prevent it from absorbing water,
(4). The concrete must be properly placed and
~ . thoroughly compacted. :

30

(5) The” concrete must be maintained at a
temperature of 50° F. and be kept moist
throughout the curing period.

(6) Reinforcing steel must be used to prevent
the concrete from cracking.

49. Waterproofing Compounds, Waterproof-
ing compounds are divided into two classes. The”
first includes tompounds mixed with the.concrete.
They consist of finely ground clay or hydrated
lime. The second consists of surface washes, which

« are recommended oxer the mix compounds,

50. Thefc are a number of surface washes ,
or coatings “that give good results and they are
Sold under various trade names, Bituminous coat-
ings, emulsified asphalts, mastic cement plaster,
metdllic powder. and portland cement paint are
among the suitable waterproofing compounds. All
of these deteriorate with time. You shéuld always
apply surface washes according to the. manufactur-
er’s specifications. When backfilling against a
foupdation that has been waterproofed. be care-
ful not to damage the waterproofed coating.

51. Membrane ‘Waterproofing. Mémbrase
waterproofing isythe most effective method of
preventing the passage of water through concrete.
ol he method normally used on horizontal surfaces
consists of first coating the surface that is to be
waterproofed with hot roofing asphalt. You
should apply the hot material.with a mop as soon

+as the concrete- surface is dry enough to allow

the Hot asphalt to stick to the surface. One layer
of ;A fing felt is_placed on this coating while.-jt
is still hot. The layer of roofingfelt is then mopped
with hot asphalt and a second layer is placed
over the first. You can use a push broom to spread
the roofing felt. The secogd layer of f?lt‘ should
also .be coated with hot asphalt. Cool tar can
3c substituted for asphalt. On vertical surfaces. .
a4l thick trowel coat of bituminous plastic material
is applicd to the concrete surface and a layer of
flexible bituminous-treated burlap is embedded in
the trowe] coat.
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SEVERAL centuries "ago man accomphshed

heavy stone construction by using adgz;ugewv

materials to hold the stones together, “Ancient
Egyptians laid mud between each coiitse of sun-

dried clay brick. At a later date. they burncd®

By gypsum (hydrous calcium sulphate).-and mixed

the end product with sand and water to_use &s
a mortar in the joints’ of their stonework. The
biggest advance in moftar was madg in 1824 when
Joseph Aspdin manufactured an ur?ﬁ?ﬁileg cc-
ment. produced by heating a mixture of limestone
and clay and crushing- the mixfure to a_fine-
powder. He called this powder ponland cement
because it resembled stone found in various quar-
ries on the Isle of Portland., England. For this
reason, Aspdin is recogmzcd as the father of
modern portland cement. -

2. As a masonry specialist. vou will use this
modern portland cement or ponland masonry
cement with sand and water to lay masonry units.*
Masonry cement has additives, that make it adhere

> better to masonry ufits. You will build structures

with this mortar and various type of masonry units.
such as brick. block. tile. etc. How well mgwl‘garn
your job depends on you. By properly accomp-
lishing your duties as a mason, you will become

Mortar and Plaster

more skilled in your job and this can also mean
more money for you.' You probably ask how?
Well, the better job you do for your supervisor,

‘the faster you will be promoted and a promotxon

means a pay raisé. The material contained in this
chapter will help you,accomplish 'this task. Our ’
discussion covers the materials, methods, and
procedures for properly preparing mortar. -Plaster
basés. use of plaster. and repair of plastered sur-
faces are also covered. Before y lear the pro-
cedures for laying masonry unlts,. you musgt first’
learn to make mortar.

‘

13. Mortar

1. Mortar is defined as “a combination-of ‘ce-
ment. sand, and water mixed in the correct pro-
portions. "o, produce ' a mix of workable
C(mshtcncy -

2. Mortar for Masdnry «Units. The -rhortar
commonly used for laymgamasonry units is made
with masonry cement. If this cement is not avail-
able. you ean use normal ponland cement and
hydrated lime mixed ig the proper proportions.
The rccommended amount, -df miterials pro-
portioned by volume for mortar ‘mixes is shown
in figurc 48. Mortar made with these mixtures

’ ey
Mortar sand i <
. in damp, Hydrated
Type of Service .
P ; Cemenf loose lime ,
] . condition ’
For ordinary l =masonry cement 2003 -
service ) or ’
. I =portland cement 4to b )/l tol-1/4
Subject to heavy l =masonry cement 4to 6 -
loads, violent plus 1 =portiand
winds, and se’ cement
vere frost action ) ‘or
: I=portland cement 2t 3 0Otol/4
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' A
wit. produce a strong, bond between masonry
units Good mortar is necessary for good work-
manship. Since mortar must bond masonry units
into a strong, well-knit. watertight wall, it must
contain a number of desirable properties. Let's
examine some of them,

3. One necessary psoperty is workability. Mor-

" tar is said to be workable when it spreads casily

and remains firmly in the mortar joints. A work-
able mortar will always adhere to masonry umts
There is no need to add_agents (lime. etc.). t
mortar made with masonry cement. because thc
cement itself produces the desired workability
The workability also depends partly on good
mortar sand. Mortar made with masonry cement
also has good water retention. which _prevents
rapid loss of moisture when used with dry masonry
units. It willealso remain soft dnd ptastic long
enough for you to aline and level the masonry
units. To avoid the rapid loss of water from suc-
tion. some masonry units must be momtencd before
they are used. ®

4. You;should never wet “the concrete block
to control?/he loss of meisture becausc a concrete
block wg not absorb water_from the mortar like
other types. of masonry units. Masonry units.
such as clay brick, tile, etc.. must be wetted before
they are used. The use of entrained air will add
to the workability and water retention of the
mortar. Now let’s discuss the other materials you
will use to make a good mortar.

5. Aggregate. To make a good mortar, you
must use sand that is free of dirt. vegetable matter.
and salts. You can even produce a better mortar
if the $and is uniformly graded and proportionacly,
mixed. In a well-balgnced aggregate mixture, a
certain pqrcent'age of the sand must pass throught
a sieve of a-given size.
the percentages of sand thawshould pass through
the sieves are shown in figurc 49. There are
several types of mortar sand, cach having its own
chamctcnsﬁcs,. 50 it would be difficult to specify
the cxact ymount to use in’ preparing mortar
There should be enough particles of fine sand

\
1y

Sieve i Percentage of Sany
Numbere'i Passing Through Sieve
g 100
8 97
16 ! 84
30 - 1 . 50 .-
° 50 . 27
. 100 1 : 6 N
F:L'nn'g-lo Graded morten sund mizxes.,
a { T e e e

v
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0 that when coated with cement paste. they Aill
to avoid the ma]or voids between the coarser
sanq particles.” An excessive number of fine sand
particles requires more cement paste than a well-
graded mixture. <,

6. Water. The water used for making mortar
should be as pure as drinking water. It should
be free fro emicals, such as salts and alkalies.
Large amounts of these chemicals or organic
matter will affect hydration and the quality of
mortar. To have the best possible mortar, the

“ materials must be properly wetted and thoroughly

a

mixed.

7. Mixing. Machine mixing should always. be
used except on jobs where the requirement for
mortar is small. After the proper |n2red|ents have
been proportioned and placed in the mortar box
or mixer. the quality of mortar will depend on the
mixing time. You can improve the quality of
hand-mixed mortar by mixing it for a long period.
of time. The same tools.are used: to-mix mortar
and concrete. These tools were explained and
illustrated 1n Chapter 1. ~ .

8. Mortar that has stiffencd” on the mortar
board should be retempered to regain its work-

. ability by remixing and adding more water. After

mixing the mortar. you should use it within 2 to
2% hours if the temperaturc is 78° F., or hlgher
If the temperaturc is below "78° F.. the riortar
should be used within' 3%2 hours. Any mortar

“you don't use® within the time indicated should be

36

disposed of. .

. , .

14. Plaster

1. Plaster is a facing material that is applied
to walls and ceilings. When plaster is used on the
exterior of buildings and structures. it s referred

L4

The sieve numbers and ™ to as stucco. The most commonly used plasters
y

are gypsum, Keene's cement. and portland.cement
They are usually applied in three coats: scratch.
brown. and finish. Before we talk about the types.
uses and proportioning of plasters. let’s discuss
the different bases used for.plaster.

2. Plaster Bases. Thcre are several bases to
which plaster is applied.  Wood. metal. and
masonry laths are the most commonly used bases.

3. Wood. Wood laths are thin strips of wood.
approximat 1% inches in width. with rough
surfaces. THhey are nailed on wooden studs. The
laths are spaced % inch apart at the edges and
4. inch apart at the ends. The ends of the lath
should be staggered on: the studding to provide a
stronger base for the plaster. Wood laths must
be dampened before plaster is applied to prevent
them from drawing moisture from the plaster.

. 4. Metal. Plywood shecting covered with
building paper and metal lath is used as a plaster
base. Metal lath provides an exceltent key (bond)
for plaster. It must be galvanized.or coa;ed with

1
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HEXAGONAL WIRE MESH LATH
Figure 50. Conunon types of metal lath.

Ll

rust inhibitive paint. You should never use un-
coated metal lath because it rusts and corrodes’
rapidly in plaster. There are several different
kinds of metal lath available. Flat expanded dia-
mond mesh metal lath, expanded stucco mesh lath,
and hexagonal wire mesh lath are the most com-
mon. These three types are shown in figure 50.

5. The openings in metal lath should not ex-
ceed 4 square mches in area. Metal lath used on
interior walls and ceilings has smaller mesh open-
ings than that used on exterior walls, This is be-
cause of the fine grade of plaster used to obtain
a smooth finish on interior work. ‘Metal lath for
stucco is attached to exterior surfaces with special -
furring nails after the surface is covered with
waterproof building paper or felt. These nails,
hold the reinforcement steel lath in place and
«here should be 2 minimum space of 4 inch be-

. Types of Furring Nails

» Figure 51. Types of furring nails. —
tween the supporting structure and reinforcement,
The different types of furring nails are shown in
figure 51. .

6. Special metal lath (corner bead), shown in
figure 52, serves two pufposes, in plastering,
Comner bead laths reinforce external corners and
also serve as a guide, or gage, for acquiring a uni-
form thickness. Gomner bead$ are manufactured i i
in two all-metdl strips: the bullnose bead, which
has a wide radius bead and i\dgsignea especially
for corners receiving hard usage? and the standard
bead, which has a very small radius bead. and is
designed to provide sharp, clean corners. The
bead shown in figure 52 is the standard bead.

7. A corner lath for interior corners is an'
angle-shaped strip of lath, with 2- to 3-inch legs.
It is used to reinforce interior plastered corners to
prevent them from cracking. If preformed strips
are not available, you can cut them from metal
lath sheets and form them on the job to fit the
particular corners in which they are to be installéd.

8. Take care when fastening any type of
corner lath. Fasten the corner lath at its edges,
using staples over wood lath and tie wires over
metal lath. Be sure the corner lath is not fastened
by nailing through to the superstructure because

“stresses in the framing will then be transmitted
directly into_ the plaster-and cause it to crack.

9. Masonry. When applying portland cement
plaster or stucco to any masonfy surface (brick,
block, concrete, etc.). be sure to obtain a good
bénd. A good bond with masonry surfaces .is
dependent on two factors: mechanical bond and
suction. If the surface is coarse enough for the*

CORNER BEAD

Figure 52. Corner bead.
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plaster to cling, it has good mechanical bond
characteristics. Suction is the amount of moisture
the masonry will absorb, aiding fresh plastering
material to stick to the base. You can check a
, masonry surface for good suction by spraying it
with water and observing the reaction of the
masonry. If some of the water is not drawn in,
it is mpossible” to .obtain a good bond. In this
case you will have to use metal lath to key the
plaster to the masonry -Weathered masonry sur-
faces may have too much suction. When you
apply plaster to this_type of surface, the’ plaster
stiffens quickly and becomes difficult 1o work. To
stop this from happening, spray (not spak) the
masonry with several applications of water. It is
also important that the, suction be controlled uni-
formly over the entire_masonry surface. If vou

. foundation settlement.

x4

the materfal td harden to produce a rough surface.
You should never trowel a dash bond coat. Be
sure it has set before you apply the plaster. If -
the dash bond coat fails to give a good mechanical
bond, you will have -to cover the surface with
building pdper and metal reinforcement lath be-
fore plastering. Regardless of the efforts spent
preparing a-surface for plaster, it may still crack.
Although we can’t prevent plastered surfaces from
cracking, we can control the crackmg by the use
of cantrol joints.

11. Control Joints. Cracks can devtlop in
plaster or stucco surfaces forvarious reasons, such
as building movement, sf;rinkagé stresses, and
It is difficult to prevent
cracking from z}ll possible causes, but it can be
controlled by dividing large areas into rectangular

do not wet the surface evenly, some parts of the
masonry will draw more moisture from the plaster
than others and the final finish may be spotted.

10. If a masonry surface is dense and smooth.
a good bond cannot be obtained unless the surface
is roughened. There are several ways you can
roughen a masonry surface. QOne way is to chip
the suiface with a brick hammer. If this method
is used, at least 70 percent of the surface should
be roughened and the marks or chips should be
unifprmly spaced over the entire surface. A brnck
hammer is shown in figure 53. You can also
roughcn the surface with a power-drxven roughen:
ing machine. This machine is equipped with a
series of.steel cutters mounted to provide a fidiling
action which results in a scored pattern. Another
method -of roughening the surface, when workmg
with portland cement plaster, is toapply a dash
bond coat. A dash bond coat consists of one
. part portland cement and one to two parts sand
mixed with the correct amount of-water to “give

the mix an adhesive consistency.. To apply this.

mix, you dip a long stiff-fibered brush in the mix
and splatter the material on the surface. Alow

sections by mear‘c s of metal control joifits. A con-
trol Jomt in a 'concrete wall ready to receive
» stucco is shown in figure 54.° ¢

+ 12, walls and ceilings should be divided into
rectangular panels , with control" joints spaced a
maximum of 20 feet,apart. The metal used for
control joints on exterior surfaces should be
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* weathergroof arid corrosion-resistant. When plas-

ter or stucco is applied to metal reinforeement

SIEVE PERCENT RETAINED »

or directly to a masonry surface, control joints
must be installed directly over all existing. jouints
in the Wall.

-

13, Types, Uses, and Proportioning of Plaster.
There are various types of plaster, and -they are
similar in composition and method of application.
to fulfill certain basic

Each is designed
tequirements.

- - -14. Gypsum plaster. Gypsum plaster is the

¢

most widely used plaster and is the type mest

generally used for interior construction. It can-—-

be readily applied to interior lath, interior masonry-

surface, .and metal lath surfaces of+ exterior

masonry. 4

1 Iz/ The proportions for gypsum=plaster used
.in the scratch coat consist of one part plaster to
two parts sand. (When the scratch coat is to be

. used over masonry units, the mix should contain

~

one part plaster.to three parts sand). The brown
coat consists of gne part plaster to two and one-
half parts sand, and the finish coat consists of onc-
fourth part plaster, threefourths part hydrated
lime. and three parts sand. ’
s 16 Keene's cement plaster. Keofiehs cement

plaster produces a very hard, moisture-resistant -

surface suitable fer“rooms or surfaces subject to
hard usage and in areas subject to continued
moisture conditions, such as bath or shower rooms
Keene's cement plaster can only be applied over
gypsum zlaster. bases and is generally used as a
finish coat. Always apply Keenc's cement plaster
in accordance with the manufacturer’s instructions.
17. Portland cement plaster. Portland cement
plaster may be applied directly to interior and
exterigr masonry surfaces. When used elsewhere
it should be applied over metal lath. Portland
cement plaster is not suitable for application over
gypsum plaster. Each coat of portland cement
plaster must be moistened with an even fog
spray of water before thc next coat is applied.
This will prevent tHe hardened plaster from draw-
tng moisture from the freshly placed plaster, caus-
ing it to cventually crack. ¢
* 18. The proportioning of por\j%h, cement
plaster consists of one part portland ent and
three to five parts damp. loose aggregate for the
scratch and brown coats. Hydrated lime may be

" added to the mix af a plasticizer (to make it more

workable) but the amount used should not exceed:
1Q percent by weight or 25 percent by volume of
the ccment used. When available. you should use
masonry dement because it alréady contains plasti-
cizers. By using this cement you can simplify job
site proportioning and mixing, because only sand
and water are added to masonry ccment.

19. When preparing the finish coat of plaster.
you will get truer colors and better appearances

®
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Figure 55 Gradation of aggregate.

-

if you use white portland cement and a fine-graded,
light-colored sand. This mixture consists of one
part white' portland cement, not more than-one-
fourth part hydrated lime. and between two and
three parts sand. Now that we know the amount
of materials used in a plaster mix, let’s discuss
the quality of these materials.

20. Water. Water used for making plaster
should be clean, fresh, suitable for domestic
purposes, and free from minerals and other organic
substances.

21. Aggregate. The aggregate used for- making
plaster can greatly affect the quality of the finished
product. Aggregatc should be well graded, clean, .
and free from foreign material that prevents the
cement paste from binding the aggregate particlés.
Sand for plaster should be graded with particles
ranging from coarse (maximum size, Y-inch) to
finc. It well-graded sand, the smaller particles
will fill the major voids between the larger particles.
The amount of sand for a properly graded plaster
mix that will be retaincd on each sieve is shown
in figure 55.

22. Lightweight aggregates , weigh approxi-
mately one-tenth as much as dry sand. They are

‘manufactured materials, more expensive than sand

and should only be used where their cost can be
justified. Lightweight aggregates are especially
uscful for insulating against sound and heat; therc-
fore, their fireproofing qualities are important.

23. Miking. The materials for all coats of
plaster must be thoroughly mixed. Always mix
the dry materials before adding water. A power
mixer should be used for uniform mixing and
blending of materials. A power mixer for plaster
and stucco is shown in figure 56. You should mix
the materials for'a minimum of 5 minutes after the
water is added"to the dry materials. It may be
nccessary to use trial mixes to determine a good
workable mix. You can recognize a good mix
by its workability and adhesiveness to ‘plaster
bascs. When a colored finish is desired, it can
be obtained by adding celor pigments to the finish
coat. Color pigments are added to the cement in
the plaster mix at a 9:1 ratio: 90 percent cement
to 10 percent color pigment,

.
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Figure 56.  Poncer nuaer for plaster and stucco.

24. Now that we have discussed the mixing
process, the next step is the application of+plaster.

Before we get into the application, let’s talk about
some of the tools you t(ill be using. .
25: Plastering Tools Uses. The

tools used by wat when plastering are the

, .

MIDGET

A
Figure 57. Plasterer's hgwk.

plasterer’s hawk, a variety of shapes and ,sizes
of trowels and floats, ;the scarifier, rods, darbies, .
levels, and screeds (straightedges). Let’s discuss
the plasterer’s hawk first. . )

26. Hawk. Thé plasterer’s hawk, as shown in
figure 57, is available in sizes from {0 to 14 inthes
square. It is used to hold an immediate supply
of plaster. A trowel is used to push a ready
supply of plaster on the hawk.

27. Trowels. A variety of shapes and sizes
of trowels which you will use for plastering are
shown in figure 58. Most of them are used for

oy
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SAND FINISH
SR

Figure 59. Types of floats.

.

special work rather than for

general plastering
work such as walls and ceilings. The midget trowel
is used for covering small areas and hard to get
at places where the standard trowel would be too
large. The angle trowel is a flat-bottomed, two-
sided trowel used for smoothing close, opposing,
90° inside corners. The inside t
working single 90 corners. Th
is used in narrow places; the gaugi
pipes: the scraper trowel to knoc
the pointing..trowel to point up
covering trowel to c8ver asbestos

28. Floats. Different types of
» for finishingplaster. Somé are designed for flat
" work, while others are for corners or angle work.
Smooth-bottomed floats are made of Fiberglas,
wood. steel and other metals, Floats designed to
produce textured finishes, such as a sand finish,
‘have bottoms made of rub
ture of sponge rubber used on the floats is classi-
fied as cofipact; dense, cellular, porous, soft, or
open. Thq steel angle, sponge, and sand finish
floats are. shown in figure 59, .

29. Scarifier. The scarifier is Nsed to roughen
Plastered surfaces so that the. next coat of plaster
will have a rough surface to cling to. The scagifier
is made up of tempered flat steel tines that are
flexible and uniformly spaced. A scarifier is
shown in figure 60. :

30. Rods. Several t
level freshly plastered s
are made of aluminum

¢ margin trowel
ng trowel behind
k off high spots;
+joints; and the
pipe.

floats are used

ypes“of rods are used’td
urfaces. Lightweight rods
alloy or magnesium alloy.

v

\

If aluminum rods are not avdilable, you can use
2 I+ by d-inch piece of wood as a Straightedge.
Common sizes of rods run from 5 o 8 feet in
length. The standard type rods, shown in figure
61, are the browning, lightweight browning, and
a combination rod and featheredge, . The browning
rods are used for leveling ldrge flat areas of plaster;
the combination is used for truing corners and "
smoothing the ish coat of plaster.

31. Darbies. Darbies are long floats that are
used to smooth freshly plastered surfaces, elimi-
nating high or low spqts left by the rod or straight-

" edge. Some darbies are flat and flexible, some are

-~obtaining a smooth

—

rowel is used for .

ber or carpet. The tex-

41

wedge shaped, and others are chamnel shaped,
as shown in figure 62. THe darbies with serrated
edges are used to roughen the leveled undercoats
of plaster to prepare them for the next coat, -
32. Screeds and levels. Screeds used for level- .
ing plastered surfaces are the same as those pre-
. viously discussed for leveling concrete: however,
. base screeds (grounds7 are used to determine the
proper thickness of plastered surfaces.  Base
screeds codsist of strips of wood placed vertically
from the top to the bottom of walls to aid you in
and uniform thickness of
plaster. You secure the screeds by nailing them to
the wall studs. After applying the scratch coat be-
tween two of the wood screeds. the. surface is
screeded or leveled with a straightedge. After the
plaster is straightedged, you should place a level on
the straightedge which is pressed tightly against the
base screeds to insure that the surface is level,
plumb, and perfectly vertical or horizontal. Screeds
used to obtain“the desired thickness of the brown*
and finish coat consist of strips of plaster. You
form these strips by holding a wood screed (of the
plaster thickness desired) Jffat against the scratch
coat and applying a strip of 'plaster 2 inches wide
against one side of the screed. Then you run’ your
trowel along the top of the screed and remove any

overhanging plaster. -'}_?.emb.ve"‘the wood screed
. R B C
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~~ ! Figure 61.

and allow the plaster strips to set. Now you can

Types of rods.

)

33. Application. Plaster is usually applied in

apply the plaster; and straightedge and level the"¥ three coats. You apply these three coats in the

plastered surface betwegn the screeds as you did
for the scratch coat. Follow the same procedures
for applying the finish coat as you did for the

brown coat. Remember, after each coat of* plaster -

is applied, you must level the surface. Three of
the levels you will be using are shown in figure 63.
The sprint bubbles near the ends of the level give
the plumb reading, and the sprint bubbles near
the center give the level reading.

N\

WEDGE SHAPED

palelels]

CHANNELYEDGED' METAL

-8
CHANNEL SHAPED

FLEXIBLE

- SERRATED

Figure 62.

” a

following drder: scratch, brown, and finish. (How-
ever, if the base to receive the plaster is masonry
and no réinforcement is used, two coats may be
sufficient.) When applying the scratch coat, push
the plaster through the lath to insure complete
coverage, as shown in figure 64. The thickness
of the scratch coat should be between % and %
inch, but in no case Tess than % inch. After apply-
ing the scratch coat between gwo of the base

Types of darbies.
42 B '
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Figure 63. Types of levels. .

‘ ¢
(xcrecds. yJu should scréed. level. and scarify that
" area before'applying the'scratch coat to the next
area You continue working 1n this manner untl
the scratch coat is applied to the entire surface.
The scratch coat must be set hard, but not dry.
before®you form the plaster screeds for the brown

coat This 1s usually 4 to S hours af 2 temperature”

of 70" F.

34 As soon as the plaster screeds are able
to support a straightedge. vou can start applying
the brown coat The brown coat consists of a

layer of plaster not less than Ys-inch thick. You |,

apply and fimsh the brown coat in the same

manner as the scratch coat Like the scratch coat,
LA . L
thé brown coat must be vet hard. but not dry.
,you form the plaster screeds for the finish coat.

C 35 You can st 10 apply the finish coat as

sqon as the plaster!scrccds will support a straight-

edge  Apply the finish coat not less than '4:inch .

+
S

thick.  After applying the finish coat, you should
- L]

screed, level, and float the surface. You should

\ allow the surface to dry for a few minutés amd

trowel it to .a trué-finish, The three-coat appli-
cation of plaster is shown in figure 65. Unlike
other plastered surfaces, portland- cement plaster
must be moist cured. ) .
. 36. Curing, Portland cement plaster requires
moist-curing the same as portlz.ind cement con-

crete.  All three coats of plaster must be moist

cured for at least 2 days at a temperature above
50> F. After the scrdtch or brown coat is moist
cured 2 days, it must be allowed 5 days to dry
before the next coat of plaster is applied. At the
end of each curing period, before the next coat
of plaster'is_applied, the plastered surface must
be evenly wetted .40 prevent the hardened plaster
from drawing moisture from the freshly placed
plastcr. Now that you understand the procedures
of plastcring, let’stalk about thic repairg you will
be making to plastered surfaces °

37. Repair of Plastered Surfaces. There are
different types of cracks ‘and breaks that appear .,
in plastered surfaces.. They consists of structural.
map, and shrinkage cracks. and also sections of
lobsc or broken plaster. Cracks and breaks_are

T

BROWN.COAT  FINISH COAT

“"Figure 85, Threewoat application of plaster
: N
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caused by a number of things. Some of these
are scttling of a structure, moisture infiltration
causeg by water leakmg through a structure, and
«cxcessively moist air inside the structure. Before
you repair any cracked or broken plastered sur-
face, make sure the cause of the failure has been
determined and the necessary repairs made to
the structure so that the failure will not recur.

38. Structural cracks. Structural gracks are
easy to identify since they are usually large cracks
6% inch or wider) extending either horizontally

. or vertically entirely through the plaster. The tools

.used to repair structBral cracks consist of a putfy
knife. a pointing and finishing trowel. a sharp
chisel; linoleum knife, a hammer. and a shallow
mixing pan.,Other tools may be used depending
on the width and position of the crack. To repair
a structural crack. you must first remove the foose
material with a linoleum knife or chisel: Form
the cracked surface in a V" shape so that the
surface opening is, narrower than the base. A
crack shaped in this manner will help bond the
old and new plaster together. Only widen the
crack cnough so that you can clean the mesh

openings in the expanded metal or wire mesh °

lath so that when you force the patching plaster
in the opening a good key is formed. If the lath
is wood, you must chip out the old kcyc.d plaster
between the wood lath so that a new key is formed
when the patching material is forced in place
Brush all loose material out of the grooved area
and wet the wood lath and the édges of the grooved

" area to prevent suction of water from the fresh
plaster. Now you are ready to-prepare the plaster

¥
plastered surface.

Map cracks consist of several
small lined cracks covering an area 6 inches or
more in width and up to several fect in length
This type of crack is usually caused by improper
bonding between the plaster and the lath. To
repair map cracks. use a mixture of gypsum
plaster and water. mixed to a crecamy consistency,
and apply it to the cracked area with a paint
brush It may be necessary to paint the surface
a second tme after the first application has dricd
to completely seal all the cracks.

42. Shrinkage cracks. Shrinkage cracks re-
semble map cracks in appearance but, are ordi-
narily confined to the finish coat. They do not
extend entirely through the plastered surface.
Shrinkage cracks uswoally result from carcless
workmanship. too rapd drying on the surface.
insufficient trowcling. trm\clme while the surface
is too wet. or by not trmulmg unu!l the surface
has become too dry. U'sc the same materials and
proeedures for repainng hrinkage cracks as you
did with map crachs Where shrinkagé cracks
penetrate through to the lath and will not retain
a paint mixture. You should cut out the area and
repair it in the same manner used with structural
cracks. Also follow the same procedure for re-
pairing structural cracks when you are repairing
holes in plastered sbrfaces.

43. Logse plaster. Loose plaster is indicated
by bulging and cracking of largc arcas of plaster -
surfaces. To determine the 'extent of loosened
plaster. tap the surface lightly with a small ham-
mer and the resulting sounds will indicate the
extent of the loose area. Loose-plaster may result

T

A

mix and complete tRe repair job. s

39. Structural cracks are generally rcpaired
with two coats of patching material. The first
coat consists of one part gypsdm plaster and’ two
and one-half parts sand by volfmr;!e Materials for
the second coat may be cither gypsum plaster or
a mix of one part hydrated lime and one-half
part calcined gypsum. Both the first and second
coats are mixed with clean water to a uniform
golor and workable consistency. The cracked
area can always.be repaired with the same type
of material used in the original construction.

40. "You should press the first coat of patching
plaster firmly into place. filling the groove almost
* to the surface of the ongmal plaster. Allow the
_plaster to set_until it is nearly dry. buf net hard.
then complete the patch by applying the finish
doat, The last part of the patching opcration is

to- strike -the - plaster—off flush-—with-the—original-—with—Keene’

surface and trowel it smooth. Make sure thatea*
solid bond exists between the edges of the patch
and- the new plaster. o .

41. Map cracks. Map cracks are less notice-
ablethan structural cracks. They penetrate through
the plaster but. do not extend entirely acrogs the

’

from excessive moisture from leaks in the rool.
seepage through the exterior wall. and plumbme
caks in the structure. The excessive moisture
auscs the plaster to become soft and destrdys
he bond of the plaster to the base. Remember.
before you repair anv damaged area the source
of moisture must be located and climinated. To .

“repdir this type f failure. you must remove all

the loosc plaster around the break until you
locate solid plaster that is well Keyed to the lath.
Also be surc that the lath is solidly secured to the
structural frame of the ‘huilding. If the lath is
defective. remove it and rqplacc with suitable lath.
‘After the loose plaster is removed and the lath
replaced. you can prepare to plaster the area
Keene's cement plaster is the best plastering
material t0 use on the interior of structures sub-
ject to dampndss. When repairing a broken arca

procedures you used for repairing, areas of gypsum
plaster. Always prepare Keene's cement plaster °
according to the manufacturer's instructions.

44, Cleaning Plastered Surfaces: There are
several types of all-purpose synthetic detergents
recommended for washing plaster surfaces. The

.
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) other matenals you will need to wash

lastered
surfaces consist of two clean sponges to wash and
rinse the surface, two 14-quart butkets for the
washing soluslon and rinse water. a few soft,
cléan cloths for drying the surface, and possibly
iladder. To prepare for washing-the wall, you
should first add a small amount of detergent

(about !y cup) to a bucket 3; full of warm water..

Mix the detergent and water thoroughly. Next
vou should fill the other bucket with warm clean
water. Now you should check the strength of the
detergent on a small portion of the surface. After
you adjust the strength of the detergent, if ad-
justment 18 necessary. you should completely
soak your wdsﬁhmg sponge in the solution. Squeeze
out -the sponge unti! it doesn't drip water and
start washing the Surface, If the surface to be
washed 1s a wall, you should start wai‘hing at the

.
o

bottom and wash an area about 4 feet wide half-
way to the ceiling. (Never start washing at the
top of the wall, because the solution will cause
streaking on the lower portion of the wall.) Rinse
out your washing sponge as often as necessary
“until thé portion of the wall being washed is
.clean. Next you should take the sponge from the

" rinse water, Squeeze it until it doesn’t drip, and

rinse the area starting from the bottom and
working up the wall. Rinse the surface as many
times assRecessary to remove all the detergent.
You should finish drying the surface with a soft,
clean cloth. The above operation should be fol-
lowed uptil the entire surface is washed. Change
your washing and rinsing water as ofteg as nec-
‘essary. When cleaning portland cement plaster,
follow the procedures used for cle;aning concrete.

E

45—~

Pl
.




S A N 3
‘:ﬁﬁ&“ ;555 - L ) - ° - - ‘ -
% * . ° N\
o . 2
- - > - ~
v v ‘ p :
* . MODIFICATIONS -
0 : N
° ?w T » ) .
e \ ¢ ) . - .
__fg/\[‘s /. A/g of this qu-i{cation‘ has ‘(have) been deleted in
v / 4 Na -
. ')
0 : ' ° 3 g : 3 3 - ’ ’ -
. adapting this material for inclusion in, the "Trial Implementation of a. . .
Y . 3 .
Ly : . ) . . . .
Model System to Provide Military Curriculum Materials for Use in Vocational %
* °© ’ ., ) .
* . . . , - . - & - . - -
and Technical, Education.” Deleted material involves extengive use of K ) ’
. ‘ . N - *
. - C N e . { '
’ . military forms, procedures, systems, etc. and was not con;srder:ed appropriate . e I
. . . R K
. for use in vocational and technical education. ’ - . « s -
— ~ e
. ) . X
. * . -
. ' ‘ .
- 7“
' .
2 P L4 s
( ' B ,
. o
P Y “ . 3
| ’ . L.
1 . .
. . . b
;” 3 i »
~ . . .
v , i <.
. . «
- . -
v 'S ' , '\
t 4 - -
\ . . |
e - oo .
1 |
| s c o |
! . \
» i ‘
‘ \ ' ’
1 M * :
" ) |
o “« o
. , , .
- - 9.
: 4 L ? 2 . ’ . . -
Do ‘v . N “
3 ¢ . oy ‘ G
. ' . | . .
oo ' ‘ o .
. b, N N, e
R v ’ ’ . A -
. e L] Y !
. i
E : * ' ’
’ . s Ry .




%

b
I3
b
kK
X
o
P
N
7

. “

* L)

\ e .
w NE OF THE carliest idications of man's
development was  brick masonry.  Adobe
5., Pricks were made long before history was written
A *Sunflricd brick estimated 1o Be 6000 veirs old
\ hase been fodnd in eveas ations at ancient :Baby-
lonian cities. About 2500 years_aeo, the mien of
Babylona were molditg and myking hard-burncd
brick  Babylonia was the brick hahing and brick -
laying center of the werld: und it was probably
> from there that the art ot brick r.llil\qx(]ry spread

westward to Rome and eastdard to China.

f,‘_’. The term “brick masonry” identifios ciﬁl-
“Atruction work that wses snindl brick blocks made
" of varjous clay and shale nuxtures The chemical
*and tphysical characteristicn: of the ingredients
+vary considerably. The color and hardnew of the
brick depend on the mgredients. hln (oven) teni-
perature. and baking ume, .
) .3 As g masenry specialist. vou will buiid
various types of structure. using ek brick, Brick
‘masonry offers vou- the powsibility of exhibiting
your shill and perfection in probably the most
comphcated of the masonry trades  You will be

woaking with vaffous colore and tevtures of brick
”,

o conection with dilfurqm)hnnd\ and patterns
Our*discussion Wil _cove® the Tharictensties and
proveduress for- laying brick — This will include

- T honding brick. strength of hrck. and making and

‘ Ninwking joints in brickwork | et gt our dis-
tusston with the characteristion of brick

15. Chatacteristics of Brick
1. There are two standard sizes recommended .
for ordinary brick. Common brick and rough-
faced are 2 1/4 by 3 3/4 by 8 inches. That
is, a orick this size is 2 1/4 inches high
or deep, 3 3/4 inches wide, and 8 inches
long. Smooth-faced brick or pressed brick
are 2 1/4 by 3 7/8 by 8 inches. * Brick will

o vary slightly from these sizes bacause of

shrinkage during the burning process. Aside

from the two sizes mentioned above, bricks

are.also made in other sizes. Firebrick is
" ordinarily made 2 1/4 by 4 1/2 by 9 inches

in siza, e

2. A portion of a brick 18 called a bat or

brickbat. More specifically, one-half of .

a brick is . .

»
-

- Clay Brick Construction
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4
known a$ a 4Vz-inch bar. A length of brick that
is shorter than full length, but longer than a 45.
inch Bat is known as q three-quarter bat,

3. The weight of g brick varies according to
its size, the amount of burning, and the type dnd
processing 'uf.mutcrml used in its manufacture
The approximate weight of o common brick is
3% pounds. . '

" 4. Good quality brick must be uniform in size
ul{ld shape.  Their edges should be straight. square.
and well defined.  Also, good bricks produce a
metallic ring whenotwo of them are struck together.
The bonding surfaces are slightly rough so that
@ good bond can be obtained. Another char-
acteristic of good quality, brick is that it will not
absorb more than 10 to 15 percent of its dry weight
1t moisture when placed in g container of water
for 23 hours.
-

-]

5. The standard rectangular-shaped brick has
been given different names, depending upon its
location in the bond and pattern. Notice the
views of a standard brick (fig. 66) and its
names. If it forms the cormer, it is a quoin, -
If it 1s trimmed for a miter fit at the inside
of "a corner, it ig a king. The queen is a
half-width brick,

‘6. A large percentage of the brick produced
ifi"this country are red in colof, but some

. from certain localities are yelloWw. "Differences
in the clay and the manufacturing process used
account

b

STRETTHER

vy

FUAT STRETCHER

o b

FLAL Qucin XING QUEEN

.

Figure 66: Var'ious brick shapes and nomenclatures.
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for‘lh,c different shades.. The amount. of burning
also causes slight differénces. in color, and bricks
burned at diffgrent times may vary in‘color. When

or scorings to give it a pleasing appearance. Face

brick is generally used for exterior tiers 1n walls ~

cxposed to the weather. It is also used for veneer-

- * - . possible, enough brick to complete a job should ing, walks, steps, walls, etc., where beauty is de-
be obtained at one time to get uniform coloring. . sired, and expense is no object. . .
o T B o o B e d it T 2 G
- scorings, colors, or surface textures. Grades of :,smcna,"?:cg,es(:: 03,:: fcinds,e dberl;zl;drir:]agy uponc o(r’?;
’ common brick will vary in different localitics. In clay. coloring; and burning. Only the better
some sections, the bricks -are %r}aded a‘nd sold  grades of co imon brick are pressed. Pressed
as front and back bricks. The ont bricks are  bricks arc excellent for the exterior tiers of brick
f';OShe r»;hlch halve beenl burlr;efli tora. hlgh;r degree  in outside walls. Burned pressed bricks are uni-
Of hardness. -In nearly all localities, the over- form in sigg. adhere nfore closely to standards of
burned brick are called clinkers. These bricks are size, andmfm used in structure); butlt to exact
. hlard‘an(:) c?ul:able. N;?nufactu’:e}'s will sometimes  dimensions. ‘
| i Such e 2 st ks oo 14 Dok o Made from special clays. Bricks
well-burned, straight-hard, stretcher, soft. and sal- peratures without cracking. and are used to line
?r‘?"k:"" aiphr;d-d"\’;:" C,'"(‘j“e;:ﬁ;d 'roughl-har‘d interiors of furpaces, fireplaces. and other surfaces .
icks are hard, durable. and slightly irregular in ‘ i
shape. Red, well-burned and straight-hard bricks cxplc;sedAto lcm;m: h:at. hat. has had
are well-baked but not overburned; and the most : gazed brck 15 one that has hac one .
select of.these bricks in size. hardness. and dur- O MOr€ surfaces cnyc{ed with a trapsparent@las;-
ability are called stretchers. like (.vnrgous) coating. glaz§q bngk are used in
8. Among the front brick. those hard enouch JCxterior tiers of walls or partitions in bathrooms. .
for exterior walls and structures. are those known Fospualsakltchcn:. ::nd other places “{h::re clea‘n-
by names such as hard. common building. paving. iness an ‘eas_c © ?“f""f z?re e?sscp(la ’ .
hard building, outside. hard rcd. straight hard. 16. Imitation brick is similar in size, and shape
’ select hard. rough hard. hard washed. kiln run to clay brick but is ma{je pnmarnly Cﬁf portland _
hard. and common hard brick. cement and sand. lmx{a_uon bricks are not burned
9. Soft. or salmon. brick includes brich not ~ 3M¢have the same qualitigs as good cement mortar -
hard enough for cxterior walls of structurcs. Such - 16. Fundamentals of Brickwork
brick are baked at au lower oven temiperature. - R
These bricks are known by such names as soft. l.‘ ?"low tha‘!,,you are familiar with the char-
" salmon. backing-up. pale light. chimney. filling-in. acteristics of b(lqk. let’s tch a look at some fumja-
inside wall. and foundry brick. Soft and salmon ~ mentals of using brck in construction. Specifi- ,
brick. farthest from the fire. arc underbaked gnd  Cally. we will discuss brick bonding. wall
T are ot asstrong-and-duTabiT IS THE Other bricky. HCKTIUSS COMTTS and MTSeConS: Window —and T
10. The compressive and tensile strengths of  40or openings. strength of brickwork. brick han-
- brick vary with the amount of burning (baking) ~ dHing. and joints in brickwork
and the types of materials used to manufacture 2 Bonding Brich. The purpose of bonding .
them. When brick is ciassified as vitrified. hard.” brick in masonry work is to make the brickwork
medium. or soft. the vitrified brick is considercd -~ Mrong. solid. and durable. To do this. you must
to be the strongest. The strengths of thc other  Place the bricks in such a manner that they .are -
classes are in the order given. With any given Al ted together in a cohesive mass. Mortar
brick strength. the strength of a wall construcfed  tomts will tie all bricks together but if you *fail
still depends on the workmunship and quality of  to place the bricks propgrly so that they will form .
the mortar joints. The strongest brich vant makc @ strong bond. the structurc will not have the ’
a strong wall without the skill of a capabke masen strength to support ficavy loads. Bonding juints
[1. Other names or classifications ure given  are made by lapping one brick over two bricks in ;
common bricks, but the most important thing is  the course just below it. ‘
10 know the hardness and durability of the br.ck 3. Since the brick of one course must overlap
vefore it is faid. Hard and durable brick shouid  the brick in another course. the natural considera-
be laid in the exterior surface of the wall exposcd tion is how much they should lap. In kricklaving.
to the clements, ' the practice 'is to makc a brick lap other bricks
12 Face brich 1s-made of selected-matenah—— 14, Y. Yror-drof s length A brick <okt no
sothat-the hardness, size. strength, eolor, texiare. lap. anothér brick less than 14 brick length |
cte . will be uniform and all bricks will be of @ Figure 67 illustrates how vertical mortar jonnis |
high-grade classification. [t has surface markings  ar¢ broken by lapping bricks. |
. - ‘
50 |
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Figure 67, Lappue bricky.,

N As work progresses. the lap may be lost
because of irregularities in .the size of the brich
and vertical mortar jomnt thickness unless special
attention is given to maintwning lap. You should
heep cach vertical joint directly over the vertical
joint two or more,courses below. The process of
heeping vertical joints perpendicular 1s referred

This may require that one or more Brick bats of
special size be used to make the course end prop- -
erly at the ends or corners, The special brickbats
act as spacers or fillers to fill in space created by
lapping the* brick. Brickbats are placed.in the
course, one or more bticks from the end, rather
than at the end. This is particularly true when
you are, using small bats, because they tend to
weaken the bond at the cormer when placed as

. the last brick in the course. Figure 68 shows

to as keeping the perpends. a

5 Lapping places vertical jornts between bricks
in adjacent courses at relatvely different posittons.,

how quoins, bats, and closers ate used as spacers
and fillers. )

6. There are several different types of bonds
used in bricklaying. Of all the different types.
common, or American, bond is probably the most
used. This bond is a combipation of the stretcher
and header bonds. It combines advantages of both
bonds and is slronger than cither one used alone.
Usually a header course is laid every sixth course;
the other courwcs are stretchers. The header
course is sometimus laid every fourth, fifth. or
seventh course according to specifications for the
job. A correctly bonded common, or American.
bond wall is shown in figure 69.

7. The common. or American. bond is used
extensively in walls. particularly when common

* bricks are being used. The variation in this bond

straightens the brickwork. This bond is often
W
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Figure 69. A correctly bonded brick wall.
used to back up face brick or other masonry ma-
terials usede in the cxteoriér tiers of walls. <

8. Mectal tics are used to help bond both solid
and hollow (cavity) walls. There are a number
of different metal ties used for bonding bricks or
wall sections together. ,Metal ties used in solig
and hollow brick walls are shown ip figure 70.
Metal ties are never thicker than the mortar joint
because this would raise the brick over the ties
out of line with the rest of the wall.

9. Head flashings are bent metal strips placed
over openings in brick Wwalls- as -moisture barriers.
and may extend completely through the wall. Cop-
per stripping is the best metal for this purpose:
however, galvanized steel and aluminum strips are
also used. Note that the inside edges of the head
fiashings in figure 71 are higher on the nside of

- the wall than on the outside. This directs the mois-

ture downward and outward. Sill flashings are
metal strips, similar to head flashings. used at the
bottoms of openings as & moistures barrier.

10. Copings arc used to protect the tops of
walls and other brickwork exposed to the weather.
A concrete coping on top of a brick wall is.shown
in figure 72. The coping bonds the top course
of bricks and tends to prevent water from seeping
mto the /mortar joints. Mortar joints saturated
ith water will freeze and*may separate the brick

during freezing weather. The drip, as shown in

“figure 72, is a groove or slot extended all the way

around the bottom of the coping so that the water,

passing from the top of the wall will be caught

by the groove and drip to the ground without

* cdming in contact with the wall.
11. A soldier course consists of brick which .

been placed on end with their edges visible. They
are used on flat arches and laid on steel lintels over

~wall openings. A soldier course of brick is shown

n figure 73. ”

2. A rowlock course of brick consists of
bricks which have been placed,on edge with their
ends visible. They are used directly under windew
openings in brick buildings. A rowlock course is.
also shown,in figure 73. Now that we have dis-
cussed the*procedures of bonding brick, let’s talk
about the different wall thicknesses constructed
with standard brick.

13. Wall Thicknesses, The arrangement of
standard size brick may be bonded in any com-
bination of*stretcher and *header courses for con-
structigg walls of Various thicknesses without cut-
ting the brick. From the standpoint of variety in
bonding and patterns, no two successive courses
need to be the same.

14. By placing standard brick in various posi-
tions. you can construct walls in anv thickness
relative to the width and’length of the brick. The
width and length of standard brick are 4 inches by
8 inches when laid: thercfore. walls may be con-
structed so that their thicknesses are any multiple
of the width of the brick. Thus, the thickness of
walls constructed of standard brick may be 4. 8.
12, 16, 20. 24, ctc.. inches.

15. Four~inch walls are used for non-load-
bearing walls and partitions. Interior
partitions should be built up from the
basement floor level or supported at the”
first floor level by beand supported by
columns, or piers built up from the
basement to the first floor level. 1In
other words, never build non-load-bearing
partitions other than at ground level
unless you have been informed that the
floor is able to support the weight. Non~
load-bearing, 4-inch, brick-veneer, exterior”

walls are ofaa:,x built in conjunction-with
inner walls of wooden frame construction.

‘. j*rle . -
: 7 7 )
Ut i - _ _ ‘
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. HOLLOW WALL
Figure 70. Bonding'with metal ties,
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. Figure 71.
. * o

16 The wooden frame 1~ covered with a 4-inch

tucing of brick tied to the frame of the building ;

with metal ties., Brick eneer may be applied to
cither new or old buildings. For new buildings,
the foundation 1s made widg ¢nough o accommo-
date the 4-inch brick .wall. In old buildings. an
wddiional 8-inch thickness of new foundation’ is
extended below the ground against the old founda-
ton to support the brick  The surfaces of frgme
buildings are covered with a good grade of water-
proof building paper. and the face bricB¥bonded
to the metal ties about | inch from the frame wall.
17 The arrangement of face brick in_venger

- w.ills s the same as in <olid masonry except that -

the ends of brick around openings are cut to fit
the framework. Lintels over door openings, must
be used. the same as they are used in solid brick-
work. to support the brick abose the openings
The brick used in 3-inch porch walle and other

hoth edges or sides

18 Eightanch brich walls are*used n many
smail structures.”and under normal Joad conditions
are thich enough o support the Joad placed on
them  There are several bonds used for 8-inch
wafl
of them and these are shown in figure 74,

& - DRIP -~
COPING

“

- “ Fooare ™! b opiny

Head flushings.

walls visible trom both sides should be faced on .

American. English, and Flemish_are three.

e ¥

19. Comers and Intersections. A corner is °
formed when the ends of two walls meet, and it is
here that the bond starts. Corners may be classed
as being square, acute, or obtusc; or they may be
classed as being outside or inside corners. A
square corner is a 90° corner. An acute corner
is one that is less than 90°, and an obtuse-corner
is over 90° and less than 180° Figure 75 shows
the various types of corners.

20. Special arrangements for brick and special
brick shapes arc required to obtain the proper
lap When starting a bond. The arrangement re-
quired in “a 4-inch wall starting with the stretcher
bond having one-half lap and three-quarter lap
are shown in figure 76. The end. brick should
never be less than a brick width, -

21. When arranging brick in a corger:” you
myst take into consideration both walls. In some
cases. the end of a wide.wall may mcet the end
of a narrower wall 40 form a corner. Figure 76
shows the arrangements of standard and special
bricks required in an 8-inch and a 12-inch wall.
mecting at a corner. to start an Americin bond
corner, .

22. Window and Door. Openings. The archi-

T or sfructural engincer works out the type of
bond to be used in building a structure when it is
dewigned. At that time, the sizes of openings and
the distances between the openings are calculated

SOLDIER COURSE ROWLOCK COURSE

Frenre 73 Soldivr and renvlock. courses.
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Figure 74. Bonds/[lnr 8-inch walls.

. !
to avoid any irreg'ularities in lapping=the brick
and reduce cutting brick to a minimum. You
should make a trial dayout course of brick (with-
aut mortar) in the bond specified. When the
course is laid out, the end brick should have at
least dne-half lap. When there is one-fourth lap,
a bat must be used as a closer (fig. 76) inside the
quoin. In ordinary brickwork, an adjustment can
be made by slightly stretching or conipressing
several end .(vertical) mortar joints.

23. Bricks in sills are usually laid on edge at

a pitch or incline equal to one-half inch per foot
of run. The method of starting a window opening

1 CORNER

» OBTUSE

R
SQUARE CORNER

"|CORNER
INSIDE

CORNER

|

]
ouTSsIDE 7

~N

Figure 75. Types of corners.

and the position of the bricks placed in the sill
mortar bed are shown in figure 77. ’

24. A steel lintel is used to support the brick-
work over a window. A soldier course of brick
is used over the window opening, and figure 78"
illustrates how the brick is placed on the lintel.
Figure 78 also points out the window masonry
nomenclature. . .

25. For the construction of door sills, brick
can be laid flat as a header course or on edge as
a rowlock course. Bricks over door openings are
supported by steel lintels similar to those used
over window openings. A soldier course may be
used over door openings or the pattern of brick
used-in the wall construction may be continued.

26. Strength of Brickwork. The compressive
strength of brick is the amount of weight it can
withstand (firmfly supported below) without
cracking. The results of compressive strength tests
on individual clay brick (tested flat} are shown
in figure 79. The results of this test indicate the
importance of specifying the kind of brick to be
used for various structures. This is especially true
of brick load-bearing walls which are subject
to high compressive stresses.

27. Handling Material. A sample of face brick
to be used on a construction job should be kept
from the first load of brick, and all later loads of

»
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Figure 76: Corncr arrangcments for sireicher und American bond.
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Figure 77 Constructing a hrick window sill.

face brick delivered to the job site inspected and
compared with the sample as they are being
unloaded. By doing this you will be sure that the
bricks are uniform in quality, size, and color. You
should stack face brick in neat piles when storing
them on the job site. Layers of straw should be
placed between the courses to protect the faces of
the brick. Face brick carried to the mason
should be stockpiled face up for his convenience
in handling.

28. Common brick for small jobs are placed
{not stacked) where they can, be conveniently
wetted before they are used. When large quanti-
ues of common brick must be stored for a long
period of time, the brick should be stacked in

piless All clay bricks must be wetted before they
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are laid. -The hotter~and driet “the Wedther, thie
more svater the brick will absorb. If they are not
wetted. they will absorb water from the mortar
very rapidly. causing premature setting of the
mortar and a poor bond between, the \bricks.
Bricks *must not be so wet that they will slide
on the mortar bed.

.29. Joints in Brickwork. Bed joints are the
horizontal mortar j between courses of brick
or. more simply. t of mortar on which brick
rest. It is import ! bed joints be prypetly
made because th d the bricks together.
distribute pressures uniformly throughout the wall.
and make: the wall moisture and air resistant.

-When-making b&d joints. spread the mortar ( abo‘g‘t

-

)

Figure 78.  Soldier course above a winddv openine.

I inch thick) uniformly over the top of the founda-
tion or lower brick course. After spreading the

* mortar over four or five bricks at one time, make

several shallow channels (riffles or furrows) down
the center of the bed. as shown in figure 80.
During hot weather. mortar will not remain plastic
on the mortar bed for a long period of time;
therefore. you should only apply mortar 10 a few
bricks at one time and then lay the bricks.
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Clay Type Grade . Lbs. per
“Source . Brick Brick $q. In.
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Arkansas Red | - 1 12,253
. 2 F 11,966
3 5, 620
~N N R ° ’
Ilinois , Shale Building 10, 690
: — nderburned . -
Common - 3,920
Dark Gray 20,030 _
Gray 16, 793
Kentucky Dark Green ’ 7,243
Red . 5,290
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Figure 79.  Compressive strength of brick.

30. Head joints are vertical mortar joints that
bond bricks together at their ends. Head joints
are made by buttering a thick layer of mortar on
one end of the brick to be Jaid. The buttered
brick is then placed on the mortar bed and is
pressed and shoved until the specified thickness
of the bed and head joints is obtained, When
pressure is applied to the brick, excess mortar
will be squeezed out of the head joint and bed
joint. This excess mortar is cut or struck with
a trowel and buttered on -the end of the next
brick to be laid. A brick -being placed to form
a head joint is shown in_figure 81, ...~ coeere -
€ last two head joints in a course of
brick are called closure joints. To make closure
joints, the clean ends of both brick already laid
in the course are well buttered with mortar. Both
ends of the closure brick are also buttered, and
it is then set in place between the twp bricks
already laid. The closure joints should be com-
pletely filled with mortar, and the excess mortar

"

THICK BED

SHALLOW
FURROW

~

should .be squeezed out from between the bricks
and, cut off. A closer brick being placed 1n a
stretcher course to form closure joints is_shown
in figure 82, A

32. Bed and head joints in backing courses
of brick are just as important as the:bed and
head joints in face course brick. Although the
backing courses can not be seen after the wall is
constructed, they help determine the overall
strength of the wall. A bed and head joint being
formed in a backing course is shown in figure 83.

33. Although header bricks are Jaid to form the
horizontal” bed joint, the vertical joints formed
are oftén referred to as cross joints instead of

head joints because the edges of the brick, rather .

than the ends are buttered to form the vertical
joints. A cross joint being formed in a header
course is shown in figure 84. .

34. Closure joints in header courses are made

similar to closure joints in stretcher courses. The -

edges of the two adjacent header Fricks, as ‘well
as the edges of the closer brick. are buftered with
mortar. By buttermg the two bricks on .gither

" side of the closure, along with the sides of the

- Y

LINE

HEAD JOINT

BED JOINT

Figure 80, Making ¢ bed jornt,
56




STRETCHER
CLOSER

CLOSURE
JOINT

CROSS JOINT

Fiogre X2 Formnng a (hosare Jowtt i a stretcher

Cairsg
-

vlostire brick. you can be sure that the jomts are
it of mortar after the brick pressed into posi-
uen <A closer header brick heing placed 1o form
@ vlosure joint is shown n figure 85

17. Bricklaying” Procedures

I We are now ready to discuss the procedures
b building a structure This mcludes laying
hrick making joints, linnhing joints. laving row-
loch and <oldser brich. cutting and splitting brick,
butiding un 8-inch wall, and “cleaning brick
surt.ces . '

3
“

2 Laying Brich. The quality of the brickwork
~ou do will depend 4 ot on the Way you use vour
tuais You should grasp the trowel i the pulm
©F your hand so that the 100l may be turned

upside down to throw and spread mortar, The”

Proper way to grasp a trowel 18 shown in figure 86

3 The first step in bricklaing » chasing out
{measuring) the bond  This consits of Laving out
the first wer or course of brick. without mortar,
the length of the wall to be constructed  To chase
fmeasure) the bond. place the firt brick on the
toundanion where the corner will be located. Then

LINE

[

BACKING  BED JOINT
BRICK -

~
HEAD JOINT

Ahe other o act as a guide in keeping the wall ™

CROSS JOINT

LINE

. HEADER

&

Froure 84. Formng a crovs jomnt n a header course.
N o

place a rule or sti;k. the desired thickness of the
vertical mortar joint. against the corner brick and
place the second brick in position against the
rule or stick. Follow this process until the first
course is laid out. The last whole brick in the
wall should fit within the outer dimension of the
foundation. If the fast brick fails to fitby I or
2 inches. you can adjust the thicknbss of the head
jomts accordingly  When the corner brick fals
to fit by 4 inches ey more. use a whole brick on
the corner and cut a brick of the proper size to
use ats a closure. two or three brick back from the
corner.” )

+ After laving out the bond. chalkmark the
position of each head joint on the cdge of the
toundation. If the job iy not too large. you can
lay out the Rond around the complete foundation.
Atter marking afl the head Joints on the foundation.
the job is ready for mortar  Before placing mortar
tor the first bed joint. you should stretch a chalk”
hine and mark the foundation from one corner 1o

straight. The corners or tirct portions ot the wall
to be laid are called leads.  You raise the Icads
4t the comers of the wall and at intermediate

JOINT 4
CLOSURE

HEADER
CLQSER’

o

Figure 83, Bed and head Joints in backing courses.

h

Figure 85. Forming closure Jjoints in a header course.
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Figurc 4’6. gmsping the-trowel.

* points in betwéeu when the 2distance between

cdrners is long. Build up the .corner leads six *

or seven courses high before filling in the courses
of bfhck between the corney, leadd.

5. When laying brick always keep your mortar
pile rounded and wéll mixgd. You .can gather
mortar by scraping a small am8unt away from
the main pile and slipping your trowel ‘inder it
trying not to disturb 1its shape, Different methods
of removing mortar from the myrtar ptle are shown
in figure 87. After taking mortar from the n’Torlar
pile. you throw it on the bricks.

6. During the throwing stroke.-the mortar
must “flow evenly off your trowel fro%n start 10
finish of the stroke. To start the throwing stroke.
bring the trowel of mortar to the horizontal posi-
tion, as shown in figurc* 88. slightly.ahead of
where depositing is. to start. Then, with a quick

arm and “wrist movement (toward the body) “turn

the trowel to a vertical position, depositing the

mortar on the brick. The thrqging stroke from

start to. finish is shown in figure 88. . .

7. “After depositing the mortar, wrn the trowel

in the upside down pgsition and riffle the mortar
as shown.in Tigure 89. To riffie mortar, run the
point of the trowel down the center of the mortar
to spread it. Then run the trowel down each side
of the center to work the mortar toward the edges
of the brick or foundauon for the first course:
You should spread the mortar just short of the
edges of the brick-and not over the &dges so that

it overhangs.. The riffling operation from start
to finish is shoWn in figure 89. .., -
8. After ithe riffling operation is completed. |

grasp a brick from’the pile with the ~hand not

. used for handhng the trowel.
-of the first course 1s the ﬁ% brick yeu lay. Grasp
aanlaLc it on the morta

The corner brick

ed slirzhtly away from
its final resting ‘place. as shown in figure 90. As

the brick touches the, mortar'bed. presg and shove

it (with a downwatd motion) to as near its final
resting plate as” possible. ‘Then force it down

with the palm of your hand until mortar is squeezed
out all“around the edges of the brick. and the bed

“TAKING MORTAR FROM MIDDLE OF PIL
- ’ :\ J

TAKING MORTAR FROM CREST OF PILE /C\

i

=
Ficure 87 R’nundm;.- mur\\:r W, commaon wavs of taking from the pile
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i0int is of. the correct thickness. If the brigk is

Xxactly in fls final resting place after being pressed

and shos¢d, no more movement of the brick is nec-

+ vssary However! this does not always happen -and

it may be necessdry to tap the brick into its final

positiorigeTap the brick with.the handle of the
trowel.“Jhown in figure 98.. '

9 When™ mortar oozes out around the edges
of the brick during pressing and shoving, cut it off
with your trowel, as shown in figure 91. This
will make the mortar joint flush with the face of
the brick. You-should cut off the overhanging
mortar in such a way that you do not pull the

* miortar oyt of the joint. Make sure vour trowel
is flush with both the brick and the foundation,
as shown in figure 91. Use the mortar you cut
from =he joint to butter the end of the® next
stretcher brick. L

10._ You should use a tightly drawn -line,

" secured by ling holders (pins, éorner blocks, etc.. )
to help you to obtain a true wall surface. (Comer
blocks used to secure the line are shown in fig. 92.)
Fasten the line so it is approXimately 14, inch out-
side the top edge of the brick and level with it.
Place bricks between comers without touching

~the_line so that the line will not be shoved or
crosvded. out of line each time Aa brick is laid. A

* e stretched between leads is shown in figure.93.

When the distande is long between corners, use

40 intermédiate Jead (twig) held in place by a
bnc!_cbat to help support the line between corners.

*

An intermediate lead.is shown in figure 94. To
avoid disturbing the line, grasp the brick as shown
tn figure 95. The left view shows how the brick
is grasped when you are standing outside the line -
and laying the brick across-the line. . The right
view shows- how the brick is grasped when you
arc* standing inside the lipe. After grasping the
brick, place, press, and shove it“into place to
obtain the correct thickness of head or cross
joint. Next,-you should release it and then press
down oncé more to obtain the correct thickness:
of the bed -joint. The procedure of laying the
brick to the line is shown in figure 96,

1., Making Joints. Common thicknesses of
mortar joints range from Y% inch to %% inch. Of
these, the % and 3% inch mortar joints are used
the most because they are the strongest and the
most water resistant. Mortar ‘joint thicknesses
will be specified in the building plans and specifi-
cations for the job. You should lay out the height
of each course (including bed joints) on a strip
of wood, called a gage strip or rod, so that the
height of each course can.be checked against the
rule as the brickwork progresses. A strip of wood
can be marked; like that shown in figure 97, and
used as a gage strip. ~Apother similar wooden
strip, referred to as the story pole, is marked to
show where head joints or cross joints are locateli,
as well as the marked Idcations and widths of

-Openings in the wall, ' g
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« 12. Finishing Joints-After laying a few courses
of brick, you should strike or finish the joints. To
make flat, or struck, joints use a brick trowel
(like those shown in fig. 98) holding its face almost

-plirallel to the face of the brick pulling the trowel

aleng the joint after you cut off the overhanging
mortar. A flat of flush mortar joint is shown in
figure 99. To form an inclined or weathered
type joint (like that in fig. 99} turn the trowel
to a slight angle and strike the joint downward
with the top edge of the blade. To form a raked
joint, rake out a portion of the mortar in the joint
with a flat jointer-which-is similar to those shown
in" figure 100. You can form a flush concave
joint (like that in”fig. 99) by compressing the
mortar in the joint with a convex jointsr.

13. Laying Rowlock and Soldier Brick! To
,form rowlock courses, lay brick on their. edge; .

to form soldier courses, lay brick on theirend on

‘a bed of mortar like that prepared for stretcher

or header brick. There are additional procedures

" you must follow when buttering these brick: (1)

apply mortar-to the entire face of each brick; (2)
butter all four edges of one side of the brick to
form a full, complete cross joint when the brick

<3

Fl

Ftyure 9. Cutting off mortar and buttering a mct%gr.
. ‘. 2 * w7 a »
- 60 *&:8 4 . T . .

- " Figure 90. Laying the corner brick.

is laid. BI:ttering of a rowlock of solidier brick and.

a completely buttered brick are showf in figure
101. Now let’s discuss the methods of cutting
brick.

14. Cutting and Splitting Brick. Use a brick
set when cutting brick across or at a specified
angle. To cut a brick, place the, beveled edge
of the topl on tlie portion of the brick where you
want the brick Yo break, as shown in figure 102.

.It’s a good practice to groove the four sides of the

brick slightly if you want a clean, even break.
Now place the brick set on the brick and 'strike
it with the hammer, as shown in figure 102. You
<an also cut brick with a tfbwel, particularly when
you are making square cuts on common brick.
Hold the trowel and the brick as shown in figure
102. ‘ .

15. Building an 8-Inch American Bond Wall,
To locate the corners of a brick wall, drop a

plumb bob’ffom the lines on the battér boards -

(where thé"lines cross) to establish the comer
points. Corners being located in this manner
are shown in figure 103. You should first mark
these points on the foundation with a chisel or
a chalkmark, and then strike a chalk line from

.
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Corner blocks.

Figure 92.

corner to corner. A combination self-chalking
hne box and plumb bob is shown in figure 104.
The chalk linc establishes the quter cdge. of the
first course of brick, and the length of the course.
Next. you should lay out the bond. on the founda-
uon along the chalkmark to be sure gga the
number of brick specified for the first couéé“ in
the front tier will fit between the corner_points.
Space each bFick to allow for the mortar joint
Size specified, and mark the edge of foundation
with a chalkmark where the joint is lggated.
- Mark the’ gage strip to show the heights of courses.
and the story pole to show the locations and widths
of openings in the wall. Also mark the locations
of the head joints on the story pole.

16. The height of thegfirst corner lcad will
depend oa the number of cdurses in the wall and
the bond being used. In this case we arc using
the American bond to construct a wall. The
American bond starts wjth a header course and has
other header courses every sixth course thereafter.
Two three-quarter quoins with six headers on each
sde are used in the first course. as shown in figurc
105. - e
17 Throw and spread the mortar for the first
course on -the line side (side where the line is”
installed first) of the corner Then spread the
. mortar close to the chalkline without covering
it Lay the first three-quarter quoin directly over
the edrner mark and in alinement. with the chalk
Jine  The three-quarter quoin is brick Nr. | 0on
the linc side in figure 10S. Now you should butter
the headers (Nrs. 2,374, 5, 6 and 7. fig. 105) og

the narraw side of the brick and lay them. Ygu
should now level the first course lead’ on the linc

o . ' . 6

side, if necessary, by tapping the brick. After
leveling the brick, straightedge the headers.-to
insure they are in alinement with the chalk line.
on the foundation. ° ‘ .

18.., Now you can throw and spread mortar on
the foundation to lay the seven brickg on the re-
turn side. This includes the three-quarter quoin
(Nr. 8, fig. 105). Level, straightedge. and square
the first course to eliminate inaccuracies'fhat may
develop during laying. Check the height of the
first course with a gage strip to assure that it is
the correct height from the foundation. Cut off
all overhanging mortar and strike the joints as
required. ' ‘.

- Next, you should spread mortar on the
return side of thé first course and lay the four
stretchers (numbers 15, 16, 17, and 18). Then
spread-mortar on the line side of the coxfrsp .and
lay the three stretchers (numbers 19, 20, and 21).
Lay the stretchers in the third course in a similar
manner to the way you laid the second. course.
The stretchers in the third course include Nrs. 22.
23.24. 25, 26, and 27. At this stage of work. you
should make sure the wall is plumb.

20. If it is necessary to aline a brick by tapping.
be sure to do this while the mortar is still plastic.
Otherwise, you will break the bond between the
brick and the mortar and it will not take hold
again. You should once again levei. straightedge.
and square the corntr. " Cut off tne overhanging
mortar and tBol the joints as nezded. Now vou
should lay the remaining stretcher brick (Nrs.
28-39) in the corner. After sprcading mortar on
-the sixth course, you should. lay brick Nr. 40, a
three-quarter quoin.. The three-quarter quoin is
*the corner brick of thg,seventh course, which is
composed of headers.” Make sure the quoin is
level, straight, and squarc with both sides of the
corner. Lay®he threc-quarter cleser (Nr. 42)
and the Lwogheader brick (Nrs. 41 and 43) 1o,
form the seventh course-in the corngr lead. Top
the sevBfth toursé with the comer brick (Nr 44,

+ fig? 105) for theseighth course. You should strike
and.toul the mortar+joints as work-progressés and
cexamire and touch up,the joints from time to time

»
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Figure 94. Intermedute leud.

as needed. Now that the corner is complctclyg‘
raised, you should brush it down to fiminate the
thin fringes of morar around the edges of the
mortar joints. .

21. Raise the second corner in the same man-
ner as you raised the first cormner and then start
o fill in the courses of brick between corners. .
When}glling in the first course, throw and spread
mortar-for as miany \bricks as you can lay and

aline’ before the mortar starts to set. Since the . -

first course, consists of a row of headers.® you
+should ‘butter €ach brick on the narrow side to
form cross joints and lay the brick using the
\Chalk line as a guide.  You should install a linc

‘to use as a, guide for theisecond course which is .

é.j‘qmposed of stretchers. You should stretch the
line across the corners with the top of the linc
level with the tp of the second course and

~
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. Figure 96. Laying brick to the hine.

slightly out away from the face of the brick. Use
corner blocks to raise the line from one course
to the next. Lay the remaining stretcher courses
(two. three. four, five, and six) and level and

o

Fignre 97 Gage sirep.

straightedge” the wall and strike and tool the joints
as.the werk progresses. Before the mortar has
set, touch up;the joints and brush down the wall. .
Lay the_brick in the backup course in the same
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WALL
FACE

JOINT

A FLAT OR FLUSHED AN INCLINED OR i A RAKED A FLUSH CONCAVE
MORTAR JOINT <+ WEATHERED MORTAR MORTAR JOINT MORTAR JOINT
~ JOINT . )
] € - . . N
g Figure 99. _ ‘Types of martar joints

7,

e manner a§ you laid the front course or face brick  course. After the project is finished, the mortar
=, .up through the sixth course. Lay the headers in  stains must be cleaned off the brick.
the seventh course in the same manner as the 22. Clesning Brick. After completing any
headers in the first course. The corner bricks in  brick laying project, regardless of how careful
the eighth course will aid in holding the comer  you are. there will be mortar stains on the bricks. *
blocks and line in plaée when you lay the seventh  To remove these stains, use a solution of hydro-

HEAVY WEIGHT -
CONVEX JOINTER

LIGHT WEIGHT
CONVEX JOINTER

HALF ROUND CONVEX (SLED RIJNNER)
S i

. . Fugure 100° Tvpes of jointers,
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BUTTERING ROWLOCK OR SOLDIER BRICK

. " COMPLETELY BUTTERED BRICK
- Figure’]01. Buttering brick. . ’
- Y o .
: N L chloric acid mixed with water, The ratio of the
NX BRICK ot - mix is 9:1; nine parts water to one part acid.
l“ HAMMER . Always add the acid to the water; acid reacts
- - .

violently when water is added. Thoroughly wet
the bricks with water before cleaning them to
prevent the mortar stains from being drawn into
the"pores of the bricks. Be sure to wear protective

» y clothing, such as gloves, coveralls, and goggles.
) before applying the acid solution. Apply the acid
. J  with a long-handled, stiff-fiber brush. Scrub an
; ; * areaof 15 to 20 square feet and then immediately
. B wash the area with clear. witer to prevent the acid
) * s Figure 102. Cutting brick., . from damaging the mortar joirts. ‘
SECOND BATTER BOARD e ' )
. <
¢
4 °
CONCRETE FQOTING
3 . ‘ , ‘ GHALKLINE '
g ‘ | FIRST BATTER® BOARD
i L]

. ) CORNER BRICK ~ .
% o : ,
Fivure 103. Corner jocution. *
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STRETCHER .
COURSES \/
HEADER COURSE
-
¢ RETURN SIDE LINE SIDE ‘
i HEADER COURSE
. ’ 3/4. QUOINS
. ”f g—
o . 5E 7
. Figure 105. Arrangement of bricks in American bond .
. course lead.
. Figure 104.  Self-chalking line box and plumb bob
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CHAPTER §

~ . #

HE MANUFACTURE of concrete block and
tile has produced another of the many uses

for concrete as a building material. The various
gizes of concrete units, the uniformity of size, and
the cohsistency of unit patterns make the units
easy to use in building construction. .

2. Stone is also used in ‘building construction.
It is found in formations in the ground from
wlnch many varieties of building stones are quar-
ned. Other stones are found on top of the ground
and are used for building purposes. Stones have
a varying degree of hardness, depending mainly
.upon their chemical compasition. When used with'
a properly prepared mafFtar, they are laid to form
strong and durable structures. .

3. Asa masonry specialist, in addition to your
work with clay brick, you will build different
types of stilzctureh using concrete. block and
stone..In this chapter we will talk about the char-
acteristics and procedures for laying concrete
block; the requirements,.types, and shapes of
good duilding stones; bonding and patterns used
in storfe masonry; and laying and cleaning stones.
Firsf, we will discuss concrete units.

Concrete llock

. There are tour basic unit.s made for com-
n concrete construction: hollow concrete block,
s¢lid concrate block, concrete building tile, and
concrete brick. The hollow concrete blocks are
classified into two types: hollow load-bearing and
hollow non-load-bearing. These blocks are made
from different materials and come in a variety of
sizes,

2. Characteristics of Concrete Units. Concrete .
units can be purchased in either heavyweight or °
lightweight construction. The heavyweight units
are usually made from sand, gravel, sifg, and |
crushed. stone. 'I'he lightweight" units are made .
from shale, coal cinders, ¢lay or slag, and other

<

‘lightweight aggregates. The use of heavyweight

or U¢htweigh units is datermined by the unit

’ avnllable and the requirements of the structure

under consideration.

3. Concrete units are made in various sh}pes ’
and sizes to fit dlﬂerent needs. Unit sizes are

70
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¢ usually determined by their nominal d.imenaions.
In other words, a unit measiiring 75 inches wide,
75/,; inches high, and 15% inches long is con-
sidered an 8” x 8” x 16” inches. When this par-
ticular unit is placed in a wall (blueprint speci.
fication: 34-inch mortar joints), it will il a
space exactly 8” x 8” x 16” inches, (See fig. 108.)

4. Concrete tile, like concrete block, may be
of solid or hollow construction. Some of the com-
mon shapes'and of concrete tile are shown in
figure 107.

5. bLaying Corner J.e.ds. The same general
rules for laying clay brick also apply tp concrete
block and tile. Corner points for a-concrete
block wall are located in the same manner as the

" corner points for a brick wall. After locating the

corner points, string out the blocks for the firat
course without mortar to check the layout. To
make sure your layout is accurateb strike a chalk
line to,aid you in alining the block.” The number
of blocks you use in the first course depends on -
the unit size, bond, and pattern.

-6, After you determine the number of blocks
for the first course, prepare a full mortar bed so
there will be plenty of mortar along the bottom
‘edges of t\he face shells. Prepare the mortar bed
.(ig. 108) just prior to placing the first block. -

7. Lay the corner block first and.position it
carefully. Be sure to lay the corner block and
all other blocks with the thicker edge: ot the face
shell "up to provide for a larger mortar.bed for
the next course of block. The arrangement of the
corner blocl; in'4 corner lead {s shown in ﬁgure
109.

8. After laying the corner block prepare the.
"-mortar bed and butter the ends of the next block
to be placed>~Hold the blotk over its final posi-

,tion and push it downward into the mortar bed
and agajnst the previously laid block. If you prop-
erly position each block in the mortar bed against
the previously laid block, you will have well-filled _
‘mortar joints. After layingthe first three or.four
blocks aline them correctly by using your level

-~ . -
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STRETCHER
(3 comre)

HALF CUT
HEADER

FULL CUT HEAOER

DOUBLE CORNER
OR PIER

SOLI0 TOP

BULL NOSE JAMB
I |' I 15
M i
Qe
STRETCHER 4°0r 6" BEAM OR LINTEL
(2 come) PARTITION

: ‘{k"
. - ' < JANNEL  STAETCHER
STRETCHER <CORNER CHANNEL  STRETCHER * CORNER CHANNEL (MODULAR )
o .
( N Figure 106. Three-celled concrete Slock shapes.

a8 z straightedge. Next, make sure they are at
Proper grade and plumb. You can check them
for proper grade with a level, and make them
plumb by tapping them with the handle of your
trowel. When the first course is completed, make
Sure it is properly alined, level, and plumb be-
fore laying the succeeding courses. Unlike the full
mortar bed used in the first course, the mortar
beds for the succeeding courses consist of face-
shell mortar beds, To form face-she‘ll mortar beds,
apply the mortar to the horizontal face shells,

| shown.in figure 110. For vertical joints, apply th

| mortar to the lips on the vertica! ed) of the block.

‘

SOFFIT FLOOR

, FLOOR

9. Build concrete, block.corners three to five
courses high before filling in between the corners.
To find the top of the unit for each course, use
a story pole or gage strip. Mark the story pole
or gage strip in 8-inch increments for finding the
top of course units or mortar bed joints for 8-inch
blocks. When building corners, each course is
stepped back a half block. ‘You ‘can check the
horizontal spacing of these blocks by placing a
straightedge diagonally across the corners of the
blocks, as shown in figure 111. .

10. Laying Blocks Between Corners. To il
in the wall between the .corners, stretch ‘a line

1 .
g 1

SOLID amtx

2*

SOL10 FROGGED BMCK.

Pigure 107. Typical concrete tile units.
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FOUNDATION

Figure 10!: Full mortar bed.
from corner to corner (for each course) and lay
) each block with the top outside edge parallel to
the line, as shown in figure 112. To eliminate
. the probability of the mortar stiffening and losing
its plastic quality, never spread mortar too far
ahead of the actuai laying of the block. After lay-
ing each -block, cut off all mortar extruding from
. the joint. In some localities, depending upon
v climatic conditions and other criteria, a full mortar
_".bed may be specified for all concrete block con-
’ - -struction.  In this case, place mortar on-the cross
webe of the block as well as the face shells. -
. 11. Closure Block. The closure block is the
last bloek laid in a course, as shown in figure 112,
“To install the closure block, butter all four vertical
cdges of the block with mortar. Carefully lower
the block into position making sure all mortar re-
mains in position. If any of the mortar should
fall, it would cause an opening in the joint. If
this should occur, remove the closure block, put
on fresh mortar, and reinstall it into positiop.
12. Tooling. All mortar is tooled after the
wall section is filled in or when the mortar has
. " become “thumbprint” hard. Tooling compacts
the mortar and forces it tightly against the units
on each side of the joint. Tooling also.produces
joints of uniform appearance. In most ‘cases,
block tooling is done with a concave or V-shaped

" RETURN
SIDE

-

Figure 109. Arrangement of corner blocks in a
corner lead.

FOUNDATION

. Figure 110. Sp\h!aéiﬂg mortar for the sgcond corner
unit.

jointer. After the joints have been properly
tooled, remove all mortar burs from the face of
the wall by brushing with a soft fiber brush. If
the mortar burs have hardened, use a wire brush
to remove 'burs,

13. Anchor Bolts and Control Joints. After
the concrete block structure walls are completed,
some provisions must be made to anchor the top
of the building. The top is attached to or anchored
by wooden plates fastened to the concrete block

.wall with anchor bolts. Anchor bbits come in
various sizes. However, the size recommended is
Y5 inch in diameter and '18 inches long. The
anchof bolts are usually placed in cores of the
top two courses of block. After the anchor bolts
are placed, fill the cores with concrete or mortar.
To retain the concrete or mortar in the cores,
place a piece of metal lath in the second horizon-

tal mortar joint (ungder the first two blocks in the .

second course from the top) and under the cores
“to be filled. The threaded end of the bolt must
extend above the top of the block far enough to
pass thréugh the hole in the plate .and receive a
nut. .
14. Control joints are used to control cracking
in masonry walls. Control joints are continuous
vertical joints built into walls at points where

Figure 111. Cheching horizontal spacing.
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Figure 112. Laying block to the line.

these stresses might concentrate. To form a con-
ting‘ous vertical joint. full- and half-length blocks
are used. Control joints can also be formed with
Special control joint blocks. These blocks have
tongue-and-groove-shaped ends and are available
tn full- and half-length units. When half-length
untts are'not available, special carbide saw blades

’

v

15. Intersecting Bearing and QNoqbearin—g

"Walls. When load-bearing and non-load-bearing

walls meet or intersect, they should be: tied to-
gether with metal tie bars. An intersecting wall
being tied together is shown in figure 113, If the
walls meet at corners, they must be tied together
with a masonry bond.

16. Lintels and Silis. To support concrete
block over openings, steel lintel angles are used.
In some of the modern concrete block structures,
precast concrete lintéls are used over openings.
To uniformly distribute the lintel load, a, full
mortar bed should be spread over the lintel. Sills
are ususlly constructed of precast concrete, and
installed aftéer the walls have been built. For
proper protection against moisture, joints at the
end of sills should be filled with mortar or calked
with compound. e

19. Stone soov s

1. Building stone which sup;;ort.s_ heavy loads
must be strong. The weight a stone wall can sup-

are used for cutting the block. The_blades_are ___PO't dePends on the strength of the stone,

inserted in portable power saws, When cutting
blocks with power saws, wear goggles to protect
your eyes. Whenontro} joints are exposed to the

weather, seal them with an approved calking com- °

pound. ‘When using calking compound, apply it
with a calking gun having a tip slightly narrower
than the joint, following the recommendations of
the compound manufactirer., The compound is
applied by inserting the tip of the gun in the joint,
pulling the trigger, and moving it up and down
along the joint until the joint is filled. Calking
compound can also be applied with a putty knife,
although better results are obtained with a gun.
Sometimes oakum is uséd for sealing control
Jomts. Oakum consists of strands of rope h(l6ose
fiber) pressed firmly in the joint and is normally
sealed with tar applied to the joint with a putty
knife. )

.
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Figure 113 Metal tie meA

S

. s o

73

2. Requirements of Good Building Stone. The
durability of stone depgnds greatly upon its physi-
cal structureand ¢hemical composition, Durability
of stone varies greatly according to the atmos-
pheric conditions to which it is subjected. A
building stone that is durable under certain at-
mospheric conditions may not be durable under
different weather conditions.

3. Good appearance is a requirement of build-
ing stone, because stone is historically renresenta-
tive of beauty in building constructionyStone that
contains too much iron should be a&:id@d. be-
cause oxidation of the iron by atmospheric con-
ditions may cause the building to be marred by
rust stains, Another requirement of building
stone is low cost. The lowest priced stone which
will_ meet building requirements should be used.
. 4. Types of Building Stone.\l.imestones,are
composed chiefly of carbonate of ¥me or varying
Proportions of carbonate of lime and carbonate of
magnesia. The stones may be close-grained,
medium:grained, or coarse-grained. The coarse.
ness of grain depends upon whether, clay, sand,
or shale is included in the formation. Generally
speaking, the stones are deteriorated by the action
of fire and abundant amounts of acids in the air.

5. Sandstones are composed of grains of sand
cemented together by silica, alumina, carbonate
of lime. or an oxide of iron. The stones may be
of Vvaried colors of cream, blue, pink. red, gray,
and brown. The best sandstones are those which
are close-grained and which contain silica or
glasslike cementing material. ~ Sandstones con-

taining lime are susceptible to acids in the air and

» -
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to fire. Those containing an oxide of iron may
stain. !

8. Granites are composed chiefly of quartz,
feldspar, and mica. Those containing a greater
proportion of quartz are the strongest and most
durable of building stone. For these reasons,
granite stone is used for foundations, bases, fac-
ings, columns, pavings, and other like structures.

7. Slates.are composed chiefly of clay and sand
which have been combined into a close-grained
stone by earthly actions of pressure, heat, and
water. It is in laminated form and can be split
into sheets and cut to size for roof facings, black-
boards, and other forms of building stone.

8. Building Stone Shape and Finish. Building
stones may be left rough, they may be roughly
squared and dressed before they are used, or they
may be accurately cut and highly dressed. Before
building stone is laid, it is sometimes necessary to
face (chip) it with a facing or napping hammer
so it will be uniform. Rough stones are used
extensively for constructing walls of small build-
.ings and fences. In many localities, stones are
picked up off the ground and used for constructing
buildings and other structures. These rough field
Stomes produce the simple bond and pattern of
rustic stone construction. e s

9. Bonding and Patterns. The bonding and '

patterns in stone construction are selected for
beauty and for the more practical-purpose of get-
ting the strpngest wall with the available stone.
Vertical joints in a stone course should be stag-
gered with the vertical joints in the courses above
and below it. The lap of vertical joints;should be
at least 4 inches. The thickness of a rubble wall
“should equal at least one-half its height. The
largest stones should be used in tlie lowest cousée.
Stratified or laminated stones:should be laid with
the layers positioned flat or horizontally. There
" are several patterns in which stone can be laid.
Some of these are uncoursed rubble, coursed

"I

BOND:NG

Mgure 11§. Uncoursed rubble.

»

Figure 115. Coursed rubble.

rubble, random rubple, and many others. The
uncoursed and coursed rubble patterns are shown
in figures 114 and 115.

10. Laying Stone. Lime mortar is normally
used for stonework above ground level, because
it does not stain the stone. However, it is not as :
strong as mortar made of ordinary cement. Mor-
tar made with ordinary cement forms a strong
borid, but it stains the stones. For this reason,
ordinary cement is used only for footings and
foundations of stone below the ground level.
Non-staining white portland cement has the same
qualities as ordinary cement and is normally used |
where stains must be prevented.

11. /f the wall being constructed must be ex-
actly/plumb and erected to a line, corner posts
of wood should be erected to serve the purpose
of corner leads to hold the line in place. Because
of the different shapes of stone, some parts of the
stone will be fartheraway from the line than other
parts. Each stone must be laid on its bfoadest
face. If appearance is to be considered, the larger
stones should be placed in the lower courses,
A crowbar is used to position large stones after
they are laid, and a carborundum stone (rub
brick) is used to-smooth rough edges of the stone.
The size of the stones should graduzally diminish

« toward the top of the wall. Porous stones should

be moistened before being placed in the mortar
bed to prevent the stone from absorbipg water
from the mortar.

12. The thickness of bed joints will depend
upon the ‘stone used. When making bed joints,

. spread enough mortar on the stone below the one
. being placed to fill the space between the two

stones completefy.

13. Head jolntﬁs in stone walls are made after °
threc or four stones have been laid. You make
these joints by slushing mortar (with your trowel)
in the small spaces-between the stonds. Filt the

v

95

Vo
7

-




. 3
larger spaces between the stones with smalllrock -
(gravel) and mortar. Be sure to form the jhead
joints before the mortar in the bed joint ha$ set.

4. Bond stone (headers) should oc at
least once in each.6 to 10 square feet of twall,
Foundations must have a header in each 5 square
feet. These stones pass all the way through the
wall or at least two-thirds through the wall thick-
ness. Each head joint should be offset from
adjacent head joints above and below as much
as possible. Properly spaced head joints; are
shown in figures 114 and 115,

15. Cleaning Stone. ixlxall cement staing on
new stonework are sometitnes left to bleach under
the actions of the elements. However, mg and
films of soot and dirt may be washed off the|sur-
face of the new stonework with soap putty.| The

consistency. Three tablespoonfuls of household
ammonia per gallon of water are mixed in after
the liquid soap has cooled. Enough white sand is
then worked into the mixture to make it putty-
like.

16. Stains. of various types may be removed
from stonework with a 10-percent muriatic acid.
water solution. A 5-percent phosphoric acid-
water solution or a 5-percent sulfuric acid-water
solution should be used with the stone or the

, mortar is white. By the use of this solution, the

slightly yellow discoloration which may result
from the use of muriatic acid on these materiais
is avoided, "All stone surfaces treated with acid
solutions must be thoroughly washed with clean
water to neutalize the acid and stop further-

. chemical action. Protective clothing such as7gog- .

gles, rubber gloves, an apron, and boots should /
be worn when cleaning with chemlcals.‘
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" ¢ CHAPTER 6

Cgr“amic and Quarr‘y Tile.

-

FROM 'ANCIENT times man has used thin
baked clay shapes (tile). to cover other struc-

tures. Specimens of tile made in-6000 B.C. exist

in museums of the world. Ongmally the word
“tile,” as related to building construction, referred
to the baked clay tiles used to-cover floors, roofs,
walls, and other structures.

2. Today there are several types of building
material referred to as tile that are used to cover
various parts of structures.” In, most cases, tile
made from®products other tham®clay are desig-
nated by placing the type of material before the
word “tile.” Sotne of these are aluminum, plastic,

asphalt; and acoustic. -~

3. Asa masonry specialist, you il be working
with ceramic and quarry (clay) tiles. Any tile
made of clay and baked in kilns is called ceramic
tile (this includes quarry, tile). In this chapter
we will discuss the manufacture of tile, common

i

remove most of the water. The clay mixture is
then fed-to the mechanical tile press line, where
it is distributed over steel dies. The press descends
on thg clay material and a moving blade pushes the
newly formed ule onto a conveyor, where it is
inspected. B -

4. Inspection passed an automanc brush
cleans the tile before it enters 2 metal inclosure
‘where glazing material is applied to the top surface
with automatic spray guns. The type of chemicals
used in the glaze determines ‘the color of the
finished tile. The glaze on the tile dries quickly
and the tiles are unloaded from ‘the conveyor belt
into setters, whrch are ceramic racks used to
support the txlc in the kiln, The setters are then
placed on krln cars that carry the tile through
the ﬁnng krln. .The kiin tunnels are a couple of
hundred feet in.length and it takes the tile approx-
1mately 24 hours,to pass_through the tunnel. The

tile shapes, classrﬁcanon of tile, uses of . tile, ands * ‘tempcrature in the center of the tunnel is about

tile trim, ‘The procedures for preparmg “wall and
floor surfates to be tiled, Setting ' wall and floor
tile! cutting tile, and care;bf tools ‘and " equipment,
‘will also be discussed, - ~, .

T 20, Mcmufamrn, Dcsmphon, and Usos

1. Before you, can set tile. you need to know'
" something about it So you can make sure that the '

best and inost economical tile for the job is

selectéd. To help you understand the. character-

istics of tile, we discuss its manufacture, size,
‘classification, and_use.
2. Manéfacture of Tile, Over the years, there
have been many changes ‘made in the manufactur-
- ing process of ceramic tile. It has charged from
a crude’ manual process to a completely automatic
process. Two general processes are now used to
manufacture tile: the dust pressed process and
~the plastic process. The dust pressed process is
used to make ceramic wall and floor tile. (Eﬁramig
- floor tile have the same color thro ghout the tile.
instead of only a surface glaze like wall tile.
3. In the dust pressed procesF the' dry ingre-
dients are mixcd with water and then finely ground
The mix is then passed through a filter press to

~of th

2,000° Fahrenhert and the tile reaches this fem-
. Perature gradually as it approachcs the center

- _ and theit gradually cools as it rcaches the end of -
the tunnél” The uniformity of the tile is due to .-

the exacf ontrol of the kiln temperature. * After-
the tile leaves the tunnel.-it is inspected for size,

warpage.” and variation in the shade of. color.

The product is now feady for §hipment

5. Hloor tile does not receive a glaze.” Because
small size of ceramic mosaic floor tile and
for casc of installation. they are mounted in various
pattems The tiles are assembled and glued to
a piece of; kraft paper so that the mdwrdual tiles
are; held in position during installation.

6. Nonslip tile is, madc by adding a smalls
percentage of aluminum oxide powder of a pre-
,determined grain size, to the tile mix just before
" the pressing operauon

Thev do not require the prc

ctcd bf regular wall and floor tile. or

the uniformity of clay in the mixture. Quarry tile
have a dense body. Thev ire unglazed’ and are,
made in colors of orange. red. and brown The

> . (
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metrical shapes have-brought about the develop- ,

ment of still othér tile forms. :

".+10. Classification of Tile. The, c;qrémic tile in-

dustry has adopted a Classification for ceramic
tife based on the percentage of water the tile
* will absorb. On this basis there are four classes
of tile: ‘ ’ )

N '; - 6"x6" 11. Uses of Tile. Ceramic tiles are used to 3
, ' / cover various floor and wall surfaces.+ Yoy
I . : wouldn’t thinésclf/ using g glazed tile in the con.
\/ struction of a Patio, anymore than you would yse
’ . quarry tile to cover a bathroom wall. So let's
‘o : discuss the variods ceramic tiles and where they
\ are used. . ~ .
T . 12." Glazed interior rile. This is the type of >
tile you will be working with the.most. It is a °
nonvitreous tile, having either a buff or white body,
. and is coated with 2 number of varjous color
glazes. It is used mostly for covering bathroom,
, shower room, and kitchen walls. (It ‘comes in e
. squares, oblongs, hexagons, and octagons. The
- most popular size is the 4347 x 4147 square tiles.
L, . ¢ It comes in thicknesses of ¥4 and ¥8.inch. Some* ’
) e o - of the glazed wall tile sizes arc shown in figure *
‘ - N i 2 : :
Y . ) . 13. Ceramic mosaic tile. This type of tile js
] : a-vitreous nonglazed tile and is available in red,
* . . . : brown, blue, black, and gray through the body
< . . 'Flgurc 116. B.tmc 6-tncl square. of the tile. It is used mostly Yor bathroom and
. ) . o shower room floors. Mosaic tile' comes in squares, *
calor depends on the iron dxides in the clay from  opjongs, hexagons, and other shapes. The small
, which they are made. \ pieces of mosaic tiles (12” x 147, 17 x 17,27 x 17,
. - - 8. Quarry tile is made by the plastic process  2”x 2~ etc.) are glued to kraft paper and delivered
. in which the clay mixture- (containing about 25 . (o the job in sheets of various sizes. The thickness *
_ to 30 pereent water) is extruded and el tiles  of this tile is ¥4 inch. A piece of kraft ‘paper -,
s v are cut 16 length by medns of a wire. THe they  rounted ceramic mosaic floor tile is shown in
» are fired in the kiln. Now that we understand the  figure 1 8. The tile is always laid with the kraft
process of manufacturing tile, let’s discuss the  paper facing up. Ceramic mosaic tile with a
various tile sizes, . . 8lazed finish is_also available for walls,
9. Common Tile: Sizes, -Tile can pe ‘Oobtained 14. Glazeti, exierior tile. This is weatherproof
in a variety of sizes; The 6-inch square, in figure  tile and: s similar' to glazed interjor dile. The
116,. is the basis for the standard sizes of tile.  main difference’is that this tile has a semivitreous
Tile shapes and sizes Have been developed by  or vitreous body which enables jt o withstand
g dividfng‘the squaﬁe into diagonal halves, quarters, severe freezing. It is used for covering fronts of
and smaller squares, Other divisions of the square buildings, s?\dmmiﬂg pools, etc., It is available
into oblongs, ‘hexagons, octagons. and other geo-  in the sizes and shapes as glazed interior

tiles and can be obtained in a variety of colors.
15. Quarry tile. This is an unglazed tile, hav-
ing 4 dense body, available in colors of orange,
red, and brown. Quarr¢ tile s impervious. These
tiles are very durable and are resistant to freezing,
abrasion, and moisture, They are used to cover

(1) Nonvitreous - A tile that will absorb mora
than 7 percent of its weight in moisture.
. (2 Semivitrequs - A tile that wil absorb more
! than 3 percent, but less than 7- percent, of ijts

A" x 41y b x4 6 23"
weight in moisture, .o ) ! .
v (3) Vitreous - Atile that will'absorb fess than : . . . X
3 percent of its weight in moisture, :
(4) Impervious - A tile d)at will resist the ¢ ' ot 7 ' T
* absorption of moisture. .
o . The semivitreous and nonvitreous -tiles must be e popre PRrE

soaked in water before they are laid to prevent
them from absorbing water from the mortar.
N ’ . ™

Figure 117.  Sizes of glazed wall lile\s.
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floors in pubﬁ/build'ings and for suchresidential
purposes as ‘entranceways, patios, etc. They are
normally- made in 6” x 6” squares and 6”x 9”
ablongs andsyange: from % to 1 inch in-thickness.
The smooth face and the grooved back of a,quarry_

tile is shown in figure 119, The tiles”are laid .
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) " Figure If8.' Ceramic“{nosax'c tile. o* *» K
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with the smooth surface facing up. -

16. Tile Trim. For the tile setter; the word
“trig”, refers to: vax:ious “kinds of tile moldipgs’
used to give % finished appearance to floors, walls,
and other, types of work. These pieces of tile have
rounded corners.and serve as'starting and stopping
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Figure 120. Tile trim shapes.
4 ‘<

places for tile\work. The most commonly used
types are the cap, bullnose ‘quarter rounds, base,.
and angles of'various shapes and sizes for making

- leSs than 14

turns. Some tile trim shapes aré shown in figure _

120. .

17. Tile trim may be of the same color as
the main body of wall or floor tile. or it may be
used for cogptrasts. : -

21.. wall Yiling e

I. . There are two different methods.and ma-
terials used for applying the base-material 10 hold

the tile to .the wall: the plaster method, whichw

is similar to plastering @'wall; and the dry wall
method, which conslsgs of applying a small amount
of adhesive to the back of each tile. Some people
refer to the'dry wall fnetfiod as the buttering
«method. Let’s first discuss the plaster method.
i+ 2. Plaster Method." Preparing a wall* surface
to receive tile i3 almost the same as preparing it
to be plastered. . All'walls to be tiled (except
masonry and plaster walls that have good suction
and are in good condition) must be cbvered‘with'
metal lath backed with waterproof building pgaper.
Before applying the lath, make sure you remove the
baseboard (molding at the bottom of the wall)
and any other objects that will interfere with the
placement of the lath. Like in plastering. special

. sists of 1 part portland cement,

~

After the inetal lath is properly secured, you can
start to mix the mortar. '

" 3. There are three coats of monar used in pre-
paring a wall surface to be tiled: a“Scratch coat,
float coat, and a neat coat. The _scratch coat
consists of 1 part portland cement to 3 parts sand,
with the addition ,of 10-percent hydrated lime by
volume of the cement used. The float coat con-

1 part hydrated

.Jime, and 3% parts sand. The neat coat chnsists
of a mixturé of portland cement and water mixed

+10 a consistency of putty: L -

4. After properly mixing the materials for.

the scratch coat, apply the mortar4o the lath or
clean concrete or pjastered wall according to the
thickness indicated on the drawings but in no case,
inch thick. While the mortar is still
plastic, score or scratch the sy ace Ywith a scar-
ifier. Keep the scratch coat moist until it is damp
set before applying the float coat.

5. After
the mortar to fasten the
wood % inch thick and 1 inch wide) securely
against the scratch coat. To do this, apply a
strip of mortar about 1% inch thick to the wall
and press the base screed firmly against the mortar.
This wwill temporarily Hold the base screed in
place. Then apply mortar to an area (against the
sides* of the base screed) 3 inches on each side
of the base screed to be sure it will stay in place.
Now tap the base screed into the mortar with the
handle of your trowel until there is % inch between
the front side of 't & screed, and the scratch coat.
Like in plastering,[the screeds will act as a guide
to help you obtain\a straight wall with a,i.miform

~

base screeds (strips of

properly *mixing the float coat, useN

thickness during th screeding off process,' Apply -

the float cQat betweeh thé base screeds and screed
the surface off untjl it is level and plumb. Use
a level to make sure You haveé a true surface.
Now you are ready to mix the neat coat and start
to-set 'the tile. T . O

6. Before wall tile™can -be set it must be
thoroughly soaked in lwater. Soak the tile in a

gm0

- mortar-box or large bucRets for 1 minimum of |

3" from the neat coat.

[N
T

* furring nails are used to hold the lath in place.

82

hour to prevent the tile from drawing moisture
There are two methods used
for applying the neat coar of poriland: cement
mortar:  the floating method and the buttering
method. The: floating method consists of applying
a skim coat of mortar about s inch thick to a
section of wall surface that can be covered with
tile within 20, minutes. If the tile is-not set within
20 minutes, the mortar will dry up and the fjle
will not adhere properly to the mortar. When the
floating method is used. the tile must be snapped
into place to force the ajr from behind the %ile.
Using the buttering method, you apply abéut 14,
wch of mortar to the back of each tile. When
this mc.thod is uscd. at least 60 percent of the
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~ back of each tile must be covered with mortar
after it is set and tapped into"place. (The butter-
ing/method is always used 20 set tile trim). Now
that ypy understand the, two methods of applying
the neat coat of portland cemeit mortar, we will
drscuss the procedurest for setting wall tile. »

§, © Setung wall tile. When tiling a wall, always

et tne cove base tile (tile at the bas¢ or bottom
of the wall) first. (The cove base tile was shown
W fig. 120). Starting at one end of the wall,
outter the first

» Pressiu firmly into place. Using the handle of your
trowsl tap the tile to insure that the mortar is
¢vemy spread behind it Set the remaining cove
base dic n the same manner. Some ceramic tile
Raye tues at their edges which correctly space the
‘'3 'y, inch apart. Whether or not the tiles have
iugs Jn2ads on the manufacturer. [f the tiles
4 00 asve lugs.’small rubber spacers can be
purcrased o properly space the tiles. If rupber
pecers are not available, use round toothpicks to
‘Pacz e tiles by pushing them between 51:: tiles
va.-tinrd the length of, the toothpick into the
mortac  After the cove base files are ‘set, you can
start setting the wall tiles.

S Using the buttering method, pick_up the
tiles one at a time, butter them and set them in
4 horizontal row just above the cove base tile.
Make certain that the friction bars (ridges) on
the back of the tiles ‘are horizontal. TFap the. tile
Jightly with the -handle of your trowel as you set
them on the wall This wil] set the tik firmly
CNougn to eep it in place.” Comtinue setting the
tile until you have one row extending the length
of the wail to be covered. After completingg the
"first row. check the joints to make sure they are
all the same width and use .the point of your
pomting trowel to adjust any tiles’ that are not
spaced properly  If you are using tiles with_lugs,.
the lugs should come together and touch.

This

cove base tile with mortar and,

Y
.

tiles is shown in figure 121. If the reading is level,
push up any low tile to the bottom edge of the
level by raising them with the pbint of your
pointing trowel. If necessary, place a nail, a
small tile chip, or a wedge of mortar under, the
. tile’you lift to hold them in* place until theyTset.
If-the tiles are not level raise them up against
the level until you get a level reading. After you
get-a level reading. bring the remaining tiles to
"the line‘established by your. level.

10. When the first row of tile is level, set a few
moré rows using the same procedures. Level the
rows as you complete them. After the tile wall
is raised to the desiged height, according to the
drawings and specifications for the job, butter
and set the' bullnose cap at the top of the tiled
surface. Any vertical joints that need adjustment
can be adjusted by eye. Now that the tiles are
set in position they must be beat into place, the
tile and their joints nist be cleaned, they must
.be floated back into position and their joints must
be grouted to bring the entire surface into a uni-
form smooth plane. First, the tiles must be beat
into place.

1. Beating tile. After tiles are set, they must
be beat into-place if a smooth wall surface is to
be’ obtained. Variations in individual thicknesses
and differences in depth to which the tiles have
been.set make it necessary to bring the whole
surface into a uniform, smooth plane. The only
tools needed for this operation are a hammer and
a wooden block. To beat theé tile into a‘smqoth
plane, hold the block at one end with the flat
side against the surface of the tile. Then move
the blockMlong the wall and beat the tile in, as
shown in figure 122. After completing the beating
operation. clean the tile joints to allow room

- for the grout material and to prevent the dark
mortar from showing through the white grout.

will provide assuitable joint width. o
S After you' have laid one complete row of -
wall ule. place a level on top of the tiles to make
sure they arg level. The proper method of leveling
| 1 . 4 o
\ . A ;
e —'I . .
T h
. P I4 : o <
[ I~ ;
i <\,
S s . —— - . 14 - r .
roure 121 Leveling wall tife., . Figure 122.  Beating !~
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12. :Cleaning tile. All that is required to clean

. tile is a scrub brush, @ bucket of clean water, and

a soft cloth. First, wet the brush.and gently scrub
the joints to remove any sand or mortar that
may be between the tiles. It may be necessary
to scrub the joints more than one time to remove
all the mortar. After the Jomts aro clean, use a,
moist, damp cloth to clean the trle surface. .
-13. Floatmg tile. The purpose of floating a
tiled surface is to aline the tile agd space the
joints lrke they were before they werc beat in.
During the process of beatmg the tiles. you will
have set up considerable vibration and brought
n]orsture to the surface (back of the tiles) that
may have caused some of the tiles to be loose. To
o get these tiles back i their proper position, you
must gently float the tiled surface with a beatmg
block. Hold the block with the flat face against
the tiled surface and move it back.and forth,
applying very little pressure, as shown in figure
423. Adjust the space between the joints with
the point of your pomtmg trowel. Allow the tiles
to set for at least 30 minutes, while you are mixing
the-tile grout..
14.- Groutmg tile. Grouung seals the ‘joints
between the tiles and gives’the surface a finished

°

appearance. Thé success of any tile job depends,’

_ greatly on the application of the grout. To mix
the grout, pour about. 1 inch of water into a clean
bucket and add about two or three handfils of
white portland cement grout. Add enoug cement
to make a thick paste, because the tiny lumps of

»

ot e,

v wall and fl

cement will mix easier when the: mix is thick. .
@!r the grout is thoroughly mixed. add enough
ater to ‘give thé mix'a thin creamy consistency.
15. To apply the grout to the tile joints. dlp
a water brush (long-fibered pamt brush) intp ‘the
grout and brush the grout in various directions
Jboth’with and across the joints until they are Hush
'with the surface of the tiles. If the joints are not
properly taking the grout, dip the brush,into
water apd this will make the grout thin-cnough to
_penetrate into every joint. When all the joints
are filled flush with the surface of the tiles. you
can start the washing process.
16. \ The initial washing is done with a cleun
water brush and a buckef of water. Wet the
* brush and wash the surpjus grout from the joints.
“After going over the surface a couple of times
. with the water brush, wipe the surface thoroughly
with ‘a soft, damp cloth, usmg a crrcular motion.
After nearly all the grout is removed from the
surface of the tile, finish smoothing off the joints
by gently rubbing over thegn with a damp cloth.
Try to bring all joints to an even depth of 14a
inch below the sufface of thetiles. As the tile

—~~

5,
-

* joints dry {cure), work.the joints over lightly = -

. with a damp cloth to~prevent them from"drying
fast thereby causing the grout to crack. As long
, as the joints arc rubbed with a damp cloth, there
will be a thin film of grout on the tiles. When the
tile joints arc properly cured, clcan the tiles, by

rubbing them with a'soft dry cloth. 3

* *17." Dry Wall Method. The dry wall.method
of setting tile is the easiest and fastest method.

AIt congists of buttering a” small amount of tile
. adhesive (about 3:inches in-diameter and 4s

- inch thick) to the back of' ‘each ceramic tile and
setting the tile on the wall. Using this adhesive-
you can set wall tile directly on gypsum wallboard,

- painteg plaster, brick masonry, concrete. plywood
and asbestos board surfices. After setting ceramic
wall tile with the adhesive, beat, clean, float, and
grout the tile’in the same manner as vou drd when
you t%sed the plaster method.

Cerantic mosaic tiles are used to cover
walls and floors. The only difference between the

r tile is that the wall tile is glazed and
‘the floor tile is not. Tile adhesive is preferred
“over portland cement mortar for setting ceramic -
mosaic wall and floos tiles because it is easier
to work with., Portland cement mortar sticks ‘in
the jotnts of the small paper-mounted tiles causing
the joints to be very difficult to clean The biggest -
difference in _Settfng regular “céramic tile and

" deramic mosaic tile is in the application of the
adhesive. *When setting ceramic mosaic tile, apply
the adhesive 17, inch thick to the surface being
tiled rather than to the tile. Do not leave any
bare spots on the surface Most tile adhesives will
set up,in about 10" mlnutes 0 don't apply the tile

84 v
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adhesive to a larger area than you cap finish
within that time. Since there are differént types
of tile adhesive, follow the manufacturers instruc-
tions on the contairer. After applying The tile
gchesive to the wall or floor, set the sheetd of
tle n place with a slight sliding motion so that

" you will break™the initial film set that forms on

op of the adhesive. Try not to slide the tile so
mucp that some of*the adhesive is forced between-
the tiles . . .
19. Level the tile by working a bedting block
nack and forth over its surface. After teveling the
tiie. place the beating block against the tile and .

@p i lightly with a hammer to force the small *

tiles to lay flat in the adhesive. Be sure that there
are no ridges between the tile sheets.

=0. After'the ule sheets have set in the ad-
nesive for a minimum of 30 minutes. vou can re-

. move the kraft paper from the top of the tiles.

This 15 done by wetting the paper with a sponge
antil the glue (between the paper and the tile)
softens. After removing'the mounting paper. adjust
the individual ties. if necessary, with the point
of sour pownting trowel. Allow the adhesive 24"

; hours to set hard before you grout’ the tile.

21 Before applying the grout. check the tile

wints o he sure that the tile adhesive is not in

the jomts.” If some of the joints need cleaning,

use a sharp knife to remove the adhesive from -
e joint Wipéshe surface of the tile with a damp

cloth until it i clean, and grout and clean the

ules as previously explained.
22. Floor Tiling “

I In most respects. the procedures for install-
ing floor tile are the same asfor setting wall tile.
However. there are some minor variations which
we will cover in this section.

2 Quarty tile can be set on wood or masonry
floor surfaces. Let'sssay for instance you are
<ct'ting quarry tile on a concrete floor. Y.ou should
iirst examine the surface for defects such as_cracks
and chipped areas, and then make The nec::sﬁ'y‘,
repairs You should also chetk for low spBts in
the concrete, by placing a long level or straight-

* edge on the surface, and mark the low areas with

chatk - When setting the tile. use additional iortar
at these Jow areas sq the tile surface will be level.
»4 concrete surface to be tiled must not be smooth
reause mortar wilkhot properly bond to a smooth
surface. If the sdrface is smoath. you will have
to roughen it. To roughen a concrete floor. use

- 2 sharp-pomted bulinose chisel and a hammer.

Chisel spots_abouy, | to 1% inches apart.‘and
about 15 inch deep over the entire gurfafe These
rouzh spots will assure vau of a good bond between
the mortar and the concrete” .

3 Beforeyou are ready to set the tile, check
the sxarung comer Of the base surface with a 2-foot

.
Iy

*

STARTING CORNER .-

I~

N

el

e e e

Figure 124.  Cheching starung corner for squarencess.

steel square. The corner might be squ'are or it
might run out,as shown in figure 124. Using the

- square, draw lines at right angles to each other on

the base surface to locate the first row of tile. These
lines will show the out of square runout of the
surface. They will also indicate if it will be
necessary to cut some of the tiles on an angle

“to prevent the runout. After you check the sur-.

face for squareness, you can start mixing mortar
and prepare to. set the tile.

4. Setting Floor Tile. Quarry tile is set in
a bed of cement mortar, about Y% inch thick, con-°
sisting of a mixture of 1 part portland cement to
3 parts building sand. After properly mixing the
materials, spray the concrete slab witl water where
the tile are going to be set. This will Srevent the
concrete from absorbing water frorh the mortar
used to set the tile. Repeat the wetting of the 'slab
at intervals if the concrete surface tends to dry out.

5. The mound system is usually used to lay
quarry tile on masonry stxrfaccs. It. consists of
placing five small .mounds ‘of mortar on the back
of each tile, as shown in figure 125. Using your
trowel, appdy a small mound of mortar on each
corner and one in the center of the tile. Then turm

" the tile over, set it on the slab, and tap it lightly

with the handle of your trowel or a mallet and
this wlil spread the mortar evenly over the bottom
of the tile. Check the tile to be sure it is level.
Normally, V2 inch joints are used between quarry
tiles: so set the remaining tiles in the first row
Y2 inch.apart, using small picces of wood as
spacers. When the first row of tiles are set, place
a straightedgé or a long level over them and
adjust the tiles by lifting them (adding, mortar) or
by tapping them down with a mallet until the
row is level. After leveling the tile. check the
joints to make sure they are the required width.
When.the first row of tile is level and the joints
are the desired width, start setting the remaining
rows of tile using the same procedure that you
used to lay the first Q- When you are finished

N
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Figure 125, Mound system of applving moruar.

setting the tiles, they must be beaten in,. cleancd.
leveled. and grouted. *

6. The beating in, cleaning. and leveling can
be done in one -operation.  Using hnecling and
walking boards to prevent walking on the newly
set tiles, beat the tiles in with a mallet, clean
them with a damp‘cloth, and level them. Continue
doing sections of the floor in this manner. working
from board to boatrd, until the floor is' finished.
You shouid grout the tiles.within 2 or 3 hours
after they are set so a good bond will bé obtained
between the mortar used to set the tilés and the
cement grout. When grouting quarry ulc. you
can prepare thc  grout, mixture with the same mzrc-
dients as the cement mortar used to sct the tiles
or with white portland cément growt. The grout
mixture for quarry tile is made up of 1" part
cement to 2Vi“parts sand. Add enough water

(to the mix-'so jtehas a creamy consistency. Before
grouting the tiles. remove the wood spacers. After
drouting a section of the tile joints. rub a wet rag
over them to force the grout into the joints so
that they are filled just below the surface of the
tiles. Continde this procedure until all the joints
arc grouted. [f necessary. work the joints over
with a jointer.

7. When the grouting wcnmpleted wait about
30 minutes and wash the tiles with 3 wet cloth
10 remove any cement spots on the tilds. Then
rub over the tiles with a dry cloth. Keep the joints
damp for at leagt 24 fiours so the grout will
properly cure and prevent the j 10|ntq from cracking.
You can cure the mortar joints by placing wet
burlap bags over the flopt surface.
remove the burlap bags. wash the tiles with water

once again\ If the cement grout causes discolora-s

tion of the tiles. the true color of the tiles can be
restored by applying one or more ¢ats of linseed
oil qver them. '

8., Use tile adhesive to sct quarry tiles on wood*

surfaces. Wood floors must be sealed before the
tiles gre set. You can seal the floor by applying
one or two coats of shellac. Allow the shellac
to dry thoroughty before vou sep the tile. Apply
the adhesive to the back of the quarry (%4 inch
thick) in the same manner us you applied it to

When you

ceramic tile. Use the same process for._ finishihg
the floor that yoy uséd fer setting the tiles with
cement mortay. There will be times. when you
will have to cut tiles to make them fit properly.

.9. Cnmng Tile. Cuttmg tile is a very simple
opcratlon “The ~tile cutting macline, shown in
figure 126, is a mechanical device“provided with
a measuring guide and a s¢oring wheel. Using
this device. you can cut ceramic or quarry tile
to different sizes and shapes in a matter of seconds.
Before cutting a tile, draw a line_on it with &
pencil and a ruler where you want the tile to break.
Then place the tile at the back edge of the tile

cutter. firmly against the measuring guide. as

shdwn in figure 127. Move the adjustable gage
against the side of the tile and lpck it when you
have -the mark for.your cut directly below the
scoring wheel. Hold the handle of the tile cutter

.firmly and, beginning at the edge of the tile

furthest from you. pull it toward you. caysing the
tile cutter to ride over the tile. This will leave
a score line on the tile. as shown in figure 128.
Lift up on the handle and position the breaking
bar (the cxtension at the bottom,of the handle
which runs at right'aﬁglcs'to‘ the_handle) over
the center of the tile. Press down on the handle
until the,breaking bar is touching the tile and
then apply more pressure to the handle until the

tile breaks. as \hnwn in figure 129. This will give .

yau a clean cut’ If there are ahy rough cdges on
the tile after it |s cut. rub, the rough spots off with
a carborundurh’ stone. : .
10. Wheh it is necessary to'cut a small amount,
off ‘the ecdges of tile to fit around protruding
pipesgtc.. the tile nippers are the most convenient
hand tool to use. A tile cut to fit around a pipe
and the tile nippers used o cut the tile arey’ . b
shown in figuré 130. If available. a tile <aw c’dn\
also be used to cut the tile. Mark a line on the
tile where you want to make the cut. A€you cut
the tile’ along the line with tile nippers. make

small cuts breaking:off a little tile at a time until

the area i cut out. Dop't try to cut an area on
the tile, like that shown in fighte 130. in one or
two cuts because the tile might break in the wrong
direction. Use a small carborundum stqne tQ,

-émooth the cut edges of the tile. ,

23. Care of Tools and Eqmpmem

1. Masonry and concrete tools and equipment
,must be cleaned immediately after each, use. If
cleanmg is delayed. the moPar or concrete will
harden and’ make the cleaning very‘daf’ﬁcult In
Mmost cases. you can remove ooncrete and mortar .
from tools and .equnpment by wakmg them with
water.

2. To prevefit concrete from sticking to the
outside surface of a concrete mixer. apply g light ,
coat of oil to the surface of the mixer iefpre
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using it. When storing a concrete mixer for a long
- peribd of time, apply a light cqat of oil or grease
v to all unpainted parts of the mixer. Immediately

of coarse aggregate and water'in the mixing drum
. - and run the mixer for a few minutes. The action
« of the water and the aggregate in the dritm: will
. wash away the loose concgete. Before each use
. the mixer must be serviced, gréased, etc., ac-

‘ }ofdid%]to the manufactirer’s instructions.
' 3. Clean and oil all metal parts 6f hand tools

to prevent them from rusting.- If the“tdols are

used with tars or adhesives, clean them ‘with kero-
sene or naphtha and apply a light coat: of ,0il to

\

D - them, See that all cutting tools are kept sharp

' o ~

. . . Figdre 126. Tile cutting machine, -

after using a concrete mixer, place a small amount .

‘and"handles and other broken parts

. M . :

. :
of the tools
repaired or replaced. Store hand tools orf shelves
or racks’ih the tool crib or tool room. If tools
l stored for long periods of time, coat
parts of the tools, with rust-preventive
compound\and wrap them ia heavy paper.

4. Before using powet tools, inspect them to
be sure they were serviced. At the end of each
workday, and before they are stored, all power
tools should be cleaned, inspectéd, and serviced,
Store small power tools in racks, closed cabinets,
drawers, etc., prevent them from collecting
dust. The inspection and servicitg of all power
tools and equipment should be”in accordance
with the manufacturer’s instructions.
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CHAPTER 7

PR

\ .
. ’ ~

- Estimating

v -

[ . 2

€en written on the Process and procedures /
for estimating construction projects, Many of 15
< ! these books are used in estimating building con- *

. struction costs, They contain tables which give
thelamounts of materials and time required to do

of figuring was required to make an estimate on
a complicated job, Basically, the finaj estimated
.cost for the masonry work on the job was derived -
from the materia} and time required to construct

one square foot of wall, floor, or roof, .
D 2. When you are given a work order for a

and quarry tile, ~ ' 0

3. Thete are two types of estimates you will

. REFERENC’E‘ books by the hundreds have . STEEL WIRE MESH 6°X6"X#10%# 10
b .

be working with: quantity and time estimates,

The most important factor in estimating data js - P.C. CONCRETE DUMPSTER PAD

the quantity of materials- needed ,to complete

1]
‘a job. Ouantity estimates are those which indi- Figure 137, Portiand cemenr concrete dumpsler'pad.

cate the amounts of material required for 5 given

. unit of construction, The basic units used in g figure 131. The drawing indicates that the

' estimating’masonry work are: square feet, cubic Project is a portland cement concrete dumpster,

. feet, and cubic yards. Time estimates are those  pad 15 feet square and 6 inches in thickness. To
. which indicate the time required to constuct or determine the number of cubijc yards needed, mul-
’ apply the - building Mmaterials  upder given tiply the length in feet, by the width in feet, by the

conditions,

thickness in feet, and divide this product by 27.

y : 4. Let's start our discussigh on estimating by ~ When you multiply these numbers (15’ x 15
S} covering the procedure for making estimates on X 0.50"), the product will be [12.50 cubic feet,
- concrete construction, ‘ To convert the 112.50 cubic. feet to cubic yards,
: - ’ . divide by 27. The result of this division js 4,17
24. Concrete < cubic yards,  This is the amount of concrete you

L. To estimate concrete, determine the number  will need to ‘ééfppléte the
" of cubic yards fecessary to complete 5 given  percelit of the tota] amoun

S 96 ¢

job. There are 27 cubic feet in ] cubic yard.  Five percent of 4.17 cubic yards is approximately
Let’s say, for example, you are given the drawing - 0.21 cubic yard. The tota] amount of concrete



TABLE 4 . C-

N Ma FOR CONCRETE ) . ) .
- ? ] P
v .
cu.| 1:1.5:3 r 1:2:3 1:2:4 1:2.5:5 1:3:6
FT. | 1= 2% 3 [1= [2=  [3% Ix- J2= 3 Jlx J2% 3% |I» [2% Jan
100 | 28.0 | 42.0 § 84.0{25.8(51.6(77.4 | 22.0{44.0 | 8870 /18.0/45.0/90.0"]10.0} 48.0]96.0
50 1 14.0 | 21.0 1 42.0]13.0)26.0(39.0 | 11.0{22.0 | 44.0 | 9.0|.22.5]45.0] 8.0]24.0{48.0 |.
40 |11.2  16.8 | 33.6[10.3}20.6(31.0 | 8.8|17.4 | 35.2| 7.2}18.0]36.0} 6.4 19.2138.1
30 | 8.4 { 12.6 | 252 | 7.8{15.5]23.3 | 6.6[13.2 | 26.4| 5.4/13.50127.0} 4.8} 14.4]28.8
20 | 5.6 8.4 | 16.8 | 5.2[10.4[15.6 | 4.4) 8.8 | 17.6 3.6 9.0/18.0]) 3.21-9.6]79:2
/7‘10 2.8 | 4.2 8.4 2.%| 5.2] 7.8 | 2.2} 4.4 8.8 1.8] 4.5] 9.0 1.6f 4.8] 9.6
L 9| 2.5 3.8 7.6 2.3] 4.6f 7.0 ] 2.0 4.0 8.0| 1.6f 4/0f 8.0| 1.5 +.3| 8.6
8 2.3 8.4 6.81 2.0 4.2} 6.3 .8 3.5 |* 7.0} 1.4 3.6 7.2] 1.3} 3.8] 7.8
71 2.0 3.0 6.0f 1.8] 3.5| 5.4 1.5 3.0 6.0f 1.3] 3.1 6.3{ 1.1] 3.4| 6.8
6| Let 251 s.0f 16| 3.2|a6| 1.3} 2.7 s5.3]1.1] 2.8} 5,5] 1.o| 3.0 6.0}
5 1 1.4 2.1 4.2} 1.3 2.7 4.0 1.1y 2.2 | 4.4} 1.0 2.3 4.5| .8| 2.4{ 4.8
41 L1 18 3.11 .0} 2.0§ 3.2 .81 1.8 3.5 .7f 1.8] 3.6 .6 2.0| 4.0
3 .8 1.3 2.5 .8} 1.5] 2.3 L7 L3 2.6, .5t l.5{ 2.7 .s| l.s}| 3.0
"2 .5 .8 .6 .5] 1.0] 1.5 .5] .8 .8 .3 .9 1.8} .3} l.of| 2.0
1 .3 .5 <81 .31 .5} .8 2] .s .8 .2y .s|o) L2l Lstolo

=] Bags of cement.

w2 Cubic feet of sand,

%3 Cubic feet of stone.

- :

needed to complete this job, including loss or
water, would be 4.38 cubic yards. This procedure

- is also used for, estimating plaster.

‘2. The estimated cost of mixing and placing
concrete- depends on the methods used, the size of
the job, and other factors. Normally, very little
hand work is done any more except on small jobs.
The proportions of ingredients for estimating from
I t0:100 cubic feet of concrete are given in table’
4. One man should be able to hand-mix from
2 to 2Y2 cubic yards of concrete in an 8-hour
day. Inexperienced men will mix about 25 per-
cent less concrete than an experienced man. When
the concrete must be wheeled from the mixing
site to the placing site, extra time must be added
to the mixing"time depending on the haul distance.
The air temperature and the experiencesof the
men placing and finishing the concrete must also
be considered. .. .

3. Concrete mixtd in small mixers is mixed
and placed at rates of 6 to 6% cubic yards per
day, and it takes from 8 to 10 gen to run a job
at this rate. We must also consider the methods
used in loading and hauling the aggregate. water,
and other materidls and equipment to the job
site. If equipment is not available ta load the
aggregate and other, materials, more time and
manpower will be needed to complete the job
As you can see, time estimates are Jyery difficdlt
to make unless you are familiar with all the factors
of the job that must be considered. The mafing

97
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of accurate estimates will come with experience
on the job.

4. When large amounts of concrete are nceded,
it is more economical to use ready-mix concrete
when there is a ready-mix plant close by. By
using ready-mix concrete, you can eliminate
hauling materials and equipment to the job site
and cut down considerably on the’ man-hours
for the oyerall job.

@

25. Mortar,

1. .Ordinarily, 1 yard of sand and the usual
amoyts of cement and water will make approx-
imately 1 cubic yard ofymortar. (The material
for mixing mortar, proportiéried by volume, was
given in Chapter 3, fige 48% Factors such as the
size and shape of maspnry units, the thickness of
mortar joints, and the- type of bond will affect/
the quantities for mortar. Alsq. because of dif-
ferences in cementitiogs:graterials and aggregates,
no accurate set of valuds can be tabulated for all
conditioris, v

2. The labor or time used for mixing mortar
depends on the same factors that affect the time
required to mix concrete.

.26, Brick

To determine the number of brick needed
to build a wall, multiply the length by the height
and this will give your the total number of square
feet of surface. Using ordinary brick 2% inches
high, .3% inches wide, and 8 inches long, you

.
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will find that it takes about 7 brick (using Y;-inch
mortar joints) to cover 1 square ‘foot. We will

* figure 8 brick, and this will allow for breakage

and cutting brick. You multiply the total number
of : Square feet by the number of brick needed
to cover 1 square foot and this will give you the"
total number of brick fieeded for the surface. Let’s
say, for instance, we are construeting a partition
wall 20 feet logg, 6 feet high, and 4.inches wide,
By multiplying the length’ (20 feet) by the height
(6 feet), you will "have 120 square feet of wall
surface. By multiplying 8 (the number of brick
needed to cover 1 square foot) by 120 square feet,
you will get a total of 960 brick. This is ,the
number of brick needed, including Y;-inch mortar

-Joints and breakage to complete the job. If the

wall were 8, 12, 16, etc., inches .wide, you would
have to multiply 960 brick by the number, of brick
in the width of the wall. In other words, if the
wall- were 16 inches wide (4 courses wide), it
would take ¢ X 960 = 3840 brick to complete
the wall. The number of brick for a square foot
of wall for different size mortar Jjoints is shown
in table 5, . .

2. If a brick wall or building has openings,
such- as windows a™ doors, the square footage

.of the openings must be deducted.from the total

amount of wall surface.

3. «Many faetors enter into the time+required
‘to lay brick: consequently, it is impossible to
provide a set of values that will work in all cases.

Some of these factors include differences in brick- °

laying ability, sizes and types of brick,” type of

structure being constructed, sizes of Jjoints, and

types of bonds and patterns used.
27. Concrate Block and Tife -

1. Concrete block and tile units are estimated
by the number of ypits in one square foot.or by
the number of units per 100 square footage. You
multiply the height .of the wall by its lengthto
get its square footage. Let's say, for example,
you are to cohstruct a torcrete block wall 6 feet
high _and 25 feet long with standard size units
75" x T%”. You are to use Yu-inch mortar

. , y .
=

SIZE OF
UNITS

THICKNESS
INCHES

NO. UNITS
l00sqQ. Fr.

35/8°X35/8%155/8
$5/8X35/8X15s/8
75/8X35/8.X15s/8
35/8X75/8xX15s/8
55/8X75/8X155/8
75/8x75/8x1s5/8
9578 X 75/8 X 15 5/8
115/8X75/8x155/8
- ]

225
225

228

112. 5
112. 5
112.5 #
112. 8
Lz, s

)
NO”O‘“O’A

——

) . oM
Joints.-Tl3e block will fill a space 8 x 8 X 16 inches
Which equals .889 (to the nearest thousandth)
of a square foot. This figures out to take 9

" bloeks to fill an area of 8 square feet, It takes

112.5 blocks to fill an area of 100 square feet,
By multiplying the length of the wall (25 feet)
by the, height (6 feet), you have 150 square
feet of wall surface. Using .889 equals the square
footage in one block, or using 112.5 blocks for
100 square feet, it will take 169 (to the nearest
whole block) blocks (using 3.-inch mortar joints)
to complete the wall. For a wall this size, about
10 percent of the total number of blocks needed
for the job should be added to the total to
allow for breakagge and cutting. Ten percent of

"~ 169 blocks is 17 blocks,(to the nearest whole

block), which would give you a‘total of 186
blocks needed for the job. Table 6 gives the num-

" ber of units needed per hundred square feet,

when you are using different size units and thick-
nesses, including 3g-inch mortar Jjoints. If yot: use,
this chart, you ‘will have to allow extra blocks

" for cutting and breakage.. For example, table 6

shows that when a 734" x 754" x 15”3 (third

" line from bottom) unit is used, it will take 112.5

blogks for 100 square feet. This includes. the
mortar joints. You will need ahother 11 blocks
for a total of 124 (to the nearest whole block) .
blocks to allow for waste. - e

2. A typical concrete=block job you may be

" required to buifd is shown in the drawing in figure

132. By lodking at the drawing, you can see
that it is a conerete footing supporting a concrete
block wall. The drawing gives you the dimensions
of the footing and the wall. The written specifica-
tions you will receive along with the drawing will
explaih the requirement that each material used,
on this project must meet. The specificatiqns for
this project state that type I portland cement will
be used for-preparing both the mortar for laying

-the » goncrete units and the footing. They will‘
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CONCRETE FOOTING AND BLOCK. WALL

Figure 132. Concrete footing and block wall.

* also state the amount of fine and coarse aggre- "
gate that must pass through each sieve and the .

sieve numbers they must pass through. The water
used for mixing and curing will be clean and free
from injurious amounts of oil, acid, salt, alkali,
silt, organic matter, and other harmful sub-
stances. The specifications will also state the
‘mixing time, the amount of slump the concrete
will have, and how soon the mix will be placed
after all the ingredients are in the mixer. The
type of concreté block, the size of the concrete
block, and the size mortar joints are also sta_ted.
The forms must be built for the concrete and the
materials must be estimated before construction
13 started.

3. As with other masonry work, the, time
required for laying concreté units varies a great
deal. Various sizes and shapes of concrete tile,
the ability of the mason, and differences in work-
Jng conditigng affect laying time.

.
22, Sione

I. Amounts of rubblestone for walls: may be
estimaied by the square foot, cubic foot, and
cubic yard. Converting the stone requirements
to cubic yards is usually the best method. The
number of rubblestones contained in 1 cubic yard
depends upon the sizes of the stones; therefdre,
if the average number bf stones contained in 1
cubic yard rpust be known, they will have to be

e
counted. THe sale of stones varies in different
parts of the country. Whether it is sold by the

ton, perch, cord, or cubic yard® depends upon its
)

shape and upon the*Jocality. (A perch is 24%,
cubie-ieet and a cord is usually 128 cubic feet.)

2. A greater number of factors must be con-
sidered when estimating the time required to lay
cut stone. Such things‘as the size of the job,

L4

>

3

"average 'size of stone, workmanship and the
method of setting (hand, hand derricks, power
cranes, etc.) .must be’considered.

29. Ceramic and Quarry Tile \

L

A]
1. Nearly all tile for floors and walls are

estimated by the square foot. When trimmers,
base cap. and similar pieces of tile are used, they
are estimated by lineal or running foot. The
square and/or lineal footage requirements of a
toom are determined, and the number of ‘tile for
1 square foot\is multiplied by the total. This will
give you the number of tile needed to cover a
given-surface. Let’s say, for example, that we
are covering a wall 7 feet high and 36’ feet long
with 6” x 6” glazed ceramic tile. When you mul-

Qtiply'the length (36 feet) by the height (7 feet),

t

you will have the totil number of square- feet of
surface (252 sq. feet). It takes four 67 x 6” tile
to cover 1 square foot of surface. By multiplying
4 (the number of tile needéd to cover 1 square
foot) by 252 square feet, JYou will have a total of
+ 1008 tile. This is the number of tile you will need
" to cover the wall. Add a small percentage of the
“total number fof breakage. The percentage you
allow for breakage will depend on the skill of the
mason placing the tile. . -

2.. Estimating labor or time for tile’ setting,
like other types of masonry work, eomes from
experience on the job. In small rooms, such as
bathrooms, an experienced mason can complete
approximately 25 to 40 square feet a &ay. Work-.
ing on larger rooms, an experienced  mason’ can
set from 50 to 80 square feet of tile per day. To

. sstimate the time required to set tile with accu-
racy, you almost have to know the tile setters
and the type and size of ‘the tile they will be
working with.
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Mo .. N . . . Glossary
; "t w : -
;. ." AGGREGATE, CoarsE—Gravel or crushed rock. .
c. AGGR&;ATE, FINE—Sand. :
i N AGGREGATE GRADATION—The arrangement of sizes. “
. AIR-ENTRAINING AGENT—A concrete additive that enables concrete to resist
: freezing and to protect pavements from adverse effects’ of sa& during snew
removal. :
'ANCHORS, OR Tuzs—v-Metal shapes used to. secure masonry wall intersections and to
fasten other structural membcrs to masonry walls.
. BasEBoARD—Molding at the Bottom of a wall
BASE SCREED—Wooden stnps or strips of plaster sused for gaging. :the thickness of Y
. plasger coats. .
BEATING IN—The process.of movmg a small board over 2 trled surface and’t/ppmg
> *ig lightly with a hammer to set the trle ﬁrmlywmto the mortar and in one sméoth
plane. . .
. ) BED JomnTs—The horizontal mortar joints between courses ,of brick or, more
. simply;the bed or mortar on which brick rest.
«  BoND—Refers to adherénce of one material to another, as eoats of mortar, etc.
. BonD STONES-—StoneS consrstmg of headers.
s BRICK BAT—A portion 6f a brick.
~ BRICK SET—A t0ol used to cut brick.
Brick VENEER—The outside facing of brickwork used to cover a wall constructed

v~

- * ¢ ~

, of other material The térm gené\‘ally refers to brick walls -mclosmg a frame
’ . building.
. k . + .BROWN CoaT—Second coat of p}as;er used to- ~cover. walI‘s and cerhngs Never
d applied less 4pan % inch, thick. *
BuLLNOSE CaP—Tile trim used at the top of finished ti]e -surfaces. ‘ .

- BUTTERING—Thg spreading bf mortar on masonry units before they are laid.

BUTTERING METHOD—The process of applying the, neat coat of ‘mortar to the back
" of each tife. ' .

CaLciuM CHLORIDE—A crystalliné compound used in its anhydrous state (as a
white porous solid) as a drying agent to lay dust etc. Accelerates the hadrdening
of concrete. '

CERAMIC—An prticle made of baked clay. In thq tilc trade. the word is used to

" designate a tile made gf comp d clay and silica. * - .
2 - CERAMIC Mosalc’ TiLe—Small piecd’ of tile, usually moun%d on kraft paper, -

- . - mounted, in various patterns. The glazed tiles are used to cover walls dnd the

: unglazed tiles 4re used to cover floors. .

CHASING OuT THE' BoND~Laying oiit the first tier or course / masonry units,
s . without mortar, the length- of the wall to be constructed. : :
) CLoSURE JoiNTs—The last'two head joints in a course of brck. ~
CoMMON OR AMERICAN BoND—The bond i in which & header course usually odcurs
s ‘ o ev€ry seventh cqurse, but may appear every flith or sixth course. | *
R CoMPRESSIVE STRENGTH—The ability of a concrete slab to resist: ‘crushing.
/ CONCRETE—A .hardened mixture of cement, sand, gravel, and water. !
CONCRETE BLEEDING—The flow of cemetit paste out of a conerete mix. ¥ ;
Cong ACTION JOINT—Sometimes referred to gs.a dummy contractton joint rs used
to control cracks caused by contraction. -
. . _ CoNTROL Jost-—Jomts used to control cracking in pla‘er surt’aces -
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; ) +, CaoNsTRUCTION Jost'-—-Jomts placed at the start and’end of a da‘ys pout, or thosex
: RO joints used' to separate argss of concrete; placed at differefit, timés. ¢
T " COoPiNGs—A Iayer of; cancrete or a row of brick, generally projecting, used to cap - °
< . or finish#the top of a wall and protect it from the we'ther. * ¢ .

. : CorNER LEAD——The part of a wall, at\the ¢orners.or, eIsewhere, built in advance of *

.« therest of the wall as z guide to whith the corner ‘blocks arfd line is attached.
CoVE. BAs,E-—-WaII tile having a‘curved upper edge and a curved bSttom lip, used
A - as a single wall tile course above the floor tile. . .

CRrazING—To break into pieces. ~ ) ‘
L cey > Cross Jomyts—The vertical joints ‘formied when laylng a header cdurse of brick.

1N Dasx Bonp Coat-—Mortar applied to a” masonry surface by- ‘splattering it with a, )
brysh. When the mortar hardens, it leayes a rough surface that makes a good .
. bond betweer the masonry surface angfthe scratch coat of plaster. '
. o’ Dry WaLt METHOD—-Applylng tile adhesive to the back of each tile before setting.

them. Sometime refecred to as the’buttenng method:

EMULSIFIED ASPHALTS—A mixtlire of asphalt cement and water whlch contains
a small amount of an emulsifymg agent., . ’ P '~ I

“e

) Evorutien of HeaT—Thecheat. that leaves the concrgte as jt hasdens.

. . . EXPANSION JoiINT—Joints installed primarily to relieve compressive stresses by
§ 7xpanS|on of concrete. They ustally consist of some Yorm of nen'extrudxng filler

. - uch as wood, asphalt etc.. which will permit horizontal expansmn of the concrete. *
FIEISH CoAT-—Third coat of plaster use‘c’l‘fosover walls and ceilings. NevEr applied
less than r/a inchediick. -

FLasH SET ORE(‘EMATURE SETTlNG——Rapld hardenlng of concrete or mortar.

FLExutAi. STENGTH—The ability of a'congrete slab to resist bending, -

Froat CoaT—The second coat of mortar apphed to walls thdt-are to be tiled.

¢

2 . FLOATING METHOD—T)‘IC prdcess of- applng the neat coat of mortar to the surface
- -~ that is to be tiled. =~ .~ -
. ‘FroatinG TiLe——The process of ﬁnovmg,a‘bea mg&bck over the t|led surface to % -
! ‘ ~ get the tiles back in their proper position after titey are*beat in. * " »
FriaBLE—Sails that are easily crumbled or-pulverized. . .
. .7 P GAGE STRIP OR Rop—A wooden stick with the height of each course ( |nc]ud|ng
. ce bed joints) marked on itr As the’wall is beug'bulxt the height of each course
X . ’ is checked with the gage strip or rod. _ T .
— - QLAZE—-—Melted silica or sand used to ¢ coat the tilé"body, giving: |t a transparent :
- glassy finish, .- ‘. N
J‘ “ GLAZER MASONRY UNrrs-—Masonry units. ﬁmshed -with a glasylike coating. T
g - GROUTING—The pracess of finishing tile jOII’ItS by ﬁlln}g them.with mortar.
’ - ' Heap FLASHINGs-—Bent metal strips placéd over openings’in brick walls fgmoistute
‘ o to. barriers. When the metaldtnps are, used at dl" bottom of openmgs, they are
. . called sill flashings. .. - N - S
, HEAD‘JolN'r-—The joint between the ends of two bncks in the same coursc‘_L's also
2 - P called a vertical joint, . - .
.- '\_'_’ “HEeaDER CouRsE—A course of brick which have been latd flat w1th ‘their ends
: "o visibl .
. Do HoNE ING—An area in the concrete Having vmds or cavities that.are some-
Lt . times ref to as rock pockets. \..‘ g
‘e : . Hybratioy—Reactions between scement and wﬁer resultlng- in sett|ng and
g . . ,hardening. . . N v by

[MPERVIOUS TiLe—A tile ‘that will resist the absorption of moistyre.
‘JOINT=-The narrow space existing between ad]acent stones, bricks, and other

masénry material. : N ¢ -
KEEPING THE PERPENDS——The pracess of ‘keepmg vertical jOl“ltS perpendiculdr.
' ,".161°~.t .
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KING—A brick trimmed for a mitér fit at the:inside of & corner.- a

LaMINATED—Formed or arranged in-layers.

Lap—The distance one brick extends or prdjects over another, * -

LiMESTONE—A rock consisting chiefly of calcium carbonate, usually an accymula-
tion of organic.remains; such as shellz, that yields lime when burned.

Line—The string or cord stretched tight from. lead to lead as a guide for laying
the top edge of a brick course. : C e
LiNTELS—Usually strips of steel or precast concrete used to support masonry units
ovef,openings. = ° . . -
MASONRY CEMENT—A mixture ¢f portland cement and hydrated lmne. .
MasONRY UNiTs—Units of'(diﬂé\r;t shapes and sizes (brick, block, tile, and stone)
. used with'cement mortarto build structures. .

" MasTic CEMENT PLASTER—ANY of various pasty cements made by boiling tar

with lime. . .

MEMBRANE WATERPRookFING—-Lay'ers of roofing felt and hot asphalt used t§ water-
proof surfaces.n  ~ ' bl

METAL LATH—Me}:a\I_mesh used as a base for the scratgh.coat of plaster.

MORTARBOARD-—A board about 3 feet square used to receive mortar, ready for use
by the mason. . . ’

MouND SysTEM—The process of shaping mortar on the back of quarry tiles before
setting them. ’ - )

NEAT Coat—The finish (third) coat of mortar applied to walls that are to be tiled.

NONVITREOUS TILE—A tile that will absorb more than 7 percent of its weight in
moi§turc. & v, ; N

OraaNiC MaTTER—Rock or mineral material formed by the ‘activity of plants or
animals. or composed of their remains, as coal, chalk, etc.

PIER—Masonry units built up to' support arches, beams. girders, and non-load-
bearing walls and partitions. ) oo *

PLASTER—A facing, material that is applied to walls and ceilings.” y ,

PLASTER METHOD—Referred to setting tile. Applying mprtar to the surface being
tiled rather than the tile. ‘e

PLasTICIZERS—Materials, such as lime, used ta make mortar and concrete more.
workable. - -, i

PLuMB BoB—The-pointed’ weight used to make a plumb line taut.

PorosiTY—State of being porous. =+ - :

PeRTLAND CEMENT—(Not 2 brand name but a type of cement.) A finely ground
material consisting principally of lime with silica. alumina, and iron oxide capable
of hardening into a solid mass. e .

PREsseD,Brick—Bricks which are pressed in 2 mold by mechanicat power before
they are burned. : . :

Quarry TiLE—Generally, a dark reddish tile. very dense, made from natural clays.
and used to pave floors. 7

QUEEN—A half-brick made by cutting a brick lengthwise..

‘QuoiNs—The solid exterior angle or the sélected units by which the corner is
- marked. . e . .

RETEMPERED—ThE act of softening mortar or concrete by remixing and adding
‘water, ‘ | ¢

RIFFLING—The process of spreading mortar on bricks with the trowel.-,

RowLock Course—Ar courseof brick which have been placed on edge with their
ends visible.

RusBLE—Field ‘or beach stoné, or rough stone as it comes from the quarry.
SATURATED SURFACE DRY—Voids in the agggegate are filled with water and the

surface is dry. \
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SCALIN he chipping and breaking of the top portion of concrete surfaces.

ScRATCH CoaT—The first coat of plaster used to cover walls. and ce:hngs Usually
applied between ¥ and % inch thick but in.no case less than ¥4 inch thick. Also,
the first coat of mortar applied to 2 surface that is to be tiled.

ScREEDING—The process of striking off the excess concr@ bring a surface to

. the proper elevation.

SEMIVITREOUS TILE—A tile that will absorb - more than 3 percent, but less thap ‘

7 percent, of its weight in moisture.

SHALE—A rock capable of being split,and formed by the consolndatxon of_clay, -

mud, orsilt. . 4
SiLT—Loose sedimentary material (fock particles less thar ,{U,. mnlhme.ter in
diameter) suspended in water. Also, a deposit of this sediment.
Y Sobium HyDROXIDE—A white, brittle solid used in making soap, rayon, and paper.
Also, used for bleaching.
Sotbter COURSE—A coursc of brick which have been placed on,end wnth their
edges sible. .
STORY POLE—A piece of wood wnth marks on it to indicate where the head or
_ cross joints are leeated as well ds the marked locations and widths of opcmngs
- in the wall. : : ~
STRAIGHTEDGE—A board or tool having a true and straight edge used for leveling
and plumbing purposes...
STRETCHER COURSE—A colrse of brick which have been Taid flat with their. edges

or faces visibfle. / ° . .
Stucco—Plaster %pphed to the ‘exterior of buildings. . /
TeNsitE STRENGTH—The greatest longitudinal stress 4 substance can bear Mthout

tearing apart. - -
-. TiER—One row of brick in a wall. .

TiLe—The designation for all glazed and unglazed tiles made exclusxvewrom
clay, with or wnhout other ceramic matenals. and burned in the process of
. manufacture. ° Yoo B

* TILE ADHESIVE—A plasuc type malerial used for setting tiles.

Tn_t-: TriM—Refers o various kinds-of, tile moldings used 'to give a ﬁmshed appeax-
* ance to fidors, walls, and other types of workl (U

TOOLING JoiNTs—Thé& process of compacting mortar in the joints between masonry
units that ledves structures having a-uniform appearance.

TWIG—A tool instdlled with bricks laid in the middle of a wall between comer leads
to hold the line and overcomg sag. T ow s b af

* ViTREOUS TILE—A tile that will abeorb less than 3 percent of its uﬁnght in monsturc

*‘WooD L,\'ms——Stnps of wood wnﬁ rough surfaces, apprOxnmately l'/& mches in’.

- width, used as a base for the scratch coat of*ﬁster, e "~
WORKABIL!TY—The consistency of a mix that dexermmes the ea& with whjch a
mlxture can be placed and worked." Ca
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b, 425 e d, 460
4. You are constmctxng concrete
- pavement. What is the' maximum slump
- in inches that you allow? -
a. 2 I e 4
e b 3 . d 5
EDITION 1 (NRI 101) * -

.
E I -

1: What type of cement vfrguld yott -

use for constructing a footing in an area
where the soil contaired large amounts

. of alkalx" : .
a. V. [ e I
b IV d I

/

2. What type\f cément would you ’
use for making repaxrs on a runway
that- must be used the following day?

a I T e« IV 7
q,aiumma, ¥ 4w

'

s. ‘A,mwas Lonstructed

, using 51%:gallons of water per sack of

- typel portland cement. After one week,
. what is the minimum flexural ,strength
" 6f this pavement? . ,

& 400 e. 450 ’

\

‘.8 100°F . ¢
S 90°F‘v

.
~

5. What is the minimum mixipg:
. time for 1 cubic yard of concrete?

90 seconds
. & 4. 2'minutes

8. 30 seconds ¢
b. 1 nwnute

6. You are cuﬁng concrete under

told weather conditions. What is the '

highest temperature of the concrete at
+ the time of mixing?
80° F
d. "70° T

7. If you were placmg concrete in
exposed work, what is the ‘maximum
height in feet from which <you would
* allow it to“drop?

2 3 c. 7 "
b. 5 d. 9

8. What metal is best to remforce'
concrete"‘
a. jron ¢. woven wire -
b. copper, d. steel .

9: What should be the maximum
capacity in cubic feet of a wheelbarrow’

»

8 4




- . ' .7 . that you would use to transport con<

~
crete when the placing level is 13 feet-
. above the mixing level?

v s 5
J
L, ., & b 3 ) d 2

c. 4°

N

~10. You must construct a high con-
_crete wall, How high a wall in feet
. would require the use of additional ties
between the top and the bottom of the .
formwork? . )

. a 6 c. 12
. o b. 8 .d. -14

\ tox

—

11. You must construct a brick
wall. Yoy have chosen masonry cement
instead of portland cement for this job.
Why did you choose masonry cement?

needs less time for workability
hardens quickly
gives stropg bond between units

a..

b.
e
d

£ ..,‘M,?A R P R M)
N B L
Ak -

requires no sand
12. You have mortar that has

mixed at ap air temperature of 70°.

What is the maximum number of hours

that you can wait before using it?

’ 2

a 1

a. 4
b. 3%’

c.

- ' . - 18, For ordmary service, portland
cement, compared to’ masom'y cement,
has

A

a. twice as much hydrated lime
b. same amount of lime
c. same amoynt of sand
d. twice.as much sahd

14. How many hours does it take
* the plaster scratch coat to set hard at -
70° F" ’
a1 or 2
b. 2to3

é; 3to4
d 4to5”

- ¥
3

. What is the remaining portion of the

b, metal head flashing

* b,

Y

. . ’
15. What should be the minimum
thickness in inches of the scratch coat -

_of plaster? © Y

, 1 ]
e Yo e.‘c’f

d %

o

“16. You have cut off a 2-inch piece
from an end of &n 8-inch common brick. ~ -,

a. 1/4
b: %‘—lo ’

A

brick called?
a. Cinch bat ¢. %'bat v
‘b. “4%-inch'bat d. queen

17. What would you place above an
opening in a brick wall to direct the .
moisture to the outside of the/bulldmg" i

a. coping
_metal tie ] e
d. meta] silashing o

P
.

c.

]
.

* 18, ‘What type of brick woill you

use to build a structure that. required
the brick to have a breaking strength
up to 20,000 paunds per square mch"

kentu&ky dark 4
kentucky red
illinois underbyrfied
arkansas red

a.
b
c.
d.

RO ¢

19. You a.re to build a non-load-
bearing brick partition in the mess hall.
What type of brick do you use? )
a. fire ank c. gladed -

face d. 'imitation-bric'ﬁ

20. Where would you make a. row-
lock course of brick?

on top of & brick wall expoaed to
weather

;%

-

b,
on wooden I;ntels‘above wgidows e

under window openings'in brick ¢
buildings

-

-
L

e

on steel lint.els over wall openings o

o
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. & limesatone. C.

" & to test for imperfect tile

- . -

t

21. Which of the following stones
would- you select for the facing of a
structure? B )

sandstone
b. granite d. slate .

‘22. You are constmcting‘a stone
wall. Where do you place the bond
stones (headers) in the wall?

a. in each 3 to 5 square feet

b. every 2 square feet

e in each 6 to 16 ‘square feet.

d. each 8 sqﬁare feet of foundation
‘28. Why do some st:ne‘ walls devel-

op rust staind?

a. oxidation of iron in the stone

b. incorrect mortar used in laying

<.:. tao much mica and feldspar

d. ‘wrong combinatiori of clay and sand
2:1. How many coats of mortar are

used in preparing a wall surface to be
Ltiled? .

ce. 3
d 4

s 1
b. 2
25. Why are tile snapped info place
when ‘thé floating method is used?
“b. toset tile more firmlylin plaster base

¢. to remove surface impurities on
base plaster,

d.” to'expel air from back of tile ‘

°

&

S—

26. You have just completed iaying
a quarry-tile floor. What is the maxi.
mum.number of hours that you can wait

- before grouting these tiles?
\

e 2
d 1

a 6
b. 3

g

21. When it takes 8 ordinary_brick
to cover 1 square foot of wall surface,
using Y;-inch mortar joints, how many
brick do.you need to construct a wall
30 feet long, 10 feet high and 12 inch
wide? )
2. 7200
b. 6400

.c.800
d 567

28. You measure an area where you
will pour a concrete slab, and find it is
674 cubic feet. How many cubic yards«
of concrete do you need, before allowing
for loss or waste? °

a 25 - ‘e 19

b. 20 d 15
4

29. How miany cubic .yards of con-
crete are required for making a concrete

slab 12 feet long, 12 feet wide, and 6

inches thick?
a 15 s e. 2.7
d 3.2

b. 2.0
30.. On what does the percentage of

tile allowed for:breakage depend?

a. distance traveled from source of
supply’

b. weight ’of the tile

¢. skill of the mason placing the tile

d. size of the individHial tile

e

n




