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S o INTRODUCTION_.‘,,

\ ! .
Concrete is one of the popu]ar bu11d1ng materials of modern construct;g

It may be mixed on the job s1te delivered ready-mixed, or precast It ma

be used by itself or re1nforced with steel. Concrete passesses great compres-
sive strength, and when re1nforced with steel, gains.tensile (stretching)
strength. Because concrete is used.so widely, geople tend to take it for
granted. They forget ‘that when working with 1t they are exposed to many dif-
ferent types of hazards. While ‘mhst. acc1denta1 injuries from these hazards
are_minor, some accidents, such as building co}]apse, can result in fatal in-

-

Jur1es and high costs. ' ~ - ’
” This module will discuss the basig mater1als and chemical. react1ons in-
volved in making concrete which are necessary to recogntt1on/énd control of
hazards. “The student will thus better understand the reguirementS'for person-
al protect1ve cloth1ng and equipment, the use of protect1ve,9reams, the need
for persona1 cleanhness, the procedures for concrete placement dur1ng cold . @
weather, the safe pract1ces for shor1ng, and concrete in cgnstruct1on includ-

ing slip form, tilt- -up, precast and pregtressed are d1scussed along with

1meaSures that should be: followed to avoid injuries and extensive property dam-

age costs. ) . ‘ ¢

r r . x

S QBJECTIVES‘

Upon canplet1on of this module/ the student shou]d be able’ to.
1. Ident1fy the personal c\oth1ng, equ1pmqnt and creams used when working
with eogcrete. _(Page 3) - . ’
2. _ State QZ
_liness when working” w1th concrete. <{(Page 5) - = °
3. Descr1be the unique prob]ems caused by cold weather,concrete p]acement
' and list the precaut1ons that should be taken. (Page 6)
4. Discuss requ1rements for rewiforeed steel placement 1niconcrete‘forms

-

(Page 7) .o JEEEE

‘e

the good housekeep1ng procedures and the need for persOnal cleans

,5. Discuss handling of bulk concrete and- aggregate and the anortance of

aggregate particle shape and size distribution. ¢Page 8)
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Define and describe the requirements of ninme terms associated with con-.
/" crete placement. (Page 14)
. . Explain safe shoring pract1ces Page 1;‘
8  Discuss lifting attachments devices, and handling précautwns for tilt-
up construction: (Page 21) - < - o
: State the safety factors associated with precast’ and prestressed con-
,crete. (Pdge 23) ™ e , '
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. | - 3 SUBJECT MATTER

. OBJECTIVE 1: . Ident1fy person‘ Brotective c¢lothing, )
- equipment, and creams used when work1ng with cement

and concrete, *,
. »

An understanding of the physical and chemical properties of concrete
will'clarify the need for workers to wear-protective clothing and to use pro- .
tective cream A,Egncrete is a chemical mixture of cement, aggregate water,

v and air. Ceme t s manifactured from selected raw materials that include
Timestone or other rock -that has-a h1gh lime content. The raw materfa+6\a\
. heated up to a temperature of. 3000 degrees Fahrenhe1t and then ground f1nel§-S
so that nearly all of them will pass through a fine sieve. Cement consitut ’
from 7 to 14 percent of the volume of concrete:

Aggregate, that is, sand grave] makes up from 60 -tq 80 percent of the.
volume of concrete. The character1st1cs of the aggregate 1nf1uence the mix
port1ons and thus the d&onomy of the concrete. For mast’ uses, aggregate

‘ shpu]d consist of clean, hard, strong, durable part1c1es, free of chem1cals

s -

or\coat1ngs of clay or other fine material. . ‘\\\\S
\ Water™ which comb1nes with the cement in the mixing process, con tikutes

from 15 to 20 percent of the volume of concreté Water must ‘be clean and
‘ ' fre% from orgamc mater1als, a]kahes, acids, and 0il. In general, water .
7 that is f1t tg drink 1s su1table for mixing with cement. However, 'water with
a high sulphur content.should not be used, even though it may be fit to'drink
since such'wdter cmnb1nés w1th the cemept to form a weak paste that leads to
deterioration of the concrete - .
Hardenﬂng of concrete ig not 4 dry1ng out process, rather, it is a chem-
ical react1on Th1s fact can "be q§monstrated by placing fresh concrete under .
water, where it will harden desp1te bevng completely submerged. - Cement angd
P water react.chem1ca11y, in a process ca1Ted hydrat1on, to form®mnether materi-
al, cement paste whigh has a usefu] strength. Cement paste syrrounds each
particle 8f aggregate and comp]etelx,?wlls the spaces in between particYes
when thé codcrete is properly m1xed\ This chem1ca1 react1g’ takes about 28 ,
days before the concrete“reaches fu]1 strength ”

-

- C, ¢ '
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The finely ground cement is’easi]y carried in an air stream£ aad can
therefore be a hazard to the eyes. ‘5450, when Fement is left on the’skin it
fnay cause a burn, dermatitis, or other skin 1rr1tat16n; Persons hand1ing
sacked cement should wear safety doggles; durable,’close fitting c]oth1ng v
with snug wrist, ankle, and neck bands; boots;
and gloves, When bulk cement is handled, .
safety goagles and respirators must also be
worn. Preferably, goggles should beé tﬁeﬁilex-
ible fitting, Fegu}%; véntilation type,-% mi -

lar to those shown in Figdre 1. These goggles

may «be worn a]one or over correct1ve specta-
Figdﬁe 1. ‘F1exib1e fitting, cles. Eye and face protect1ve equtpment must
regular ventilation be kept clegr”and in good reg§1r
type goggles. e When working conditions are such that a
' person's skin is expbsed - tg cement. dust for

some time, prote;t1ve creams are adv1sed A protectnve cream should have a
petrolatum base that provides a barrier against water soluble alkali 1rr1-
tants. The cream stays on the skin for about four hours, then it may be B
washed off and a $kin lotion applied. This typg of cream and lotion may be
obtained from most supply houses stocking first-did and safety'equibment.

- . A

, ‘ —— ACTIVITY 1:* eo— -
' 1.7 Liét the personal erotective clothing, equipment, h
4 and creams that should. be used when working w1th
" “cemeft and concrete. ' . .
. N L )
. " a. ‘ -
b. ] . i
: ¢ . e '
: d. . . .
e.* ,
f. ' R -~
. N
. w 1]
FAnswers to Activities appear on page 25. ] , ) -
‘ v o 7 . ‘ ' ’
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OBJECTIVE 2: State the good housekeeping procedures
and the need for persoqal cleanliness when wo;king
T - with concrete. ¢ . . ) y

3

-

Goad housekeeping, one of the best signs of a well-run and safe opera-
tion, %e pecessary on every construction job. When workers.are handling con-
crete, good housekeeping is particularly important. Empty. cement bags are
covered with dust that can be blown in the a1r and can cause an eye injury,

-

the bags are flammable and may easily catch fire from discarded smoking ma-
terials or ‘from be?ng blown into a heater or other source of ignition. A]sg,
empty cement bags may hide hazards arising from other trash that is lying
under them For these reasons, empty cement bags sheu]d be disposed of prompt-
ly and effectively. Full’ cement bags-must be stacked in an orderly manner to
protect the cement from mo1sture and to fac11wtate removal from the storage
pile wi thout endangering emp]oyeﬁs

.Reinforcing steel and mesh that are left strewn about form a tripping
hazard. A person _falling on a unprdteeted end of either materia]‘could eas-
ily receive a punctqre'yound, a bad cut, or an abrasion. Forms and bracing

" materials shouid be removed and stocked piled promptly after stripping, in

all ‘areas of work or passage. Protruding nails or wire ties must be pulled®
‘or cut off to eliminate these hazards. .

-On well-run jobs all scrép lumber, waste material, and rubbish 1; re-_
moved from the immediate wdrk area as the work progresses. Proper disposi-
tion of ‘mpty cement sacks will reduce the dust problem, but the best way to
reduce cement burns, dermatitis, and skin irritation is-by personal clean]i-
ness: Frequent and thorough washing fol]oweq by the app11cat1on of a protec-
tive cream or lotion- ;s-récommended '

1

mesessssssssssss ACTIVITY 2@ S———————
. 1. %tate the basic requirement good‘housekeeping. l{
. . ‘
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" a 2. Explain the need for personal cleanliness when work-
ing with concrete? L

’ -

é

OBJECTIVE 3: -Describe the unique problems caused by

cold weather concrete placement,. and 11st precaut1ons

«that should be taken. .2
ST .'ﬂ

Since concrete is Uged in structures and pavements ‘because o; its long
life and low upkeep, an essential reduirement for it is good resistance to
exposure. The e]ement that is most destructive to ga1n1ng proper-strength
in the setting of e is the freéz1ng and thawing of water while con-
crete is wet or.moist. The expansion of the.water as it is converted into
ice.destroys the binding properties of the paste to the aggregate. Moisture
retained in tﬂe aggregate as well as iﬁ'thé mix water is affected by freezing
and thawing. If an aggregate particle®absorbs so much water in its pore
structure that an insufficient pore space is available, it will not atcommo-
date the water expansion that occurs during freézing. The pérfprmance of a

particular aggregate can be predicted by the observationm of past performance

or by freezing- ‘thawing tests of concrete specimens.

Although cold weather causes problems, placing concrete does not have to
be suspended during winter months if certain precautions are taken. These
pre&autions 4nclude the use of an air-entraining agent, the. preheating of
aggregate and water, and if-necessary, the enclosing and heating of the area.
. The addition of an air- entra1n1ng agent to cement during winter months is be-
coming inereasingly popular. Entra1ned a1r is the term used for extreme]y
small, disconnected, air bubbles that are we]] dispersed throughout the mass

: of concrete. These air bubbles allow space. for the water to expand under

2 freezing conditioqs; and thus prevent possible damage. A chemical additive
i . *

.3 is used to produce entrained air, and this chemical can be added to the cem-

ent during Mmanufacture, or during the mixing stage. _ -
Y t? ) -
. | | .
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. two are used together, one makes dp for the deficiency of the other. When
{ . .

. If it 1s necessary to heat an enclosed area; eare shou]dybe'fhken to.
\preméﬁt fire. Only"hgaters with an enc]osed'flame.should be used, ‘and flam-
mable materials, including "fire resistive” tarpaﬁ]igs, hqst not be allowed
to reach.the heaters. . Gasoline, kerosene, anﬁ’]iquefied petroleum gas$ heat-
ers should be attended at all times and all heaters in confined spaces must *
be provided with ample ventilation. ., ‘ .
Fuel for heaters must be stored and handled using approved \fuel contain-
ers, and adequate fire protection. Water hoses or fire extinﬁuishers, must.
be provided adjacent to the worksite. ParticuTar attention should Be given
to be sure that water systems actuafly will provide suffiCient‘amoupts of ‘
water to extinguish-a fire. Serious fires have occyrred whenahosés wer'e in
place but water had not yet been made ayailabJe. Ventilation and light must
be also, be prqvided for the safety of personnel working'inw§he enclosdre.
_. ACTIVIfY 3 —

v N
: 1.  what purpose does. air entrainment serve during cold *
,  weather concrete pouring? : .
2.  HName'two otper procedures besides air entrainment
that can be used as precautions in cqjd weather
concrete gpuring? 1
A, : | S |
v g A .
b. . . '
. g T
= L] \ td '
OBJECTIVE 4 Discuss the requirements for reinforced
* stee] placement .in concrete forms.
- E—

While weather conditions influence the strength of the concrete, the use
of reinforcement steel is also extremely impggtant due to, the basic character-,
istics of concrete strength. ' '

Concrete is strong in compression, Sut relatively weak in tension, or
When the

stretching strength. The reverse is true of sPender steel bars.

é "’

‘ < SH-37/Page 7
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steel 1st1aced 1n concrete so that it ‘assists in carrying the load, the com-
bination of the two m\ter1als is called re1nforced concrete. Steel used to-

reinforce concrete can be either bars,

or welded wire fabric. Concrete rein-

forcfng bar; are avéﬁ]ab]e in 11 bar

sizes rang1ng from 3/8- 1nch dwameter
to- 2 1/4+inch diameter. These bars
§;e designed with various patterns.of .

‘>

OJect1ng ridges called, def ons
—_— = = (see Figure 2):. These deformations

S R———

. C allow the cement paste to bond to the
Figure 2. Steel reinforcing bars. bars. Welded wire fabric is another
ct ) ' . type of reinforcing steel’ des1gned
wath Jight strands of steel wire laid to form squares normally six inches by
Six 1nches. It is also available in varyd g d1ameters and is stored ,in rolls
of four or five feet wiSths. Workers shoqu use caut1on when unrolling welded
wire rollg.dut to the tendency of the roll to recoil.when released. The ends
should be secu}ely fastened when the roll is Being transported or stored. |
Welded wire fabric should be unrolled-and 1aid flat before use.

The correct location of the ba; or wire fabric witﬁin the structure is.
essential to its -performance. The 'design of concrete structures is based on
years of experienge and design rules published in references used by de-.
‘sign engineers. H®wever,-the best of designs can be ruined if the desﬁgn-is

) not followéd in the field. Properly reinforced concrete constructipn depends
£—on workers understandiﬁ%gﬁﬁs/QCtion of the reinfprcéd contréte and appreci-
ating the characteristic and limitations of the material.

f

A1l steel reinforcement must be accuratgdy located in the forms and firmly
hel® in place before and during the casting of concrete.  Concrete blocks,
metallic supports (Figure 3), spacer bars, wires, or other deviges may be used
to ensure that the steel stays in p]ece. An adequate\gpmbgf of supports-gr
spacers should be used to support the steel as the concrete.is poured, and any
additional load it m3y have to carry. A]]kbars should be secured to the sup-
ports and to other bars by at 1éast 18-gage tying wire. To prevent puncture

_

Page 8/SH-37
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g Figure 3. 'Supports for reinforcing steel.. ’\ '
woundslfrom the ends of the t1e wire, the twisted ends ‘should be turnid to N
project away from interior surfaces - Other safety precaYthns needed when . i
‘ "~ handlipg and msta]’hng re1nforc1ng steel are those to prevent workers be1ng i é .
cut, p1n€hed 1mpa]ed hit By stee], or falling from e1evated work surfaces - '

The maximum possible use-of mater1a1 handhng dev1ces to’ move,bulky or heavy
loads of reinfercenient 'steel can be a he]pful factor in preventmg injuries.

! When a crane ‘is used to “transpoet bund1es of re\nforcmg steel, the bundles
- must be securehy tied to prevent the load from slipping and faH1ng Properly
) spaced two- part slings must be used to ba]ancé the load when bundles over 20
+ . feet long’ are being transported ' T ' -

To preVent impalement, no worker shouggl work above vert1caHy protrud1ng
- remforcmg steel without protect1%n from the danger below. Bend;ng the stee\

\ . over or. cover1ng t,he protruding ends with timberer other material will 'pro— .
tect the worker. Also, .when workifg more.than six feet above adJacent work1ng
' surfaces and p]ac1ng and tying’ re1nforc1ng steel in walks, pjers,.columns, and ' ' .
so forth, a person must wear a safety belt.: Head protectmn (bard hats) and-
*  eye protection should’ be wdrn when placthg or tymg steel, ?nd care should ° e

be taken td provide ahd use safe footing over the e?(posed reinforcing rods.

¢ Good housekeeping fs essent1a1 to reduce tripping and falling hazards.
R L o~ . . // ,
+ ? -
. ‘\ ) ‘ - ‘ . . X
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’ Acc1dents have occurred on many jobs when vert1ca1 wallxs have been blqwn

over-or have otherw1se collapsed. To prevent thas, all reinforcing steel for

walls, p1ers, coTumns, and simjlar structures must be guyed and supported. A-

"guy",1s a 11ne that steadies a vert1ca11y standing structure by pulling
aga1nst an off- center load. When guy1ng, wqrkers must remember that/#e1n-
forc1ng steel shou1d not be .used as _guy attachments at anchorage points.
AAso, re1nforc1ng steel -should not be used as a load bear1ng member for - any

l4fting dev1ce and it must not* be used for scaffo]d1ng hooks or st1rrups
C , . B S
[y to- - (. ’ . ’
« ACTIVITY .&: L —
" .
I g’hat purpose does steel serve when placed in con- -\

crete?

a ’

-

2. What precautions shouLd be taken for workers work- ”
ing above vertically protruding_reinﬁorz?ng steel? (-—)

.
>
1 ’ : *
¢ 7 T -
' o
. « g i * > P Q \'. -
v
;
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OBJECTIVE 5:

.Discuss handling o® bulk concrete and. . (
aggregate and exblain the impgrtance of aggregate \

3 " particle shape and size.

.
Safety .hazards.in handling and’'working with reinforcement steel are due

largely to the size and weight of the matei?&{ Many of the hazards asso-

ciated with the hand1%ng of bulk concrete. and aggregate are due to tgese fac-

tors,xbut another hazard is due to the physical properties of the mater1a1s

" The a

out f]lmsy equipment, S0 equipment used to convey and to handle aggregate and

rasive propert1es ‘of the aggregate and the cement dust WPl 'soon wear

cement must be” deslgned and constructed 'to meet rugged demands. y
- Cement that is kept dry will retaig its properties 1ndef1n1te1y , How-
®ver, cenent that has ‘been stored uMder moist conditions sets more s]ow]y and

has less strength Sacked cement should be stored inla dry building that is

)
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as aMht as possible. Sacks should be placed close together to reddce air
»cirég]atioh ard should be kept away from outside.walls.' Storing, for 1Qng
" periods necessitates covering the bags with tarpauling. If a storage build-
ing is not ava11ab1e, the sacks should be placed on raised wooder p]atforms .
and,covered with waterproof coverings. . . ‘o
Cement sacks _should be carefully piled and removed so Jthat the piles
~will remain in a stab]e’.condition. P11es should :&2 be-more than 10 sacks
high, and the end bags should bé *cross- p11ed in two separate tiers up to the
fifth bag. The pile should then be stepped back one bag, and again. stepped
bas@ on the 10th layer. Beginnifig with the fifth bag, only one fross tier ,
is necessary. The back tier should be stepped back ofie bag in every five, ]
the same as the end tiers. Cement bags in the outer tiers should be piled
S0 that the mouths of the bags face the center §f the pile. After a peri-
od of-storage, cement will harden into a "warehouse pack" condition. This
\‘;cond1t1on Gan usuaJTy be corrected by rolling the sacks on Ehe floor.

Bulk cement can be stored 'for 1ong periods in waterproof bins w1thout
deterioration., 'Bulk storage bins, cont€1ners, or siles should have cone-
shaped or taﬁ!?ed bottoms with a mechanical or an air-controlled means of
starting the material flow.’ L

Select1on, toragg, and hand1}pg of aggregates is’a more complex problan

+ In the selection process, the size, shape, and distribution (grad1ng) of
aggregates influences the mix_portiens. For. example, rough-textured, flat,

and ‘elognated partic]&;;sequire more water for the mix to be workable. For

.most purposes, aggregates-must be c]ean,lhard, strong, durable, and free from
clay or materials'that would hinder the bonding of the cement. The particle
shape and surface textUre influence the properties of: fresh concrete!nore/than
they affect the properties of hardened concrete. Very sharp and rough parti-
cles or flat eldongated particles require f1ner aggregate to produce workable
concrete than do particles that are more rounded or cubical. Stones that
break up into lon@slivery pieces should be avoided. ’

The.grading of the aggregates (particle size make-up) is important be-
cause it determines the workability, economy, ability to contain water, and
the s’hrin)‘e of the conCrete. The grading requirements will usually be in-
cluded in ‘the specifications for the structure being "built. However, the way

.

»
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. the aggregate is h‘andled and stored may-change the grading. Segregation, or ‘ -
. * diyision, by size may be minimized by proper handling and storing (see Fig- )
1' ' ures 4 and 5).° Stackpiles should not be built up in a cone shape, and
e ' FINE AGGREGATE STORAGE ' ‘

—rs

.

= .
| Q1 UNIFORM ABOUT
N | 0 1 CENTER -
SR 1 ag. .
' N 1 M
¢ * "
4 A .
. INCORRECT .
CORRECT .
. Do not allow free fall of material
Chimpw\pould surround materisi ~ from hwgh end of conveyor which .
falling from and on conveyor, to :VOUlfd perrmit wind to rate
prevent wind from seperating fine ine from cosrse material. .
. ' snd e.gott: mg:’n. Open: A J ,
shou A4 88 requir (o]
. < n y Gischerge mcrms at v.f.qlom : FINISHED COARSE AGGREGATE STORAGE
sigvations on the pile. . 5 .
L4
& STORAGE IN BINS i

Materiai is allowed to fail
vertically over the outlet,

-

»)

., Figure 4.

S

-
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Aruitoxt provided by Eic:

INCORRECT :

1

Material is aliowed to striks
the side of the bin, causing

segregation,

Whan stockpiling large sized aggregate '
from eleveted e'gnvwou, ml:?l%lg.
bro‘ckm by use of a rock ledder .

>

’

Correct and incorrect handling and
storage of aggregates.,

;o "y : o
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. STOCKPILING OF COABSE AGGREGATE . .
- : ) r ’ +
! ‘ -

. "y . "

L 2 -

/ ‘ - LIMITED ACCEPTABILITY

Generaily, 8 pile should not be a built radislly

Twyrrrreosy

- A
. - , e
PREFERABLE, * . <:\\
L. . .
A grane or other equipment should - * ) Wutoro"downmltloqou
pile mngrhl in seperata batches, PN Ny u“lddld to tha pile, or permit .
. ssch no & truckload, 10 that hau uipment 0 over
4 - it rerhaing pleced and does not ‘o The sarne npolud':.
run down siopes. - ; -

GENERALLY OBJECTIONABLE /

) ‘&ormmu“uw‘? by » bulidozer working °. I . .

o mnummu opped M“"'w fyo Hdozer stacking progressive layers

b‘..."',pA rock r may be od in this - - - :nb.u’gop. not flottr?r than 3:1 18 ozun
[N , objectionsble uniess materials strangly

* . . resist breskage. \
- ¢ .
- ) . ’
- T . s ‘

’

I3
“

aggregates should not be allqwed tdgrun down .slopes.

\

\ ]

Figure 5. :Stockpiling of aggregate.

Free falling from the

end of a conveyor belt wi]],a?%o cause segregatiof, so aggregates should be

removed f:’om s{ockpijes in approximately horizontal layers to minimize this
' . Fd

* problem. “When bins are used, the ‘bins should be loaded by allowing the ma-

terial to fall vertically over the outlet.” Chuting the material at’an angle

* . <
. . . )

N L " SH-37/Page 13
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against the side of the bid calses segregation of ‘the particles.” Correct and | ‘

N

incornect methods of handling and'storing)aggregates are shown in:Figure 5.

. x
4

ACTIVITY. <r\: ———— )

°

phys1ca1 properties shou]d a good concrete

ag regate have? N

‘frticle size makeup of dggregates?
| N - , . v ,

' a [

n what manner ‘should aggregates be removed~from . v :

ftockp11es to minimize segregat1on of the aggre-
ate?

'
t - [
. '

2 o “ [N

-

CBULLFLOAT [ L . : L e (
’ 'iA bull F]dat is a h;nd—tcol that is made with a Marge flat blade for |
face) connefted to an extension handle. It is used to remove rédges and fill

'holes 1eftﬁby a stra1ghtedge, to push'the’ aggregate beneath the syfface, and
to smooth/‘11ght bumps and hollows on freshly poured concrete before'1t has
hardened. | Hand]es on bu]] floats must be made of a nonconductive mater1a1
or 1nsu1a€ed with a nonconduct1ve sheath, when used where, they may contact
energize e]ectr1ca1 ¢onductors. The noncondugt1ve sheath should have elec-
trical and mechanical characteristics that provide protection equal to that

of a handle made of a nonconductive material. .

Page, 14/SH-37
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CONCRETE BUCKETS ' X
A "concrete bucket" is a square or ¢ylindrical container with a clam- :,

shgll door or gate at the bottaom. Net concrete is loaded into the cpncrete
. bucket and thenp i

ed and swung intb.place,'usually by a trane. Concrete’~
. buckets with gates operated either hydrdulica]ly or pneumatically should
have - pos1t1ve safety ta
. accidental dump1ng "Buck ts are des1gned s0 as to prevent aggregate and’
.1oose\@(ter1a1 from accumulating on the top and sides. L
" Two safety rules should be observed around concrete buckets. First
riding.on concrete buékets for -any.purpose sheuld be prohibited. Secgnd; \
crews work1ng the poured concrete mist be kept from under the concretg bucket _
when \t is suspended from a crane or cab]ewey.
\ CONCRETE BUGGY , N

A "concrete buggy" is a hand cart or a ﬁotorized cart used to transport
~ concrete f the mixer or bucket unloading area to the -site whHere it will be
' placed, Handles on hand buggies should not extend beyond &he wheels on either

side of the buggy Insta]lat1on of knuckle guards on hand buggy handles,gj‘
recommended :

W | '

Q}SEHARGING CONCRETE'ON—A SLOPE / )
Nhen_p]ac1ng concrete on a slope, the cohcrete should be placed at the

" bottom of the slope f1rs; Then, p]ac1ng each batch‘aga1nst the previous one,
: proceed up the slope. When d1scharg1ng|concrete from ready-mix trucks on a
slope, the truck wheels must be blocked’ and the brakes of the truck set in

. order %0 avoid movement. -, e

* \ . i
. GUARDRAILS t - ) '
/Guardra1ls are used on concre;e mixers with a one yard or'more capacity,
“to prevent persons from being caught and crished by the skip. The skip is 2
loading container orlc%e mixer that is used to carry the aggregate and cement
to the drum, \and, s normally ‘hoisted into -positton. Gu a;d:gl%é_myst be in-
ste}]ed on both sides of the i‘ﬂp " .

. - ~ - SH-37/Page 15
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MIXERS : -

Concrete'mjxiné is generally done by machine, but some hand mixfng is,
often necessary. Hand mixing,is 6rdinar11y done on a wooden platform with
' }

either a hoe or a square-bointed shovel. ' | . C
Power concrete mixers are available in many sizes and types. Jhey are

. usually designated by the number of Cubic ‘feet of wet concrete the machine‘

. At anyrtime the mixer is shut down for more "than one and a half hours, the

- ' AT

mixes satjsfactoﬁqu'in one batch, Concrete mixers equipped with one yard or
larger.loading skips must be equipbed with a mechani£a1 device to clean thg,
skip of material. 7 h

»

Hardened concrete shoUﬁd not be allowed to accumulate in the mjxer drum.
drum should be cleaned by placing aggregate equal to onerhalf the volume of
the mixer in the drum, and allowing it to revolve for abot five mindtes.

The aégregate should then be‘dischérgéd and -the drum flushe Jout with water,

',Thg discharge.chute, drum shell, ‘or skip should not be poundedlto remove

$

h;?Eéned concrete because concrete will adhere more readily to the dents and

)

bumps thus created. -
- ' \
NOZZLEMEN - ’ o = ’ -
‘ e .
“Nozzlemen" is the term. traditionally used for persons-who apply a ce-
ment, Jsand, and water'*‘mixture through a pneumatic hose. gThe mixture might be-
gunite, pumpcrete, or shotcrete. These persons are required to wear protec-
tive head and- face equipment. to protéct agaiiff_ipxaabing or flying objects.

] '

POWERED CONCRETE TROWELS \

-

~

"Powered concrete trowels are rotatiqg-type machinés used to provide a

Y
smooth surface on concrete and may be either gaso]iLe or electrically powered-
Powered concrete troweling machines that are manually guided must be

» ) . i
eqﬂipped,with a "dead-man" control switch'that wifl automatically shut offsthe

power whenever the operator's hands are rehoveq from the handles. 4

PR
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PUMPCRETE SYSTEMS° oo <
. ) <! ~
“Pumpcrete" systems use a’ heaJy duty’piston pump or compressed air to
force concre%e thtough * 2 B-, 7- or 8-inch pipeline. These pumps have a ca-
patity of. from 15 to GU'ﬂEp1c yards: per hour and will force concrete up to,

800 feet, hor1zdntq11y dr 100° feet vert1ca11y These systems must have y1pe

. supports des1gned for a 100 percent o%erload when compressed air is used in

such a, system pos1t1ve fail safe Jo1nt conuettors Fust be used tb prevent
separat1on of" thq sections. - ! -

v
’

e . ACTIVITY 6  SEs—
1, "What protection should be provided for bull-float .

handles that may come into contact with ener§ized f
electrical conductors? . Nl

. - ._/')

2. What is the function of a skip og a concrete mixer?

. “

’ ) N / , ‘ !
. N - { ,
. X .
7 3. What type of control switch must & powered cbncrete
troweling machine be equipped with§, [
e > ‘ . (/ :
. \ ' \ .
P . . - . .
OBJECTIVE 7: Explain safe shoring practices. N

o : P
Sﬁor1ng is’ the term for the system used to support concrete formwork for.
multiple floor structures or towé’? Shoring systens may be made of tubular
steel frdmes, timber, or adjustable wood 6r jack supports In every instance,
the shoring system must be designed by a qua11f1ed eng1neer and erected or re-
moved only under the diréction of an experf!ﬂ'ed supervisor. The failure of a
shoring system, or the collapse of a concrete sf{ructure %hen shoring is removed
too early, can cause disastrous accidents that can result in multiple fatal in-
jurfes and large property'damage costs. Even ‘though the shoring system ?s
properly.designed,'erected, and supervised, persons installing or removing
. .- . =
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shoring should understand the basic safety equ{rements. SA@E;éHORING IS
'» ESSENTIAL TO PREVENT THE COLLAPSE OF A CONCRETE STRUCTURE. ,lﬁq
An accident occurred-a few yéars ago during constructiop for the.space
mission, when a massive cortrete structure collapsed during: the pour Two
' men were k1lled.and 14 others 1n3ured. Investigatipn determvned thﬂf only

) one piece.of side bracing had not been installed as requiréd!

A The shoring design of a structure should consider‘a]ﬂ of the details and
special conditions of the structufe, Including heavy beams$,. r _ﬁ, and other
sloptng areas, use of cantilevered slabs (slabs supported on"HWy ohe end),
and the method used to transport concrete to the.working areal. The design'
must also consider all foreseeable lateral loads (loads imposed from the

_sﬁde), such as wfnf, cable tensions, inclined supports,cimpact of placement,

. * and the forces imposed by starting and stopping equipment. A copy of the
shoring plans must be available on the job,site at all times. ' /
Shoring safety considerations must start w1th the foundation soil capac-

L’TE;—EFE\{Qe effect weather conditions have on that capacity. For instance,

. a clay soil may become plastic after a rainfall, or a frozen soil may lose
carrywrg capac1ty when the weather warms. If possible, soil under foundat1cn
supports should not be disturbeq. If disturbance has occurred, the soil’must
be reworked and compacted under the direction of an engineer or other qua11w
fied individual. =~ ! ! R .

Horiztonal supbort structures, or sills, which are used to d1str1bute
' +the load to the soil should be sound, rigid, and capaﬁ?é of carrying the load
without ;ettlemént or di{ﬁ?acementf Suitable sills should be designed for
° use on any floor or support where the frame;leg§ or posts could concen;rate
_ too heavy a load or a thin concrete section. — _

A uniférm shoring system should be used'throughout the stfucture; adjust-
able wood ot jack-type shoring should not be used interchangeably, or in com-
b1nat1on, with tubular steel shering. The reason for this is to avoid the
unevern sett%ement that may occur whe a"erticé[ load is applied.

Before erection, all sﬁoring equipment should be inspected to ensure that

"”‘d;hey are the type specified in the design, and are freg of defggts such as
' 3

~
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|
cracks and excessive knots in “wooden members. If tubular steel frame shoring
is to be used it shou]d be inspected for foug conditions:

Excessive g?st1ng . A

Straightnegs of parts, no dents or kinks.
N \

Damaged weldsy

Lock1ng devices that are in good working order; all components in con-
dition similar to when first manufactured.

After erectton, shoging equipment must be 1nspecfed just prior to con-

crete p]acemeﬁt The shor1ng desigp plan should be thecked to enSure- that:
1. Deta1ls of the layout, including side bracing, have been met.

2. A1l vertical shoring equ1pment is in a.perfectly stra1ght pos1t1on
The maximum allowable deviation from the vertical is 1/8 inch in
three feet. «

The spacing between towers and the spacing betWeen Cross brac1ng is not
greater than that shown on the shor1ng layout. .
Al1 locking devices are in the closed position.

A1l base plates or adjustment screws are in firm contact with the foot-
ing or sill. . R -~

Adjustménts should not be made Eo raise the formwork after the concrete has
been placed. - ' )

Constant shoring inspections should be made qﬂ?ing concrete pouring op-
" erations to: -

1. Make any corrections necessary.

. 2. Tighten wedges and/or adjustment Screws if necessary.

3." Check for adequate protect1on of shor1ng from damage by moving vehicles
) or swinging loads.

Shoring and,.forms should not be removed too early. CONCRETE MUST BE
PROPERLY SET .~ This can only be deferm}ned by tests .on job-cured test cylin-
ders to eﬁsure that the-conctete has attained the sﬁrength needed to Farry the
load. - These tests are normally performed by an independent testing service
that takes representative samples of the wet concreéelduring pouring for test
" purposes. Job speciBicatidns and local building codes also regulate form re-
moval. Only persons actually engaged in the form sktripping operation should
be allowed in the area;"q/?rd hats, gloves, and safety-toe shoes with heavy

ep tie wires that hold forms together are cut, care

soles should be worn.
- _(
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should be taken ‘to avoid backlash by the tie wires. These wires might hit
v . the body, pafticular]y the face, eyes, and throat so the use of eyé and face
oo p;otectiqn is recogmended. . ;
.o\ . . t .
: _ ACT\\/IITY 7: _,.
7 W Explain why shoring systems must be désidned by a
. qua1ifieq engineer, and erecied or removed only ' '~ ..
under the supervision of an experienced supervisor? .
, 2. What should be included in an inspection of sho‘ring

. equipment before it.is erected? .
v . ‘ _ 44("—2:/
3 b. / :
<. -/ ‘ A
d. . '
3. What should be included in the 1nspeFtion made just

prior to concrete placement? _ .

a

a. «

b o
b~

b
c

. d. .. .
e. 7 -

4.ﬂ,/Hth:P?otective clothing or equipment spouid'be worn
when stripping forms? _

a¥o o o
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r OBJECTIVE 8: [Discuss lifting attachments, devices,'and ’
handling precadtions fd% tilt-up and s 1p'f6nn construc-
tion techniques. S - ' ~ |

. @ v

Tﬂt-yp construction i's the name given to the common practiae of pourj.ing

concrete wall panels adjacent to-the final placing position and then tilting
or lifting them into a vertical position: Often, the previously completed
floorslab is used as the p]écing bed, and the w%]l section is tilted fnto
position after curing. Each panel should be pouﬁéd'as close as passible to
the Xocation where it will bé erected. Lifting &evices and:other accessories
shoulh be specified, and must not deviate from désigner'specifications. The
pane]\must be cured long enough to ensure that tﬁe 1ifting attachment inserts
are sﬁrong'enough to withstand the stresses’ that will be placed on them during
erection. Care has to be‘taken to prevent the péne] from binding to the ma-
terial against which it was poured. This can be accomb]ished by using a

chemical] compound between the

base .and%the panel being poured.
Jacks or wedges=should be used
to separate the cured-panel from
‘the base. Equipment shall be
used so that it will not place
damaging stress on the panel.
Rigging equipment should be .

placed so the panel will not
strike the boom or crane during
hoisting operations (see Fig-
ure 6). ‘.

Egployees should never
stand Uenqpth panels or sections
while they are being lifted or
tiited into position.

The’use of a slip form is

R 4 . .
Figure 6., A tilt-up wall panel being
raised into position.

another method of concrete
placement in which 1ifting

o 24
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, devices are used. Slip forms are used as the'fr‘amework for vertical struc- .

T tures whose design permits the continyous raising of the forms. It is an .

economical method béﬁause of -the high rate of production allowed and the
reuse of the forms. o .
. The prcpedure is to pour the first 1a}er of concrete,-and wait ugtiy 2
the concrete hgggaxtained sufficiept strength to support itself and all
other loads that wi]] be imposéd during the next pour. Forms are then moved

up to the next Jevel by means of hydraulic, mechanical, or air-operated jacks

5

or 1ifting devices. : - Y T
§ As in the erection of shoring, slip ferms must be désignedl constructed,

and lifted only under the. supervision of persons experienced in this techni-

que. Engineering drawings showixz the formwork, working decks, scaffolding,-.

and jack or 11ff§ng layout must be kept available on the job site. The tgta]

area of placement must be encircled by scaffo]din@ or work platforms to pro-

tectathg workers. Lifting‘@ust proceed steadily and uniformly at a safe rate

to avoid overlpading at any 1ift points. After the forms.are in place for

the next pour, they-should be supported by a mechanical- 1ink or stop rather'

than by the lifting dev‘ice‘. Also, the forms mugt be braced with both 1ater‘a.1 .
and diagonal bracing to prevent too great a distortion of the structure during

the sliding operation.

’
’
-

] ACTIVITY 8: ]

. 1. Who designates what 1ifting devicks will be used
,on tilt;up panel construction?
»

2. What precautions are necesséry witﬁ respect to

¢ rigging equipment used on tilt-up panel or slip '
farm construction?

3. What precautions should workers take when panels
) . or sections are being lifted or tilted into pos-
/ . tion?
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OBJECTIVE 9:

» fwith precast and prestressed concrete.

+

State the safety factors assooiated'

N Precast concrete-is any concrete member that is cast in forms at a place

other than the location of final use.
rapid and economical construction.

The use of precast concrete permits
A centrally 1ocated casfmn\?pﬁant obtains

economy through stockp111ng of materials and by al]ow1ng all work.to be per-*

formed, at ground 1eve1

This technigue is Jsed to produce beams, slabs,

panels, and a wide var1ety of other shapes

L4

Casting beds range in%ize from a few square feet for individual comps-
Good
housekeeping 1s essent1a1 at all-tjmes o avoid injury to the many people mov -

nents to 1arge areas used to cast several 1arge ®mponents at one tﬁme
ing on foot throughout the area Poor h9usekeep1ng encourages poor workman-.
sh1p, and is a leading Cause of accidents in the casting yard. Casting beds
over three feet h1gh should have walkways, equ1pped with handra11s and steps,
that run the entire length of the casting bed. X
Heat, in the form of steam, hot water; or hot oil may be used to cure the

concrete.
N .

When this is 'done, care must be taken to‘avo1d burns.

Piping thai‘

A1l heat-

¥s not enclosed by the cancrete or {orms should be well insulated.
ing apparatus must be installed, maintained, and operated in compliance with

) the manufacturer S recommendat1ons *

Prestressed concrete members are compqsed of high-strength concrete and

steel. The process. of prestress1ng is used to create very long and slender

K

concrete structural

embers.

The steel wires or rods are placed under high

tension, and when, rejeased, place the concrete in compression.

This increases,

the load carrying c

acity, and is acopmp11shed e1ther by pre tens1on1ngQ0r

post-tensioning.

Whén pre- tens1on1ng 1s

, the stee] is p]aced 1n tension.

before the concrete is pou;gd.

After curing §f.the concrete, the 10ad is re-

resistance fran the steef to

moved from the end abudtmbnts and transferrggsb
used, the concrete 1s cast w1th

When post-tensioning 3
the strands or Rars enc]osed in a shield and proper]y positioned 1n the form ¢
After the concrete has set for the time réquired to reach spec1f1ed strength
the steel:is tensioned and the space rema1n1ng around the strand og bar is

-

the concrete member .

‘ ‘ L]
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“filled with concrete grout pumped Jn under pressure. Past fens1on1ng is
usually done from scaffo]ds, and there is less exposute to hazatds than there
is in the pre-tensioning méthod.

Persons whe.work on prestressed concreté are not op]y exposed to all the
hazardg of construction, but also to~injury from the sudden unplanned reledse
of the tremendous energy*in the strands. ' .

i Prestressed concrete casting is a soecialized type of. operatiOn Every
phase must -be under the»superv1s1on of experienced engineers, All persons
. emp]oyed in the operat1on must be spec1a11y trained in this work and “should

follow all safety gmidelines ‘that are established.
4 - RS

sassssssssssm——  ACTIVITY 9!  csss——

13

r (Answer the following questions d€aling with precas$
* S o B

and prestressed concrete_safety factors.)
1. (Mark-true or false.)
Precasting of concrete s usually done
'aﬁoy from the job site.
2.' What type-of access should be -provided around
’ tasting beds'that are over three feet high?

”

’ 1. > . A -
Besides exposure to, usual construct1on hazards,
. persons working in prestressing operat1ons are
A exposeﬁ to what spec1a deadly hgzard?

T
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American'Nationa1 Standard. Safety Requirements for Concrete Const}uctigg
and M&sonry Work, ANSI-A10.9-1970. New York: American Natonal Stan--
dard; 1970. ' )
The Assoctated General Contractohi of Amgr1cah.1 c. Manual of Accident
Prevent1on in Construct1on
“U.S. Army Corps of Eng1neers Pamph]et Handbook of Personal Protective
Equipment, EP385-1-27. .
“U.S. Army Technical Manual. Cencrete and Masonry, TM5-742. - |
‘U.§' Department -of Labor. Occqpat1ona1 Safety and Hea]th Requlations for
. Construction, 29 CFR 1926. :

. . ANSWERS TO ACTIVITIES

r L]

ACTIVITY 1 ' -
1. . &  Safety goggles for eye protection.

Durable, c1osm f1tt1ng c]oth1ng with snug wrist, alk}e, and neck
bands: °

7.
jlahs | o - le
f

Gloves //////,/
‘pmators o "=

Protect1ve cream.
-

1. ' ‘A1l scrap lumber, waste matehiaf and ;gbbish shall be removeg from the
‘ﬂ‘d’l&e work -area as the work progresses. ) :
2. quent and thorough wash1ng followed by/?pp11cat1on of a protective

@ .
cream or 1ot1on is recommendeq.

ACTVITY 2 0 -

ACTIVITY 3 ,

1.. The air bubb]es a11ow space for the water's expanding under freezing
cond1t1on§ and prevent possible damdge to the concrete. .

_a.. Preheating the aggregates and water. . »
b. Enclose and preheat thejarea. ‘

Ne
o s,
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ACTIVITY 4 ) . ‘
1. The steel gives the concrete tensile strength. . t

2. To prevent impalement, the vertically protruding steel should be bent
over or the ends covered with timber or other.material.

ACTIVITY ' , .

1. The aggregate should be clean, hard, strong, durable and free of clay,
or other-materials that would hinder the bonding of the cement.

2. The propert1€3‘that are influenged are workab111ty, economy, ability to
contain water, and shrinkage of the concrete.

3. Aggregates shou]d be removed in approximately hor1zonta1 1ayers

o

ACTIVITY 6 .
1. The bull float handle must be made of nonconducti‘. Wateria] or insulated .
with a nonconductive sheath.
‘2. The function of a skip‘si to hoist aggregate and cement to the mixing
drum. ’ :
A “dead man" control switch that will automatically shut off tige power
wheneyer the operator's hands are removed from the handles.

-« ACTIVITY 7 . .
. i. . The failure of a concrete shoring system, or'the co]]apse‘pf a concrete
structure when shoring is removed too early, causes disastrous agcidents
that uskally result in fatal injuries and always result in large property

damage costs. .
. 2. a. Freedom frgm excessive rusting.

PR
b Straightness of parts; no dents or kinks. . . ‘ .
¢. Undamaged welds.
d

Locking devices that are in good working order and components that -
are all in condition similar to when first manufactured.

Details of the layout including ateral bracing.
A1l vertical gporlng equipment is plumb.

c. The spacing between towers—and cross bracing 1s not greater than
« that shown on the shoring layout.

d. All locking devices are in closed position.

e. All screws, or other extension devices, are adJusted so that base
platé@ and . shoe heads are in firm contact with the.sill or form.

\ B
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Hard hats.

vo-

[N

a .

b Gloves. - ' ) .
“¢. Eye and fate protect1on
d

. 'Safetyftoe shoes wrtﬁ heavy soles "~ *
o= : L -
ACTIVITY 8 - . .

1. The des1gner spec1faes 1ift1hg devices for t11t -up construction.
2. Rigg1ng equwpment shoul@ be placed so the pane1 will not strike the -
" boom or crane during 1ifting operations.
3. Employees should not bg’undér panels or sections. . _ "
ACTIVITY. 9 N ‘ - ‘
1.  True. ~ . T \ :
. 2. Walkways, equipped w1th handra1Ts and steps, that run for ‘the entire -
. . length of the casting ‘bed.

*.3. Sudden release of energy 1f a strand breaks and whips across the work

\ 7 area. | : R : - ,

& b
[} ] * ’
. s .
5
» . by >
P
. »
“
‘ no, 4 G
.
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