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| - INTRODUGTION

The SEAOC Committec on Shrinkage of Conerste was formed by the Structural

Englneara Association of Czlifornia a2 a result of the resolution pacsed hythe rmamhbers
at the 1963 Apnual Convention, SEADC:

WIICREAS the State has regquested thls Association to Zorm a commit-
tee to recommend realistic metheds of controlling shrinkage ol concrere,

WHEREAS the State has been stedying the problem of shrinkage for
zeveral vears and has sufficlent data to show that same aggregates exhibiz a
high potentlal for shrinkage,

WHEREAS 1t is our duty to protect ourzelyea, our clienis, the ownet
and the emmtractors when this infortnation iz available,

NOW THEREFORE BE IT RESOLVED that the Board ¢f Directors is
hereby regusated that a Committee be assigned by the State Azsociation to
study the problem to recommend metiods of control and to establish reazon-
able ahrinkage factors conslstent with sound enginearing principles.

The reanlutlon was prompted by many recent experiences with cencrete bulldings
where excesaive sagging, eracking and leaking have oecvrrad.

1l - THE PROBLEM OF CRACKING AND DISTORTIONS IN CONCRETE STRUCTURES

Cracking and sagging of corcrete members is not 4 new problem. Since the begin-
ning of t1e use of concrete, engineers, architects and bulldera occasionally have had
wnfortunate experiences with sagging fleors or cracked, Tleaky” walls, which causad
amxiety to the gwners snd incenvenience to the occupants of bulldings. '

Lately the problem of distortions In concrete buildings has recome worse hecause
of an increzsing demand for longer buildings and longer shellow depth members. The
deslgn of wvery shallow members is now poasible because of the availahility of high
strength ztesls and comcretes. Precast constructior also demands Mght, shallow, thin
members for ease of handling during erection.

- It appears that the more advanced principles of deslgn of concrete structures de-
mand - that - the . acceptability -of the . work should not be hased solely on the vlfimate
atreagth © and - workability of concrete. Shrinkage and creep musr als0 be given proper

. consideration; thiz. is because the deformations due to ereep and shrinkage may be o

or morc times greater than the elastic deformations .



Section 903 of tha 1963 ACI Building Cede requires that consideration anall he
given to the effeces of forces due 1o Creep and shrinkage.

The panel on Plant Producrion of the Prestressed Caoncrete Instituce®  recommends
i that the quality coatral of concrete be 80 exercised as to insure that

i “It must heve low values of shrinkage ard creep in order to minimizc
i losges and memhar shortening which may cause jointing proslems.

Ol The ahowe requivement s in additicnio the usuzl criteria for strength, durabkil-
t iy, &ic.

L Defiectioma and oracks i3 CONCEELE SiTuctuTes mayv never be enrirely eliminated,
i but they can be controlled and minimized by

[T

a. Proper selection ard proportioning ol concrete ingredients.

o Mmooz

Proper conszruction merhods, =uch @3 thixing, placing., consobicating,
curing, &ic.
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¢. Proper technigues in the design af concrels members and ioinls.

Alt the above items are of equal irnporience and the order in which they are given
is immaterial.

Ammroic ot

Concrete cannof be used iatzlligenily withour iaking into consideration its volu-
metriz changes witn time.

e
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Concrere deforms elastically and cresps under sustained loads as time gozs on.,

It shrinks ard swells due to chénges it Moisiurg COntent under varying remperatere -

amidity environments. [t contracts and expards due to changes in temperature. When

some of these movements are restrained by the foundationz, the steel reinforcement or

by adjacenr portions of the struciure, rensile stresses in the concrete are induced.

Cracks are formed in places where tensile strength and extensibility of concrets are
overcome.
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Creep and shriakage of coicrete are so intimately interconnected thar one canaot
be corsidered withour ihe other. In fact, E. Frevssinet, the famous [rench [ngineer,
] evolved a theory that shrinkapge is & creep due to suscained capillary forces. Wei-Wen
Yi and George Wirter?® derived a coefficient which takes care of both shrinkage and
creep in the computation of deflections of concrete beatns.
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In gensrak, when the magnitude of the shritkage of & concrete mix 5 contrelled,
the magnitude of its creep is also conlrolled W a certain extent because the undesirable
factors that affect shrinkage seem to have 2 similar effect upon creep.

Tte tendency of concrete to crack under conditions of rostraint 15 & time-depend-
A ent process. {t depends upon the eventual movement due 1o temperature changes and
1: shrinksge, on the tensile strength of concrete, lts creep propertes, eifective modulus
g of elasticity, ete. Cresp allows greater extensibility and thus effzers the tendency to

crack. However, the hicher shrinkage uzvally overcomes the relief oftered by the creep.
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J " 1 1962 the Stafe-of Califorala bifli efght similar concrete deck sections i the
3 Webber Creek Bridge ®. ' Concrere of four degrees of shrinkage was produced by using
i;, cemmbhinations of fwo cements and two gagpregares. -Shrinkage specimens were cast on the
A




job and tested in the laboratory in accordance with ASTM procedures. & year later one
of the comcyete decks with higher shrinkage characteriaiics {7‘5{]1;10"5; 3 in. By X in.
barg, 28 days of drying) showed 09 soifit eracks with a total length of 243 feer, with %3
cracks leaking .One ofthe eoncrete decks with lower shrinkage characreristica(2o0x107;
4 4n. by 3 in. hars, 28 Jays of drying) exhibirsd 7 soifit cracks with 2 total length of 27
feet, with 1 crack leaking.

i - AMOUNT OF SHRINKAGE

Most shrinkage 12 due to diffusion of moiswmre from the interior of the concrete
roward ite surfsce to replace thar lost by evaporation. The process i3 exceedingly slow
and cernplex . The surface of conerete dries nore rapidly than its interior. This causes
conerete to shrink non-uniformly because the shrinkege of outer fibexs is restreined by
the inner fibers. A complicated syatem of suslainec stresdca is created at which time
creep enterd into sction and modifies the effect of shrinkege. Thus there Is no sich
thing aa "fres” unrestrained shrinkage. This convenient term ig used for total shortan-
ing of a laboratory apecimen of plain concrete. In some tosts,cracks either at the rock-
paste inrerface or in the pase itgelf, are formed due to internal resixaint These cracks
rclieve the shrinksge stresses with the result thae shart-time measurements indigete
low shrinkage 4, not indicative of the true shrinkage potertial.

Because drying commences &t all expossd surfaces, the magnitude of progressing
shrinkage yaries considerably with the zize and ghape of the member and depercing also
upan how many suriaces arc sxuposed to drying. Londer ordipary climatic conditions the
syerage slrinkage of structural membera ene foot or more in thickness probably wouid
never approach thet of amall baxs E, This pheromenon 1s duc o the fact that concrete
will absorb in one day ag much moisture as it will releass In wo weeks, Thus pericdic
shaorption. of mcisiire by concrete in gorvice prevents the indefinire concinuarion af
drying as in 2 Jaboratory undet a steedy humidity-temperature environment. Teats lagt-
ing for 720 days showsd that shrinkage in the fleld of 3 by 4 in. specimens was 0.3 ta
0.5 of that of specimens vnder laboratory conditions #' for 720 days.

Tests of the Califorria Division of Highways showed that autrdeor shrinkage in
Sacramentn for 112 dava of 14 by 20 in. kears was ahout 0.3 of thatof 4 X §in. =peci-
mens 2 dried under the samec conditions.

Carlson!! assumed that dryleg shrinkage is approximately proportional wo e
amount of inoisture lost. Or this Dasis he found that 507, of the ultimate shrinkage will
take place in 1 menth in a 3 ia. slab; in 1.5 months in a 4 in. glab; in 4 months in 2 6 in.
glab, and in 16 menths in a 12 in, slab; all drying from hoth faces 2t conseant 50F
relative humidity, The above shows the importance of consideratlon of the =ize, ex-
posure and shape of a member in shrinkage gtudies. A 12 in. thick slab or wzll expozed
ro natural weaiher may not reach 506, of ultimate shrinkage in 16 menths hecause of
perlodic absorption of moisture during changes of weather .

¥Yor the study of cracking in a larger concrete member the diztribution, 28 well
as the average sinount, of shrinkage is of mportance. Carlson!! gives an approximate
distribution of shrinkage in slabs or walls of any thickness for any period of coniinusls
drying -at 'ﬁ a0% relative hurnidicy- 4 12 in. wall at the ¢nd of 100 days drying from cne
face only ~will ‘tend  fo shrink 487, of the ultimate.at the first 0.1d {d = thickness) from
the '.dryiﬁg face, 184, 'at 0,24, 798t 0.34," 2%, ar 0.4d," 1% av 0.54. Ar 0.64 there will be
no “shrinkage atall. Under these conditions surface cracking i8 inevitable inT concrete
with an ukimmate shrinkage of 200 millionths.

1
]
Il



J e 1L B

e

o

i

Several texthooks and pablications treat the subject of warping of concrete due o
shrinkage 15, 18, 17, 18, 19, 20, 25

For practical purposes formilas are nsually given in terms of the effective Ufrea”
ulsimate concrete shrinkage §,, which is the ultimate shrinkage of the concrete member
in the srrecture, regardless Of it8 Cross sectiot or mode of drying, expres sad as a2 di-

mensionless ratio of the length of shrinkage divided by the length of meniber under con-
eideration. '

Miller 18 gives 300, 600 and 700 millionths as commonly accepted ultimate values
for low, rmedium and high shrinkage respectively.

For the purpose of this report the concretes having ¢ltimare shrinkage of 400, 600
and 200 millionths will be classified as Clas= A, Band & respectively.

The effect of ehrinkage upen deflections s greater than realired. In many cascs
the deflaction due to shrinkage i3 just a5 large as immediate deflection duc o dead load

and in some caszes the deflection due to shrinkage is greater then the detflection due to
creep ™

The eeleulaisd daflections of a 5 thick canopy slab cantilevered 8 is:

.43 in. immediate due to dead luad
(3.42 in. dve o creep

0.39 in. Jue to shrinkage

1.44 in. total

The daflection of 0.5 in. due o shrinkage is based upon a low shrinkage concrete
(400 millicnths). For high shrinkage concrete (500 millionths) the shrinkage deflection
will be 1.18 inches, which is nearly 3 times the Iinmediate dead load deflection. With
inereazéd deflection due to the high shrinkage of the concrete, cxecp and the deflection

due to ir will also inorease somewhat, so that the total d=flectfon will be well over 2
inches.

When deflection and/or cracking are a major considerarion i is not advisable to
usc high shrinkege concrete.

Iv - CONTROL OF SHRINKAGE BY LABORATORY SPECIMENS

Compressive strength of 4 6 x 12 in. cylinder admitted.y does not represent Ll
strength of the concrete. in a structure, where the stress disrribution differs greatly
from that in a test cylinder. However, standard cylinder tests are of considerable value
for practical purposes of strength control of conerete.

Similarly, the shrinkage ofa laboratory apecimen can be used to control and serve
as an index of potential shriakage of cencrete to be uzed on a job.

Shrinkage tost speciméews dre usually small esancrete bars 3x 3 inidx 4in., or
4 % 51in. in cross-section. They are molst cured for 7 days. The shrinkagre 1z measured
on a 10 #. min. gage length. The specifications usvally limit the amount of shrinkage
after either 14, 21 or 28 days of drying, and sometimes at later ages. )
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Trempor and Spellman? compared the results of lahoratory gpecimens dried
under szandard conditions to those of field exposure of full-siz2 or near full-size struc-
tures and pavemenis, There 13 subsrantial evidence that suliably designed laboaratory
testz can be used to predict the effect of the charactetistics uf the constituents of con-
crete and the conditions of its manufactire an its shrinkage in service.

The drying shrinkage cfzmall leboratory specinens 13 approximately proporticnal
to the surface-to-volume ratio. If the relagive shrinzage ofa 4 x 4 x L1 in, bar is taken
as 1.0, the shrinkage of a3 x3in.is1.3;0fadx5in. 150.90fa f in. cylinder is
Ul?l

¢:. FE. Troxell® made a series of short-time tests on coucrete shrinkage. He
concluded that the aciual leng-time shrinzege may he comrputzd from the ghore-time
cshrinkage pruvided @ proper conversion factor for the special test conditjens has heen
determined previously, In his tests 28-day laborstory shrinkage tests predicrad 200-
day lakoratory shrinkege with L3% mex. znd 2% min. exzor.

In ercer ic arrive zt a proper and rcascneble shylakage limit of a laborataTy

apecimen, it s necessary o consider the overal] phenomena of shrinkage of concrate
jne=iuding the resulting cracking.

We meed the amouni of ul:imate shrinkage in a structure from all or any sources
crd the eracking poteniial it creates. Ir is difficalt to estimate closely the weather con-
ditiors vnder which the concretz will he made in a struetire, or to predict the cffective
temperaicre-bumidity environments such as air goaditioning, heating and ambient con-
ditions ro whick the concrete in a structure will be subjected in different parts of the
country. Therefore, it is best to allow for the most unfaverable possibllities.

The rate of shrinkaye is rapid at first and then decreases assymprotically with
time. Again, it is 2 function of the size and shape of the member. Shrinkage of 323 in.
specimenz dried at 50% R.H. and 75° F appears to appreach lts ultimate after about 32
weeks® . The 2B-dey drying sbrinkage of 3 by 3 in. epecimen may be taken ecual to
sbout 50 percent of its ultimate shrinkage. The ehrinkageof a 4 x4 in, specimen ap-
proaches its ultimare in about 64 weeks; its 28-day shrinkage may be taken ahout 40
percent of the ullimate. The 25 -day shrinkage of € in. eylnder specimens may be taken
atout 35 percent of the ultimare. These are average valics taken fror varicus tests.

Troxell, Raphael and Davis ™™ tested {fifty-2ix 4 in. cylinder specimens; max.
aggvegate size 3/4 in. awl 1.5 im.; several types of aggregetas; cemant types | ead IV
relative humidity 50 ang 70%,.- The rate of sarinkage waes 23 follows:

14 1o 24% of the uitimare shrinkage occurred in 2 weeks.
20 to 509, of the ultimate shrinkags occurred o 4 weoeks,
40 to R0F, of the ultimsare shrinkage occurred in 3 monts.
66 to 837, of the ultimate shrinkage occurred in | year.

The abowe walues can be used in estimating approximate long -time =hrinkage of

small laboratary speclimens from thelr short-time shrinkage. These values do not apply
o larger members.

Assume thas the ulilmate  "free" concrets shrinkage will be cantrolled by the
laboratory shrinkage of a 4 by 4 in. test spectmen, . muist cured for 7 deys and then
dried for 28 or 21 day$ under 50% T-R.H. and 72.49 + F (A.5. T.M. Designation C 157-
64}, Designate 28-day drying shrinkage of laboratory apscimen by 8. Az mentioned be-

fore, assume that the .28-day -shrinkage {s 0.4 of its lsboratory ultimatc £'. Then

[]
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§' =8 = 0.4= 2,55, Assume that dve o variation in humidity, temperaturs, s1Zes ot
menbers, etc., the effective vfrap” nplpimate shrinkage in & atructure will be 0.5 of
that of the laboratory specimen. Then the effective average "free” ghrinkage in the
struciure will be 8y = 2.58(0.5) = 1.255.

Thus the 28 -day laboratory shrinkage of 4 x 4 in. spacimens dried for 28 days
should he:

400 + 1.25 = 320 millionths for Clase A sonaretie.
600 + L.25 = 480 millentha for Class B conerete.
800 « 1.25 = 640 millionths for Clazs O conerete,

Due to considerable spread in the properties of concrete of the same naminal
strength, a variation of 13 percent can be =llowed in the ahove values.

If specimen is dried for 21 caya multiply the above values by 0.83.

‘hese values may be specified as shrinkage limics of test specimens in order [
camsrol the shrinkage of concrete for & project. See Appercix [ for sample specitication.

It should be borme in mind that no laboratory test of grmall gpecimens can be ex-
pected to predict exactly the shrinkage of comcrets members in a gtrunture Lnder all
vindz of conditions. Fuure tasts on the correlation betwecn lahoretory and field shrink-
age may show that the akbove given values should be decreased or increased.

V ~ SELECTION AND PROPORTIONING OF CONCRETE INGREDIERTS
FOR LEAST CREEF AND SHRINKAGE

The shrinkage of concrete depends on the properties and relative amounts of haoth
the cernent paste and the aggregate.

The main ingredient of 2 concrete ML i the egoregate. It i3 10Ot an inext material
introduced only for ecenemic reasons. It is a building marerial connected intoa cohesive
whole by means of the cement paste® . The aggregate, which cccopies 75% of the toal
volume of concrete, is normally swronger and more darable than the cement pasie. ls
physical, thermel and chemical properties Fave a large influence on the averall per-
formance of concrets. MNeat cement paste shrinks ‘as much as 2700 millionths of its
length, which 1= cqual to .24 inches per 100 feet (1000 millionths of length egqual 1.2
Inches per 100 feet), Cood aggregate shrinks very liile. It restrains the shrinkage in
duced by the cement paste. Not all aggrerates are eqaally effectve in restraining the
shrinkage of the coment paste. Srnall 4 to 6 in. laboratory concrere specimens mace of
such aggregares as guartz, feldspar, good graces of limestone, dolomite and granice
cltimately shrink 350 to 350 millionths of their lergth under constant humidity - Llempera-
ture environment of 50% + R. H. and 70° + F. Corcrete specimens made of certain giliz-
eons and for calcareous -mixed gravcls, sandstone, marble, slare or low grades of
granite ulrimately shrink 600 to 1100 millicn:hs of their length under the same canstant
humidity-temperature environment, The effect of e mineralogizel character of aggre-
gates must be “givén caniideration n the control of the mzgnitude of the shrinkage of
concrete, or actual shrinkage data cbtained by tests. ‘00 - O I

Polivka!® 114 concluded thas "the nators of the apgregate is orie of theé ‘major fac- .
tors influencing the ahrinkage and cracking characteristics of conorete. Tl L
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Excassive amounts of clay in Uie aggTegaie inzrease the shrinkage up 0 2594,
Limits of clay content of the aggregate shonld he specified. See Test terhod No. Calif.
217 F (Mararizls Manual, Testing and Contral Procedures - Materials and Research De-
parrmert, State of California, S2cTamento, California).

Laboratory ests® show thar there 1s a range as muca &3 2 o b in the relative
ehrinkage exhibized by different Cements with the same aggregete. Shrinkage characer-
jetice of a cemant cannot be predictad reliably f=om the ordinary chemical analysis.
Type I (low alkali) cement normnally exhitics dow shrinkages, bt there can he 8 ciffer-
ence of 100%, between the Type I cements of different manufactirers.

Tests bave showm ther for the same water conient der cubic yard of concrete ihe
shrirkage remains the same for a wide range of cement conrents. For example, con-
crete mives with either 6, 7 or & sacks per cabic yard, but with 33 gallans of weter [er
cabie vard gave akant the same shrinkage of 300 milllonthe of the length’ . Mixes with
laTger mMaximuim £i7e aggrogetss demand less watar. Thus shrinkages can be decreased
by about 209 by using 14 in. maximum size aggragate jnszcad of 3/4 in. magimum. Re-
ducrion of water crmfent by the uss of proper adminturea sheuld reduce shrinkage. Tae
sdeal mix to minimize shrinkage for a given ser of materials is one gontairing iz a cubic
yard the least amount of water, the largast maximum size aggregate and the owes: poa-
sible percentage of sand consistent with good workability. The slurap should be the least
at which the camcrete can be consulidated by intelligent use of madarn vikrators. 07 o
7 glump concrarte is being tsed in some fabricating plantz and 3" and 47 slump concrete
iz heing placed in tiald.

V1~ TECHNIQUES IN DESIGN OF CONCRETE BUILDIKGS
TOMINIMIZE THE EFFECT OF SHRINKAGE

It should he kept in mind that most pertions of & congretc building, during con-
struction and ot service, are consiaotly in motion cug o variations in temperature and
Yumidity . When the movernents of &djacent gortions are uncqual the tensile streagrth and
extenshility of concrete may be overcoms 2nd cracks will cngue.The undesizable effect
of crecking upon the servicesbilily o712 building mey be reduced by trying to provide
derails and shapes thar will minimize the differeatial movemnents of adjacent elements.

It can he assumed thet the propagation of an average shrinkage with tire in 4 wail
ig Inversely proporcionsl to the square of its thicknessg!'. For example, =z 12 in. thick
wall will teng to sharink in a glyer time {(3/1232 = (.44 as much as an & in. thick wall,
Discanrinyities or changes in thickness and horizenral dimensions should he ayoided. A
fegestration with wide wall panels at ths eunds of a building and parrow ingermediate
piers joined by relatively thin spandrels will surcly raesult in cracks in the spandrels at
the corners of windows due to restraining action of cad walls. & building froat with nar-
row piers throughout, uniformly spaced, is better. If large end wall pansls ave func-
tionally or esthetically necessary, specially designed contracticn joints can be intre-
duced at the points of dimensional or volumeiric discontinuity. A wall front with thick
and wide piers (zay 16 by 48 in.) joined by thin spandrels will result in ¢racks in the

spandrels, beczuse they dry ot much faster (inversely to square of a thizkness) than
the thick piers in berwesn.

- Ginee the rate of the edvancine shrinkags {ront diminishes as a square of a deph
from the drylag surface, the thick wall may never ¢ry out and reach {ts ultimate shrink-
age because during the changes of seasons it will be ahsorbing moisture, while the thin
wall will dry out and crack before the change in sezaon arrives. However, the thick walk

drying from.cte face only may crack at the gutar face due 1o intsxnal restraing, but the



e eracks moat likely will be stallow and will not reach the inner face, A ]:-1.Il|11r;11ng wich ex-
}E terior columns and § in. thick walls with openings will havs more leaky' cracks than a
building with 12 1n. thick bearing walls with similar openings.

Obscrvations show that In buildinga with basementz or latge heavy foundstions
B ander walls the most numerous cracks arc in the first storywalls due to the restraining
actlon of the portions ol the buitding below the ground where the shrinkage i8 the least,
Tre huilding with columns only in the first stary of exterior front will crack leas he-
cause the colurms will accommodate the moverments due to differential shria kage®’,

|

1 Chge-vations show thet the nullding fronts hawing about 60 parcent or more of
1 openings crack least, bus solid blank walle and walls with relztively small openings (3ay
H_ 25 percent of gruss area) presens troubls, Cracks are developed at abour 10 o 16 {eet
i? on cencers . The vreater the spacisg of cracks the widez the eracks. Owners of buildings
!i are frced with the problem of water leasage through eracks. I wells are sprayed with
1

i
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. asphaltic compoend con the imer fazc and furred the pesetration of moisture will not be
‘ az rroablesome.

Since skrinkage of concrelc walle may never be elirninatsd, an attempt ¢an be made
i to diztribute the movements dus to shrinkage in &= many smaller inot "leaky''} cracks
i a3 possible, "'V or " grooves can be used in the hope that the cracks will open within
. these groowes. Thne grooves should he locased opposite to cach other in both faces of
j’" wall. Using vertical grooves at ahout 6 feet on centers and praviding vertical and hori-
i zontal grooves at extensions of keoads, jambs and =£1lls of openings will increaze the num-
% i ber of smaller oracks and channel them within the grooves. Wider spacing of grooves
3 fespenses the chance of eracks being smeller and occurring within the grooves.
i
e

i Inspoction of existing by ildings revealed that conerets walla whose surfaces wers

; i cazted with oil pairs eracked less thao these having only 2 cement wash. The vinyl

H paints that hreathe are best for this purpose. The least crecking was noticed In huild-

i ings whare walls were covered with stucco, and particularly in those whick were painted

i in addition. Thus, proiection ol the surfaces of conczete from rapid moisture changes
, will decrease {13 cracking tendency.

i

Precast concrete members, such as wall panels, precast slabs, precast frames
shoiild mot be jolned too soou. If a waiting period of abous 3 wesks or tmore iz allowes
for drying, rouch cracking will be eliminated. When a scries of precast elements are
smrerccnnectad, or coanecied to stes] columns, the detail2 of the connectiors should
alow for movemenls die to shrinkage and remperaturs changes. A genarous use of
rhigkal, or equal, i3 recommended at all exposed [oints.

Shortening of & reinforced concrers beam and slab due to shrinkage is resisted by
the reinforcing steel and by adjacen: members. When the reinforcing steel iz unsym-
merrical with respect to the center of gravity of the cross-section warping takes place.
An infroduction of compressive stesl will reduce the werping due to shrinkage appre-
¢iably, partlculerly in cantllevers. The references 3, 15, 14, 17, 18, 19 and 20 glvs
methods of computing deflections due to shrinkage warping. : :

J since the ¢eflections due to creep and shrinkage are dependent on time, it 12 advis-
able to give consideration to controlling the time of inatallation of non-structural fragile

elements under or Over comcrets beams. For instance, a certain concrete beam may

iy deflect 0.23 In. immediately after removal of the shores, Eventually it will deflect an

H . additionzl #0.30 in. due ta croepand shrinkage® .  However, about half of the abave

;-[:._ added deflection w'll take place " during - the first three fnonths after removal of e

! shores® . Thus only 0.25 in. of deflection will be lefr to hurt the nan-strucwral fragile
elemsnts, if thoy are installed thres months sfter removal of the shoras’.




Wil - COMSTRUCTION METHODS TN FIELD

sewi oy anforcement of good standards of congrruction 1 the feld, such ag mixing,
cooling, placing, conaolidating, curing, ete., will reduce drying shrinkage of concrete
in the stTuctare.

Conerete which is allowed to dry immeadiately 2fer it ig plzced is unly B0 porcent
as arromy at € months 83 CONCTRLE whicl has been cured for 14 davas before being ex-
poged to dry air. When properly cured, concrete develops tensite strength and resists
cracking. Tn general, (he ultimate sarinkage of conercte is not redaced by tae prolonged
curing, but the number of cracks iz appreciably reduced due to the nigher t=nsile
gtrength of concrets as a result of additional curing. Wall forms should te kepl i plece
for af lmast 10 days and De continuously moist ineluding Saturdays and Sundays, 1fa con-
evete wall 1z allowed ro dry rapidly it will be wenk ‘n tension with the result ol ore
extensive cracking. Concrete floor slabs should ha cured by covering thern with curing
paver and keot wet for at least 10 days. The zbilicy of sprayed curing liquids to cure
conorate siowc be capefully investipated before being used. The apraved layer shoald
not te foo thin. Curine of concrets is gencrally inaderuate and very often 1s applied too
late to be of henefis. 1t should begin as seon as the siab haz stiffened ercugh 1o support

the paper. Curing procedures should be strictly enforced if one wants 0 minimize the
nurcber of ¢racks in the structure.

Hot wesather requircs special attention in the manufacture, plroemrens and curing
nf conerers =S . The temperature of cquipment aad all ingredienrs shaisld he mainained
at such a level that the temperators of the concrate at the forms is not aver 7395, Ade-
quate personnel, both as to number and skill, arve nececsary. Delays in placement
contribure to slump losz and lead too often to the use of zdditional water in thafield wo

. offset this loss. This practice ghould be avoided.

Harmiu] effects of additional water are bwo-foud: it lncreases the shrinkage by
ahout 10 to 13 percent ard it dz2creases the tengite strengih of concrere which is needad
o resist cracking due to shrinkage. '

Hot weathcr also leads wo the so-called plastic shrinkage cracks. The plastic
shrinkage cracks are the result ol very rapid evaporation of water from the suriace of
concrete whils it 1s still plastic andvery weak. The severity of plastic cracking depends
upon the rate of eveporation of waleT, which i turn depends upon tempersture, relative
hurnidiiy and wind velocity. Under aversge conditinns and mild wind, as much as 1/8
Ih. of water per aq. ft. of surface per hour could evaporate, For exireme conditlons
{36° ¥, drv, high windthe loss of water chserved was 3/4 tb. por 86. fr. of surface per
hour?:, The disappearance of the sheen from the surface of cercrefe indicares thag
the evaporation at the surface is faster than the rate of rising water. Ar rhat moamene the
plastic shrinkage cracks will begin 1o occur.

Flastic shrinkage cracking can be eliminated by providing proper humnidity envir-
onmenc uslng a fog mist. The fog miat should be staried afrer first floating of the can-

crete and continued until curing paper is appl’ed to the slab. Concrete poured lats in
\ the afterncan with a felling temperature will have less plaatic shrinkage cracking.
i

_ Cracking, checking and crazing of concrete floor slabs often result from tmproper
finishing operations. The concrete slzb is "manipulzted w dearh.” This procedure
brings the fast shrinking fines and water upwards, thus making the zop layer of the slab
weak in tension. Davis and Trc;ux_e_l_l_"”__:‘ investipated the floor lab of 4 government build-
inz . Measuremaones showed that drying shrinkage of the top inch of the flaor was approx-

imately five times 29 great a2 that of the'bottom jnch. Overrroweling or o early trowl-
ing should no: be allowed. '
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VIl - CUMULATIVE EFFECT OF ADVERSE FACTORS ON SHRINKAGE

The cumularive effect of sdverse factors on ghrinkage of concrete due to the ge-
partare from the use of best materials and workmanship is alarming. The ghrinkagc
may increaze as much 83 500 percent of normal? . Cormbinstion of such unfaverahle
factors ag addition of water in the field necessitared by the hlgh temperdaidte of concrete
ar discharge and prolonged haul in ransic mixers, using large slump, using 3/4 ir.
raximum size of eggregate  instead of 13 in. may jicrease the shrinkage to about 160
pezcent af normal. The remaining increase of 340 percoit may ve due to lack of control
of auality of constiruent wmaterials, such as use of cement o relative v high shrinkaga
charscteriztics, allowing excossive “dirt” in pgoregale, use of weak compressible ag-
gresates ard use of unfavorable chemical AdmixiuTes.

~ne above shows that a concrate of Mininnim shrlnkage reauires all around con-
trali pIopEeT materials, proper design of mix, PICper mixing and  TdRspOILING. and
proper placing and curing.

The concrere usuzlly is one of the firat items mand factur=d and placed neo =
structure. Almaost itvariably at the outset haste develogs. Tie General Contractar 13
primarily interested in placing concrete ag fast as nossinle and getting the other trades
into the builkling . [n some cases he has to do this becauge the conlract documen:s £o na
provide ample time. The time often is so Hmired thar the Lonfracor Must ros500t T
doubtful expedients to get the work our. fm account of haste, {requently, the wcll-inten-
ticmed project specifications are relaxed and the Tnan responsible for enforcemsat muss
comply @acitly and accept the change as inevitahle.

Haste is evident on many jobs:

1. There is a tendeney to overload transit mixers in grder to gst a3 much con-

crets to the job £s fast as possible, sush that the concrete is imoroperly mixed before
It iz placed.

9. Sometimes coacrete delivered to the job is so stilf that water 13 added india-
criminately to remedy the situation.

8. The placing (pouring) schedule is rushed such that the vertical lifts ere too
high amd inadequate time lag is allowed between the nlacement of successive Hits.

4. There is a tendency to use undesirzble gloppy wet mixes. Contrets ingredi-
ents are flyving instead of flowing, resulting in 2 separation of larger aggregates from
concrete, Low slump, drier mixes, producing betier concrele, are not favored becauss
1t takes more personncl and extra effort to comsolidate such concrete thoroughly.

5. Oonerete is often placed under adverss wearber condicions of temperatire,
humidity and wind.

6. The advantage of modern vibrators is not fully utitized. The batch is terely
flartened and not properly conselidated. Ilack of current is freguenily responsible for
improper coasolidation of concrste.

¥ . Curing operationa arc de=layed and nat carried out to completion, ot are elim-
inated entirely.

‘8. The weight of subsequent” poiTe s’ imposed upon ricently cast "green’ £on-
crere, which resists the load but deflects and sags ‘excessively. The excessive defl=c-
tions are often blamed on shrinkage and cresp, and poor design: I



.

B = A © i Thnd

0. Slump is a rough meazore of the degree uf wemass of conerete. Oitan SlUTTE
reste gre omitted, even where specifications require them.

‘Conerete of good shrinkage characterigiics requires careful siep by srep unhur-
ried namcllng. Strict control of cemerering OpeTrations ang temperature is pgaential.
Good drawings and apecifications have 0o mesring, viless they are enforcec. Int: in-
spection by corrpetint per sonmel shoald be such as to allow and insure enforcemnent.

The quality of all ingredierts of 6 coneTets ik, to satisfy the chosa shrinksge
requirements of & projedt, can e controlled by making a trial batch iz mix uzing the
proposed cement, aggregale aad admixture, if any. & setof drying shriniage speci-
mens can ke preparcd end tested 1na epacizl room in & laboratery. Many testing lab-
aratories in California are eguippes to perform this service.

[ - CONCLUSION

consideracion of shrinkage and cresp ¢ar oo Ionger be comsicersd as negligible. A= is
shown i1 :he preceding discussion, considersrion o the concrere’ s strength elone is na
longer a sufficisnt measure of perviceability. This docs noi imply that concrete 18 nat
a sapisfactory material, bur rather, poinis up the increased responsibilty of the engie-
ear and ¢ontractdr.

Now that designz of concrete systems urilize long, glengdar, 2nd ghallow slements,

ln arder to properly consider shrinkage =nd cresp, the enginser nesds mors kol -
edge of the shrinxage arc creep properiies of conerets, puriicularly as regards local
mmaterials. The Committes, therefore, recomrmends thal concrete producers initiave
sveps toward rsscarch on tirne-dependent shrinkage and creep properties of concrete

made with local magsrials and om the efiec: these CrOpeTLieEs have Upon Concrets in
service.

ST,
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AFPENDIR 1
WMPLE SPECIFICATIONS
For Myrinkage

. {aWPrior to placing any Cconcrets, a trial bazch of each mix design of fiructoral
conerese %hall be prepared using the aggregates, cement and pdmizture, gL any, pro-
poced for (Mg project. From each trial batch at least three {3} specimens jBr determin-
ing the "DMgng Shrinkage® shall be prepared in addition to six {8} cgf preassion test
spocimens. : .

b} The "Mging Shrinkage” specimens shall be 4 by £ by 1Jfin. prisms, fabri-
cated, cured, drid¢ snd measured In the manner gutlined in Afs.T.M. Dasignacion
C 137-64T. Measurmgeniz shall be made and veporred separatghy for 7, 14, 21 and 28
days of drying after 7 8gys of moist curing. The efect.ve gagy ength of the specimens
stnll be ten {16} inches. '

Compression test sphgimens ghall be fabricated, ed and t=sted in accotdance
with A.5.T.M. Designation (4192-53. Three (3} specimfns shall be tcated at an age of
7 days and cazee (3) a- the age N 28 davs.

{z) During construction "EAYIng Shrinkage'' ghecimens of each class of concrete
will be taken to insnte conkinded codgpliance withfese specifications. At least one (1)
ser of three {3) specimens will be talyp from eggn 1000 cubic yards of concrete placed,
But in oo cose leaz raan three {(3) sets Ofspecigfens will be tzken for the projsct. Com-
pression test specimans will be takerNTrog ihe same concrete as vscd for preparing
“Drying Sarinksge” specimens. These coigfression test specimens shall be ¢onaiderad
as part of the sormal requiremants for wegfin counection with this project.

(dy Tue average "Lrying Shrinkagf ' of thaast specimens after 28 days*)of drying
chall nar excesd (0.032%%) percent.fConzideritl he variations in concrete properiies
£nd intesting, a tolerance of 15 perghnl In the abuviyfigure will be sllowed.

Metes to specificatiogfwriter:
®y If 21 days dr ng is specified vse 83% of Be above values.
%%y The figug® ol 0.032 percent = 320 milliontl to be vsed if

Claze corcrere is degred. Tor Class B¥Wpucrete the

figireffls 0.048 perceni. Fer Clazs C concretchghe figure
iz D64 percent.

The shrinksde limications of concrete need not apoly to foundatdgns (helow grade).

It is pgyfaible w require "Drying Shrinkage” teat specimens of Oyly one class of
concrere wigh smallest maximem size aggregare, provided that the samey aterials and
abaut the agfe or less water pet cubic vard 1s used in other classes of conggete.

For gfoanliness of Aggregate

All aggregate shall have a minimum C.V. (cleanliness value) and 5. E. (=%ad

” wivalen:) of not less than 75, Threo (3} zamples shell be tested in each case and shiN
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. of the results of the individual westa will be
ves shall be maiitained throughcus the course
n therefrom will e cause faor rejection of such
hall congorm to Test Method No. Calif. 217E

-cedures - Materials and Ressarch Depart-
rnial.

b taken fromm weigh hopper.
the accepred valie in each case. Thes
of the work and any indicated devia
matarial, pending additional tests.
¢yarerials Manual, Testing and Co _
ment, State of California, Sacramefto, ali

SEE GUIDELIMNES
I
SUPPLEMENTARY REPORT

PAGE 3
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APPENDIX 1I

CHRINKAGE TEST DATA FORYONCRETES USED ON SOME JROJECTS IN CALIFARNIA

-day shrinkage for cofforete specimens rested in pri-
aries under savirgfment of approximately 70° F.and

Fig.l shows a plot of the 3
vate asd State of California labo
ROF relative mumidicy .

The tests were condocted for Wonerstes actually specified for various projects
during the years 1960 thra 1565 . - Diti=X Fon-g were pead (Calaveras, Ideal, Per-

manente, Sznta Cruz) in combinations withy agi

frogares from verions sources. Maximum
wive of aggregates varied from 3/4 w L iV erios admirsures {ard no admixtures)
were used. i

icd {2 by Nn., 4oy 4in., 3 by 6 in., etc.}. The
#rerc convert®d to & by 4 in. specimen.

The sizes of test specimens v
values o shrinkage ploted in Fig.

Feor this series of tesis Uy
apecimens (gbost 53% of th
lionths for Class A" concsy
menis of 480 + 133 480
(abant 99 of the total) o
"CV poncrete.

#£ total nurnber of spedignens was 114 .1c 1s seen that 115
# toral} met the requirenats of 320 + 15% 320 = 368 mii-
&, 185 apecimens (about BA% of the total) met the roquire-
=2 millionths for Class "B” ¥goncreie; and 212 specime:s
 the requircments of 640 +19% 628= 730 millicnths for Class
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