
126 CRACKING IN CONCRETE 

the hotter part of the day, or the hotter months of the year, to n full 

treatment of refrigerating the various parts of the concrete mix to 

obtain a predctennined, maximum concrete-placing tcmpcmture. Be­

tween these extremes, evaporative cooling of aggregate stockpiles has 

been used with some degree of success, but is restricted to areas where 

the relative humidity is low. Heplaccmcnt of a portion of the mix water 

with icc has been of definite benefit. Insulating and/or painting the 

surfaces of the batch plant, waterlines, etc., with reflective paint has 

proved beneficial. 

From these partial treatnwnts havt• developed complete precooling 

trt•atnwnts which include n•ducing tlw tt•mpt•mhtre of the mix water 

to appmximatt•ly 32 dt•g F; replacing a portion of the mix water 

with icc; n•ducing the temperature of tlw coarse aggregatt!S to 35 to 

40 deg F, l'itlwr by inundating the nggt·t•gatt•s in cold-water tanks 01' 

by wetting the aggregates with cold-water sprays and then subjecting 

the wetted aggregates to cold-air jets; and of cooling the sand, either 

by cold-ah· blasts as the sand is transported over the conveyor belts 01' 

by passing the sand thmugh hollow tubes inundated in refrigerated 

water. Treatments which reduce the temperature of the cement have 

not been too successful. The most that can g<•twmlly he hopt!d is that 

it will lose a sizeable portion of its cxct•ss lwat during shipment to the 

sitt• 01' in storage at the site prior to use. 

Usc of tlwsc treatments has resulted in concrete placing temperatures 

of not ov<'t' 50 deg F in a number of instances. Concrete placing tempem­

tures consist<•ntly lowet• than 50 deg F have been obtaitwd, but wew 

achicVl'd principally hy placing during the colder months of the ycm·. 

Fm planning pmposcs, the tempPrature of the concrete at the mix plant 

should be 3 to 4 dl'g lowt•t• than the dt•sirl'd t<•mpemtum wlwn placed 

in the forms. This will for tht• lwnt dewlopt•d und nhsorlwd 

by the concn•te duriug mixing ami tmnsporting. 

Minimizing temperature rise 

The second method for controlling the l<•mJWl'llhll'e dmp In concrete 

is to minimize the temperahu·e rise in the concwtc immediately nftet· 

plact•nwnt. Jl.·h•asm·<$ uspd to minimize the tempcratme rise may lw 

employed alone 01' in conjunction with precooling measures, depending 

upon the degree of tempcrahtn• control dt•sired. A number of dill'erent 

mt•asures may he usPd, the mon• common of which are: (a) the use 

of embedded pipe eoils for artificially cooling the concrPte; (h) rt•ducing 

the ct•nwnt coul<•ut; (e) SJll'l'ifying a t•t•uwnt whidt has n low lwnt­

\ll'm\ul'ing chamch•t·istic; (d) usP of pozzolnn; ( <') uso of rl'ltll'tling 

1\J.(ent; (f) water cmlng, and (g) utilizing eonstrnction lifts to fit !ht• 

site conditions. 
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l'islng nguln. This pnrt of the tcmpcrnturc history Is prlmnrily 

upon the thickness of section nnd the exposure temperatures occurring 

nt the time. Any continued hent of hydration at this age would be 

of secondnry impOI'tnncc. Subsequent to the initinl cooling period nnd 

the no-cooling period, intermcdiute nnd finnl cooling tWriods nrc em· 

ployed to obtain dl•sircd tmnpemtur(! distl'ibutions or tmnpera­

turcs prior to contraction joint grouting. The intermediate cooling 

periods arc nctually a part of final cooling. They arc used as a separate 

cooling opemtion, however, to reduce the vertical temperature gradients 

which occm between concrete which has already undergone final 

cooling and concn•te which has not been cooled. 

METHODS OF TEMPERATURE CONTROL 

\Vhen concrete construction is not located in an area where 
the ideal condition can be attained, measures for the prevention of 
hnnperntum cracking arc genemlly those which minimize the tempera­

ture drop. This is accomplished by lowering the placing temperature 

of the concrl'tl', by minimizing the tcmpl'J'ature rise after placement, 

m· a combination of the two methods. 

Ideal condition 

· Basically, the ideal tempemtum condition would be to simply elimi­

nate any h•mperature drop. l'vlost methods for the of tcm­

twrature cracking in mass concrete are directl•d toward approaching 
as close to this ideal condition as practicable. The degn•e of success, 

howl'Vcr, is rl'latl'd to site conditions, economics, nnd design stresses 

in the struchn;e. This could he achieved by placing concrete at such 

a low tempcrah•n• that, when combined with the rise due to hydration 
of the cement, would result in the temperature of the concrete rising 

to its stnblc state temperatme. Such a condition would he possible 

where the stable state would be high, as in southcm Asia 
or castcm Africa where mean annual air temperatures arc as high as 
88 dcg F, hut pwsent a rather impractical means in the northcm part 
of the Unitl'll States where mean annual air tmnperatures arc in the 
mid 30's. In the southern part of the Unitl•d States, the ideal condition 
could be approached hy appmpl'iate tl•mperatme control methods since 

the mean annual air temperatures in some of these areas arc in the 
low 70's. 

Precooling measures 

Hcduction in the placing temperature which would otherwise he 
obtained at a site has varied from restricting concrete placement during 
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Figure 7-4 Artificial cooling of concrete-effect of coil length 
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Figure 7-5 Artificial cooling of concrete-effect of horizontal spacing 

vnrylng from 2" f('et on tlw I'Ock foundation to 6 f<!Ct on tops of 7"·foot 

lifts have been used. The tcmpcmturc of the cooling water has vnrlcd 

from u brine at about 30 deg F to rive•· water as high as 75 d('g F. 

Varying the size of the t•mbt•dd<•d pipe and varying the •·ate of How 

through tlw pipe will all't•ct tlw cooling wsults but nrc uneconomical 

me1ms as compared to the otht•r variables. For pmcticnl purposes, l-in. 

outside-diameter pipt• carrying about 4 gallons per minute is used. 

Cement content 

Structures within the geneml terminology of mass concrete structmes 

have the advantage over the ordinary size concrete stmctures in that 

tlwy require lesser amounts of cement. Since the heat gcncmtcd within 

the concrete is directly proportional to the amount of cement, the mix 

s<'lected should he that mix which will pmvidc the rcquiwd strength 

and durability with the lowest cement content. Whereas the ceaumt 

contt•nt in the earlier mass concrete structmes was fl'llm four to six 

sat·ks of c<•nwnt JWI' cubic ynrd, PI'<'SPilt-day stl'llciUI'I'S haV<! contahwd 
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Artificial cooling 

Artificially cooling the concrete by circulating cold water through 
t•mheddcd cooling coils placed in a grid-like pattern on the top of each 
constmction lift will materially control the peak temperature of the 
concrete. These embedded coils will not prevent a temperature rise 
in the concrete because of the high rate of heat development in the 
concrete during the first few days after placement and the relatively 
low conductivity of the concrete. The design of the artificial cooling 

. system requires a study of each structure, its environment, and the 
maximum and minimum temperatures which nrc acceptable from the 
standpoint of crack control. Varying the length of each embedded coil, 
the spacing of tlw pipe both horizontally and wrtically, ami the tl·m­
IWratmc of the water circulated through the coil arc effective means 
of varying the cooling operation to obtain the desired results. Figures 
7-3, 7-4, and 7-5 show how three of tlwse variabk•s affect the concrete 
tPlllPl'l'atmes. These studies were made using four sitcks of Type II 
l'l'ment pe•· cubic yard, a diffusivity of 0.050 a flow of 4 gallons 
per minute through l-inch outside-diameter pipe, 5-foot placement lifts, 
and assumed a 3-day exposure of each lift. Figures 7-4 and 7-5 were 
derived using the adiabatic temrwratmc rise shown in Figure 7-3. In 
general, cooling coil lengths of 800 to 12(Kl fl•d arc satisfactory. Spacing 
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Figure 7-3 Artificial cooling of concrete-effect of cooling water temperature 
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ns low ns two sacks of cement plus other cementing materials. In thin 

arch stmctures, dumbility of the concrete nlso has to he considered, 

and the required plus· desired durnhility may require three 

to four sacks of cement. 

Type of cement 

The heat-producing chamcteristics of cement play an important role 
in the amount of tmnpm·aturc rise in concrete. Although cements nrc 

classified by type as Type I, Type II, etc., the heat generation within 

each type may vary widely. Federal Specification SS-C-W2 for portland 
cement does not within what limits the heat of hydration shall 

he for each type of cement. This spl•cification places maximum per­

centages on the CaA compound of the cPmcnt and, for Types II and V 

cement, on .the CaA plus C:1S content. It furtlwr 1wrmits the purchaser 

to specifically request maximum heat of hydmtion requiremmts of 70 
to HO calories pl'l' at 7 and 2H days, rt•spPctiwly, for Type II 

CPnwnt; and 00 to 70 caloril'S pPr at 7 and 28 days, re­
spPctiwly, for Type IV cenwnt. tlw clwn'lieal composition 

of scvPml Cl'mcnts, the cPment with the lowt•st heat gcnl'rntion can he 

selected since the CaA and CaS compounds in the C(•ment primarily 

determine the amount of heat of hydration in the CPnwnt. A numher 

of Type I (standard) cmwnts from tlw California an•a achmlly nwet 

· m· exc<•Pd any invok<•d Fedt•ral sp<•cification lwat of hydration n•quirc­

ments for Type II cpnwnt. Ikfore any prPmimn for a Type II 

Cl'nwnt, Type I Cl'ments in the an•a of supply should he 
to s<•e if tlwy are close to m· equal to Type II CPmt•nts in C:1A and CaS 
composition. For t<•mpl'l'lltlll'e control stmli<•s, laboratory tl'sts should 
he made to dct<•rminc tlw actual heat of hydration developed by the · 

particular C<'m<•nt to he USl'll. 

Pozzolans 

nrc used in concrete for seveml rt•asons, one of which is to 
obtain a lower total heat of hydration from the c<•menting materials 

within tlw mix. The mm·e common us<•d in concn•t<• include 
calehwd clays, diatomaceous <•nrth, volcanic tuffs nnd pumicitt•s, and 
fly ash. develop lwat of hydmtion in the same gem•ral manner 
as C(•mPnt, hut nt a much lower rate. As with cements, the hcat­

dev(•loping chamcteristics of vary widely and should he 

dct<•rmhwd hy ·laboratory tests. Fm· pmposes, it can he esti­
mat<•d that the heat of hydmtion of will contribute about 

50 percent of what would have been developPd by an equal amount 
of c<•nwnt. 7-0 shows how some vary in heat-gpm•rating 
chamch••·istics, not only as to total amount hut at dill'<•n•nt rah•s at 
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""IX No'!' CEMENT POZZOLAN 

1 2B21bsTypen None 
_L_ 19_51bs.Type D Diatomaceous earth 

3 1951bsTvpeD 84lbs.Fivash 

1 1 •Monticello Oom 1 

AGE·DAYS 

Figure 7-6 Temperature effects of pozzolans in concrete 

different nges. These dntn were obtained on mixes pl't•pm·ed In tho 

lnborntory for l'"lonticello Dam. Fm· example, this particular diatomaceous 

('ltrth usvd ns 11 po;,;,olan gt•m••·atc•d 11 smallt•r amount of heat during 

tlw fWI'f()(l 1 dny to 4 days than fly ash. Aft<•r ago 4 days, hoW(!Vl'l', 

the fly nsh g(•Jwrnted lwnt nt 11 loWl'l' ratt•, The 2 sacks of cement to 1 
snt·k of po;,;,olnn shown on Figm'<' 7 .(j Ill'<' t•ommonly ust•d in mm;ll 

l'Ont•J'<'t<' mix<•s, 

Retarding agents 

1\(•tarding agents added to the concrete mix will provide 11 tempera­

ture hendit when used in conjunction with pipe cooling, If pipe cooling 

is not used, little if any tt•mperature benefit is achieved because the 

overall lwat dewlopment of the mix will he nhout the same whethe1· 

the n•tardt•r is ust•d m· not. The retarding agents reduce the early mte 

of lwat gl'neration of the cement so that the total heat genemted during 
the first 2 to 3 days will he 2 deg, perhaps up to 3 deg, lower than 11 

similar mix without retarder. Since it takes about 2 days after the start 

of artificial cooling for tlw temp!'l'atun• gradient between the concrt•tll 

and the individual cooling pipe to he fully dewloped, pt•nk temp!'l'a· 
tmes can he rl'duced about 2 deg lwcause tlw l'mhedded cooling pipes 

will remow the heat of hydration ns fast as it is developed after this 

time. The actual benefit varies with the type ami amount of retanlm· 

used. Figure 7-7 shows the etr!'ct of retarders on the adiabatic tempem­
ture rise of Flaming Gorge and Glen Canyon Dam mixes .. Most retanll•rs 

used for this purpose are adipic acid of val'ious salts of lignosulfonic 
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Figure 7-7 Temperature effects of retarders in concrete 
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ncld. The percentnge of n!ttll'(ler by wt•ight of cPnwnt Is generally about 

0.37 percent. Pm·centnges huger than this will give added temperature 
benefit but can create construction problems such ns delay in form 
removal, stn•ngth of form ties required, £•te. 

Water curing 

Wntm· cming on the top and sidt•s of each construction lift will aid 
In reducing tlw tmnperature riSl! In concn•te, particularly If the exposure 

conditions nt the site tll'(l high and curing watt•r temperatures nrc rela­
tively low. ·Two effects nre obtained hy \Vater curing, both of which 

accrue to the lower surface temperature. The first is to reduce the 
nbsOI'bing of heat from outside the lift during the early age when 

t•xposure temperatures arc higher than the interior temperatures. The 
second efFect is to increase the loss of heat from the interior to the 

surfaces when the concrete tcmpernhn'£'s arc higher than the exposure 

temperatures. Figure 7-8 shows the n•sults of Glen Canyon Dam studies 
on the effect of lowering the smfnce temperature hy water curing. In 
this particular study, concrete was to he placed in 7li-foot lifts at 

50 dPg F, and daily exposure tPmpPratures n•sulting from wat£•r curing 
were ass1mwd to vary from 80 to 00 dt•g F in one instance and from 
70 to· 80 dt•g. F in the other. To obtain the most tt•mperature bt•neflt, 
the smfut·Ps should lw kPpt eonstantly and not tWriodieally Wl'ttt•d. 
PropPr npplicntion of water to the smfaees will cause the 
tmnpPmtut'll to npproximate tlw curing watt•t· tt·mpt•raturc instead of 
the prevailing air temperatures. In areas of low humidity, the evaporative 
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Figure 7-B Influence of exposure temperatures 

coollng mny n•stllt in <'Vl'n low<'r surfnce t<•mpemturcs thnn tlw 

curing wnter h•mp<•rntun•. 

Construction lifts 

Shallow plact>nwnt lifts will normally permit 11 grcah•r pcrcmtnge of 

the total lwat gPncratt•d in a placement lift to he lost to the smfncc. 

Such a tempt'raturc lwneflt exists only if the exposmc tempt•ratures 

arc lowt•r thnn the concrete temp<•ratme. For this condition, the longer 

the <h•lay l><'tw<'t'll lifts the gn•ater the heat loss. Where precooling is 

ust'd, the opposite Pll'cct is often the case, nml the <•xposed lift 
will ahsorh lwat from tlw sunoumling air. In this cnse, exposures should 

he lwld to a minimum. Unless the site conditions are such that a size­

ahlt• hent>flt is ohtaitwd, shallow placement lifts are seldom ust'd except 

OV<'r construction joints which hav<' expel'i<•nced prolonged exposure 

periods, or owr foundation irn·gularities where they arc beneficial in 

prewnting sdtlPnH'nt cracks. 

RATE OF TEMPERATURE DROP 

In nddition to pn•cooling nwasun·s and nwasmt>s employed to mmt· 

mize the t<'m!WI'IItun• l'isl' afh•r plm·<'IIH'Ilt, oth<·r IIH'nns nt·c nvnilnhl<• to 

l<•sst•n the templ'l'ature stress<'s and the n•stlltaitt tendency to crack in 

mass concrete. 011e of tlwse is to control th<• rate of tempemturc drop. · 

Another is the time wlwn ·this l<'mpt>t'atun! drop occurs. Tempentturc 

stn•ss<•s dew•lopPd in mass concrd<· are related to these factors. Figures 

7-H, 7-10, and 7-11 show tlw d<•wlopnwnt of stresses for a 1 dcg F 

tempemhm• drop per day for a 1wriod of ·lO days, starting at various 

ag<'s. Tlw stn•ss values shown arc the maximum uniaxial stn•sses asslllll· 

ing 50 pPrcent foundation restraint, and need to he further modified 
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to tnko Into consldtwntlon tho foundntlon mmluh1H, Er 1111 dt,scrlht•tl 
vm·llm·, 

In thick svctions with no nrtlflcinl cooling, tho tempernture drop will 
nm·mnlly be slow enough ns to be no pmblcm. In thin sections with 
artificial cooling, however, the temperntmc drop may have to be con­

trolled. This c.·an lw nccomplishcd by reducing the amount of cooling 
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Figure 7-9 Temperatur.e stresses for a one-degree daily temperature drop-
4-day age of loading 
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Figure 7-10 Temperature stresses for a one-degree daily temperature drop 
-30-day age of loading . 
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Figure 7-11 Temperature stresses for a one-degree daily temperature drop 
-180-day age of loading 

watt•r circulated m· hy contmlling the cooling water temperahu·e. The 

opc•ration of the cooling systems and the layout of the header systems 

to supply the individual cooling coils should he such that each coil 

can he OJll'ratcd indPJWndently of all other coils. No-cooling periods 

should also he utilized where necessary. In thin sections where· no 

artificial cooling is c•mployed, the t<•mperature drop dming periods 

of cold wc•ather should he controlled hy the usc of insulating forms 

or insulation placPd on the exposc•d surfaces. Such measurc•s not only 

rPduce tlw rat<· of change, hut also reduce the temperatme 

1war the surface with a definite reduction in cracking tendl'llcy. 

SURFACE TREATMENTS 

Because most cracks start at an exposed surface, temperature eracks 

in mass concrPte can he minimizc•d if conditions are established which 

will n•duce m· i.•liminatl' tl'nsile strl'SSl'S at tlwse surfncl's. Such con­

ditions may he npproaclwd hy causing tlw surface of the concr<'te 

to s<•t t.; .. a rl'lativPiy cool t<•mlwratun• us compared to the intemul 

h•mperature. Lat<•r, as the int<'mal tc•mperahm•s dmp, the smface is 

put into eompl'l'ssion which will l'lfc•ctivl'ly reduce tc•mperature cracks. 

This will Ill' l'SJWcially pffl'ctivc• on thc• lmw•r massiVl' Sl'l'tions. Causing 

the smfa<·c•s to Sl't at a rl'lativPiy cool 1Pm1wrature is of small lwlwfit 
in thin stmctuJ'l'S w)J('re very little, if any, load transfer effl'ct is obtained. 

Surface cooling can be aceomplislwd hy closely spaced embedded 
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