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I NTRODUCrrON 

This report presents the results of a stuOY of shriDkage and 

cracking characteristics of concretes containing materials the • .me 

a. those used in the construction of the Engineering Building ou 

the San Jose State College campus. These studies were carried out 

in the Engineering Materials Laboratory of ~he University of 

California, BerkeleY9 Califoruia 9 during the period of April to 

July 1961. 

The purpose of these studies was to determine the relative 

magnitudes of shrinkage and of cracking tendency of concrete mixes 

made with Sunol aggregates as compared with the results obtained 

on concretes made with Fair Oaks aggregates. Altogether eight 

laboratory-mixed concretes and four job-mixed concretes were 

evaluated. They had a cement content of either 6 or 6\ BCy 

and a slump ranging from \ in.) to 1% in. With the exception of 

two job-mixed concretes which contained l\~in. maximum-size 

aggregate, all other concretes were made with 3/4-in. maxtmum-size 

aggregate. 

CONCRETE MATERW.S AND MIXES 

Portland Cement 

The portland cement used in this investigation was Calaveras 

Type II cement, the same brand and type as that used for the 

concrete of the Engineering Building. 

The chemical analysis of this cement is given in Table 1 . 

•
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Aggregates 

Two types of aggregates were used in these tests: (1) Suao1, 

supplied by the eoncrete Services Company of San Jose, which was 

used in construction of the Engineering Building, sad (2) Fair Oaks, 

supplied by Pacific Cement and Aggregates of San Francisco. 

Physical Properties.--The physical properties of the aggregates 

are given in Table 2. 

The fineness modulus of SURol sand was 3.46, aad of Fair Oaks 

sand 2.860 Their absorption capacity was 203 and 1.9 percent 

respectively. The specific gravity of both sands was 2.64. The 

3/4-inch maximum-size Sunol aggregate had a specific gravity of 

2.67; the corresponding size of Fair Oaks had a specific gravity 

of 2.79. 

The Sand Equivalent for the Sunol saud was only 57, whereas 

that for the Fair Oaks sand was 80. State specifications require 

that the Sand Equivalent value be not less than 75. Both of the 

coarse aggregates met the minUnum required Cleanness Value of 75. 

Petrographic AnalysesQ--The petrographic analyses of the 

aggregates as reported in Corps of Engineers p U.S.A. Technical 

Memorandum No. 6-370, "Test Data Concrete Aggregates in Continental 

United States", are summarized as follows: 

The Sunol coarse aggregate consists of two types of saadstoRe, 

a bluish-gray, composed of feldspar and quartz v and a tan with 

flat .bedding planes. There are also traces of veia quartz aad 

altered aRdesiteo 

The Sunol sand consists of quartz n biotiteD maguetite, 
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amphibole, pyroxene, antigorite, and glaucophane. 

The Fair Oaks gravel consists of basic igneous rocks (24~), 

basic metaigneous rocks (421), andesite (141), sandstone (111), 

quartzite (51), slate (21), vein quartz, chert, and schist (10.). 

The Fair oaks sand is composed predaninantly of quartz and 

feldspar, plus minor amounts of all the rock types found in the 

gravel, and minor amounts of hornblende and biotite. 

CaQcrete Mixes 

The mix proportions for the three basic concrete mixes 

evaluated in this investigation are given in Table 3. Mix 

proportions of concretes employed in this investigation were 

similar to those used in the construction of the Engineering 

Building. 

Eight of the concretes were batched and mixed in the labora­

tory. As shown in Table 4, four of these had a cement content of 

6 scy (Mixes 1 to 4) and the other four had a cement content of 

6~ scy (Mixes 5 to 8). Of these two groups of concrete mixes, 

three contained Sunol and one contained Fair Oaks aggregate. 

The maximum size of aggregate was 3/4 inch, and the sand-to­

aggregate ratio was 0.49 by weight. 

Four additional concrete mixtures were taken from the truck 

mixers at the job site (Table 4). One of these had a cement 

content of 6 scy (Mix 9), and the other three had a cement content 

of 6~ scy (Mixes 10 to 12). Two of these mixes (Mixes 11 and 12) 

contained l~-in. maximum-size aggregate. All job-mixed concretes 

were made with Sunol aggregates. 

Mixes 2 and 6, which had the low slumps of ~ and 2t in. 

respectively, had the same water content (50 lb. per sack of cement) 
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as that shown on the records for the job mixes. Since the 

specifications called for a maximum slump of 4 inches, the 

water-cement ratio of the other mixes was increased so as to 

produce a slump of 3 to 4 inches. Since frequently the job mixes 

had slumps as high as 7 inches, two of the laboratory mixes (Mixes 

4 and 8) were designed to simulate such mixes. The actual water 

contents of job mixes (Mixes 9 to 12) could not be determined, 

since no record was kept on the job as to the additional water 

added during retempering. 

Specifications for the Engineering Building required that 

the concrete have a minimum 28-day compressive strength of 3,000 

psi. 

MANUFACTURE OF SPECIMENS AND MEASUREMENTS 

Mixing of Concretes 

All laboratory concretes were mixed in a six-cubic-foot, pan-

type, Cumflow mixer. The aggregates and cement were placed in 

the mixer first, and were mixed together for half a minute. Water 

was added during the next full minute of mixing. The mixing was 

then continued for another three minutes. The concrete was then 

discharged into wheelbarrows and used for casting of specimens. 

oMixing and casting were done at 70 F. 

Tes t Specimens 

Shrinkage and crack-resistance spec~ens for concretes CDD­

taining 3/4~i~ maximum-size aggregates were cast in 3 by 3 by 

40-inch mold.. In order to produce the restraining effect for the 

crack-resistance bars, a steel rod of 3/4-inch diameter was 

secured in the mold longitudinally along the centerline of the 
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mold. A.shovn in Pig. 1, this steel rod was threaded at each 

end for a distance of 3 inches to provide anchorage. To prevent 

bond along the remaining 34-inch length, the bar was covered with 

a 1/8' inch-thick soft rubber tube. 

Por the job concretes containing l%-inch maxtmum-size 

aggregate, specimens for ~hrinkage tests only were manufactured. 

The size of these specimens was 4 7/8 by 6 by 16 in. 

All molds used for casting of shrinkage specimens had %-inch 

diameter brass plugs secured in the ends of the mold for embedment 

in the concrete4 These plugs projected %-i~ch out of the concrete 

specimens to permit length measurements. A similar %-inch projection 

was provided on the steel bars of the crack-resistance concrete 

specimens. 

Compressive-strength specimens were cast in 6 by 12-inch card­

board molds. 

Casting of Spec~ens 

In the laboratory, ~he molds for shrinkage and crack-resistance 

bars were filled in two successive l%-inch layers. A table vibrator 

was used for consolidation of the concrete. 1mmediate1y after cast­

ing, specimens were stored in the curing room. They were stripped 

after 24 hours, and remained in the curing room (70oF and 100 per­

cent relative humidity) until age of test. 

In the field, the concrete was placed in the molds and 

consolidation was accomplished by rodding and spading. Specimens 

were stored in shade and covered with wet canvas. The cauvas 

was kept wet by continuous sprinkling. At age one day these specimens 

were brought to the laboratory and stor~d, after removal of the molds, 
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in the curing room. 

Standard procedure was anployed for the casting of the 

6 by l2-in. compressive-strength spec~ens. 

Measurements 

After completion of the moist~curing period (7 or 14 days), 

initial measurements were taken on both the shrinkage aud crack-

resistance bars. The bars were then transferred to the drying 

room (700F and 50 percent relative humidity), where length measure-

menta were taken every 24 hours until a crack occurred in the 

crack-resistance bars. Shrinkage measurements were then continued, 

at weekly intervals, for three months. All measurements were made 

using a 40-inch horizontal extensometer. 

Shrinkage.-- The shrinkage, in millionths of an inch per 

inch of length, was computed by dividing the total change in 

length by the effective length (39 inches) of the concrete bar. 

Crack Resistance.-- The resistance of concrete to cracking is 

the tensile stress developed in the concrete due to restrained 

drying shrinkage (Fig. 1). Crack resistance of a concrete is 

evaluated on the bases of (1) tensile stress developed prior to 

formation of crack and (2) the drying period (in days) required to 

produce a crack. The tensile stress in the concrete was calculated 

from the observed length change of the steel bar, using the following 

equation: 

Ali:..4,L • Es • A:Sc:; -L- c 
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where: 

S~ =Average tensile stress in concrete, psi 

~L =Measured deformation of steel rod, in. 

L =Effective length of steel rod = 37 in. 
6

E : MOdulus of elasticity of steel rod: 30 x 10 psis
 

As =Area of steel rod. 0.442 sq. in.
 

,A : Net area of concrete bar =8.21 sq. in.
c 

Compressive Strength.-- Compressive-strength tests on 

6 by l2-in. cylinders were performed in accordance with ASTM 

Specification C39. Hydrostone was used for capping the endl of 

the cylinders. 

TEST RESULTS 

Properties of Concretes 

Properties of fresh concretes and compressive strengths 

at ages of 7 and 28 days are given in Table 4. 

Water Reguirement.-- The water requirement for concretes 

cantaining 3/4-in. maximum-size Sunol aggregates and having low 

to high slumps ranged from 6.0 to 7.0 gal/sk for the 6-scy mixes 

and 6.0 to 6.6 gal/sk for the 6i-scy mixes. The 6-scy mix made 

with 3/4-in. maximum-size Fair Oaks aggregate had a water 

requirement of 6.6 gal/sk and the 6\-scy mix 6.3 gal/sk. 

Water requirement of job mixes was not known since no 

record was kept of the additional water added to the truck mixers 

during retempering. 

Compressive Strength.-- Compressive strengths of concretes 

at ages of 7 and 28 days are shown in the last two columns of 

Table 4. Data given are the average of three cylinders per test 



8
 

condition. 

Except for one of the field concretes (Mix 12) all other 

mixes produced 28-day compressive strengths in excess of the 

specified 3000-psi mintmum. This job mix, containing 1.-in. 

maxtmum-size aggregate, had a 28-day strength of 2890 psi. 

The strengths of concretes containing Fair Oaks aggregates were 

somewhat lower than those of corresponding mixes containing Sunol 

aggregates. The reason for this is that the mix designs, which 

were based on those for Sunol aggregates, are not appropriate 

for concretes made with Fair Oaks aggregates. However, to remove 

the variable of mix proportions, the concretes containing Fair Oaks 

had the same mix designs as the corresponding Sunol mixes. It is 

to be expected that if appropriately deSigne~, a mix containing 

Fair Oaks aggregate would produce higher compressive strengths 

than would one made with Sunol aggregates. 

Shrinkage And Crack-Resistance 

Shrinkage and crack-resistance tests were made on concrete 

spectmens moist-cured for either 7 or 14 days prior to drying 

~t lOoF. and 50 percent relative humidity. 

Shrinkage.-- Shrinkage data for the 6-scy concretes containing 

3/4-in. maximum-size aggregate (Mixes 1 to 4 and 9) are given in 

Table 5 and Figure 2. Data for the corresponding 6%-scy concretes 

(Mixes 5 to 8 and 10).are given in Table 6 and Figure 3. The 

shrinkage data for the job-mixed concretes made with l%-in. maxtmum­

size Sunol aggregate (Mixes 11 and 12) are given in Table 7 and 

Fig. 4. 

A study of these data reveals that the concretes containing 
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Sunol aggregates after 21 days of drying had a shrinkage about 

70 to 90 percent larger than that of the concretes containing 

Fair Oaks aggregate. After 90 days of drying, the concretes 

containing Sunol agsregate had a shrinkage about 50 to 70 percent 

larger than that of the concretes containing Fair Oaks aggregate. 

For example, the shrinkage after 21 days of drying for the 6-scy 

concrete containing Fair Oaks aggregate, and moist-cured for 

7 days ~ix 1, Table 5 and Fig. 2) was 420 millionths (0.0420 per­

cent) as compared to 710 millionths (0.0710 percent) for the 

corresponding concrete containing Sunol aggregate: (Mix 3). 

It will be noted that the curing period (7 or 14 days) had 

only a small effect on the shrinkage of concretes. The shrinkage 

of concretes moist-cured for 14 days was generally slightly lower, 

especially at later drying periods. 

The shrinkage of the job~m~xed concretes containing Sunol 

aggregate was higher than the shrinkage of corresponding labora­

tory-mixed concretes. This difference is probably due to the 

prolonged mixing periods employed at the job site. 

As would be expected, the shrinkage of job-mixed concretes 

containing l%-inch maximum-size aggregate (Table 7 and Fig. 4) 

was lower (about 20 percent) than that of the corresponding mixes 

containing 3/4~in. maximum-size aggregate. 

Crack Resistance.--Ten&t1e stresses developed in the 

restrained-concrete crack-resistance bars are plotted in the top 

halves of Figs. 5 to 8. The lower halves of these figures contain 

plots of shrinkage observed on specimens of corresponding concretes. 

Data for the 6-scy mixes moist~cured for 7 days are shown in Fig. 5 
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and tor thq.e moi.t-cured for 14 days in Fig. 6. Corresponding 

data for ~he 6\-scy concretes are given in Figs. 7 and 8• 

. The.e data are .umm,rized in Table 8 in which are given the 

period. of drying at which cracks fo~ed and the tenaile stress 

, at time of cracking. Also given are the shrinkage values for 

the drying period at which cracks were fo~ed. 

In studying the crack-resistance data it should be realized 

that .everal factors influence the tendency for crack fo~atiOD. 

They include shrinkage characteristics, tensile .trength, and 

the elastic properti'es and t:reep characteristics of the concrete 

mix:. Thtt .ize of specimen and degree of restraint (.1&eo'f 
',\ 

rei~*alning.teel bar) will also influence the cracking tendency 

of a cODcrete'*ix. For this reason, comparison. should only be 

.ade on a relarive rather 'than an absolute ba.b. ' However, the 

crackiDS tendency of a concrete mix as herein evaluated is far 

more '~l.ific~~t.th~n tha dry1lls'shr1Jlkage alo.e. 

A study of these data (Table 8) reveals that all concretes 

cqntaining Sunol agaregates cracked within 3 to 10 days of drying. 

The ~racking of Cbncr~tes containing 'air Oaks aggregate occurr.d 

w1..th1.J1 33 to 63 days of drying. The tensile .tre.. levels at 

which the concrete. containing'Sunol aggregate cracked were 

coneiderably lower than tho.e of the corresponding concrete. con­

~... 'air Qak. agresate;;. For examt:>1e, fot' the 6"-scy CODcrete 

c~ain1ng SUDol aggregate ~ '7) cracking occurred .£ter 7 da,s 

of drying at a tensile stre.. of 283 psi whereas the corresponding 

CODcrete containing Fair Oaks aggregate cracked after 35,days 

at a tensile .tras. of 345 psi. 
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Cracking data and corresponding values of tensile atress 

and shrinkage for the 3 to 4-inch slump laboratory-mixed concretes 

are shown in the bar diagrams of Fig. 9. This graphical 

representation ~rly demonstrates the large influence of type of 

aggregate in its cracking and shrinkage characteristics--in all 

respects the Fair Oaks aggregate exhibited a lower cracking 

tendet1cy. 

DISCUSSION 

From the results of this investigation it may be observed that: 

1. The major factor influencing the shrinkage and cracking 

characteristics of concretes is the nature of the aggregates. 

Concrete containing Sunol aggregates exhibited a much greater shrink­

age and tendency towards cracking than did concretes containing Fair 

Oaks aggregates. 

2. The influence of water content of concretes on their 

shrinkage and cracking characteristics is also significant. The 

higher the water content the greater the shrinkage and tendency 

tOward cracking. 

3. The increase in moist~curing period from 7 to 14 days 

increased the stress level at which cracking occurred and slightly 

decreased the drying shrinkage of the concretes. 

4. Laboratory data s as herein reported» should only be analyzed 

on a comparative basis. The relatively small laboratory spec~ens 

cannot duplicate the shrinkage and cracking char,acteristics that 

will occur in a concrete structure. 
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II, .ii"· TABLE l~--cHEHlCAL ANALYSIS Of CALAVEBAS 
~i; TYPE II 'CEMENT 
I*i@\"

IiIi?

f 
!£ei~e COmpesition Per cent 

5iO 23.32 

4.2A~203 

Fe203 
2.6 

CaO 64.4 

HgO 2.3 

Alkalies as Na20 O.S 

1.8S03 

Ignition 1088 0.9 

Compound Composition 

C3S 48 

C2S 31 

C3A 7 

C4AF 8 

TABLE 1
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TABLE 2--PI'1YSICAL PROPERTIES CJP AGGREGATES
 

Sieve Size 

1 in. 

3/4 

1/2 

3/8 

No. 4 

8 

16 

30 

, 50 

lOa 

Fineness 
Modulus 

Specific 
Gravitv 

Absorption 
Capacity, OX 

Sand 
Equivalent 

Cle~eS8 

Value 

Cumulative Per cent Passing 

Sunol Fair Oaks 
0 

.. Sand No. 4 to 3/4-in. Sand No. 4 to 3/4-in. 
-. 

lOa99 

9659 

5529 

100 30100 13 

191 973 
, 

a67 a 83 

7147 

29 45 

14 14 

_..6 4 

7.25 2.86 6.733.46 

2.792.64 2.67 2.64 

0.91.92.3 1.6 

57 80 

9779 

TABLE 2
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TABLE 3--CONCRETB MIX PROPORTIONS 

-
Quantities of Materials. lb. per eu.yd. 

'. 

Material 3/4-1n. max. size 
a22re2ate 

1··1/2-in. max. size 
a22retz:ate 

6 sey 6··1/2 sey 6 1/2 sey 
.. ­

Cllil.ent 

Water 

Sand 

Coarse Aggregate 

564 

300 

1580 

1650 

611 

325 

1530 

1600 

611 

325 

1345 

1790 

TABLE 3
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~§0h;Y' TABLE 4--PROPERTIES. or CONCRETES 

Pi ~._---_ .. 

CompressiveSlump, 
Strength::tn. 
~si 

7 da " is da 

-3 2eOQ' 3740 

1/2 3080 5070 

3 2510 4410 

71/2 1750 3300 

3 1/2 2120 3900 
-

2 1/4 2570 4260 

3 1/2 2130' 3960 

7 1950 3450 

3 1/4 -­ 3750 

3 112 -­ 3720 

3 1/2 2810 4180 

7 1/2 1680, 2890 

! 

Con-
lIix- crete 

S/A 
~eplent A22rest>ate Ratio, 

;pgntent, H'ax. by 
. Scy TYpe . Size, wt. 

J 
ino 

, . 

Fair 
Oaks 3/4 . 0.49 

' . 
6 

Sunol: 3/4 0.49 

Fair 
Oaks 3/4 0.49 

6·1/2 

Sunol 3/4 0.49 

'6 3/4 ..D. 49 

61/2 Sunol 

6· 1/2 :,'11n 0.43 

.. 

W/c, 
No. , lUxed gal/sk-

1 ; 6.6.............. '
 

2
 

3,
 

4
 

5 
~ 

6. 

7 

8 

a· 
'EKL 6.0 

6.4 

7.0 

6.3 

6.0a 
EML 

6.2 

. 6.6 

(d)-L! \. , 

..ML JobP , (d) 

,(d) 
11
 

12
 (d) 

a - Eilgineering Materials Laboratory, University of California, Berkeley, 
California. 

b - job-mixed conc~ete at the Sngtneering Building, San Jose State College, 
San Jose, Californi'a. 

c - ~verag~ of three 6 by 12-in. cylinders; standard .curtBg., 

d - W/C ratio of job mixes not known. 

TABLE 4 



TABLE 5--SHRINKAGE OF 6-SCY CONCRETES 
CONTAINING 3/4- IN. MAXDIDM-S IZE AGGREGATE 

.JIerf,.o4 Period Shrinkage, Millionths· 
Qf Moist 
Qlring, 
days, 

of 
~ying at 
700F and 
Sot R.B., 
days 

Fair Oaks I 
Aggregate 

3 
Mix 1 

1/2 
Mix 2 

Sunol Aggregate 
S1umn ., ...,.h .... 

3 1'"1/2 
Mix 3 Mix 4 

3 1/4 
Mix 9D 

1 70 80 75 90 80 

3 115 170 165 210 200 

7 190 325 315 395 380 

7 21 420 715 710 815 790 

42 570 925 945 1075 1050 

60 650 1000 1045 1165 1140 

90 670 1020 1085 1175 1155 

1 75 110 115 115 --­
3 115 165 170 180 --­
7 190 325 325 325 --­

14 . 21 390 690 665 720 ~~-

42 565 950 920 980 -~-

60 630 1000 1015 1065 --­
90 650 1020 1045 1095 --­

a ~ Aver,ge of two 3 by 3 by 40-in. concrete bars.
 

b .. Mix 9 was a job-mixed concrete. All others were mixed in the laboratory.
 

TABLE 5
 



TABLE 6--SHRINKAGE OF 6 1/2-SCY CONCRETES 
CONTAINING 3/4-INQ 'MAXIMUM-S IZE AGGREGATE 

a 
-- ShriDka2eft millionthsPed.odPeriod Fair Oaks

of Moist of .. A2Jn"eRate ' .Suao.1..~regate 

taring, '. Drying at 
Slump inchesdays 70°F and 

31/2 2 1/4 3 1/2 7 3 1/2SO'LR.H., 
days . Mix 5 Mix 6 Mix 7 Mix 8 Mix lOb 

1 45 120 120 115 110 

3 85 220 210 200 205 

7 155 360 350 375 355 
.' 

865 7407 21 335 685 655 

42 490 940 915 1110 1020 

60 535 1035 995 1180 1080 

90 565 1080 1040 1210 1095 

" 

1 80 85 90 135 120 

3 125 185 170 220 205 

7 195 ~30 310 365 350 

14 21 395 700 655 805 740 

42 545 960 885 1055 980 

60 600 1040 970 1135 1025 

90 615 1085 1015 1170 1090 

a - Average of two 3 by 3 by 40-1uo concrete bars. 

b ~,Hix 10 was a job-mixed concrete. All others were mixed in the 

laboratory. 

TABLE 6 



TABLE 7~-SBRINKAGE OF 6 1/2... SCY JOB-MIXED 
CONCRETES CONTAINING 1· 1/2- IN 0 MAXIHUM... 

SIZE SUNOL AGGREGATE 

,. 1/2 

Shrinkages millionths aPeriod ofPeriod of 
MOist Drying at 

Slum1 inches700F and Curing, 
3·1/2"days 5~ R.R., .. Mix 11 

1 ,- 85 

3 

davs 

125 

7 200
 

7
 21 410 

42 610 

60 720 

90 845 

" 

1 55. 
3 95
 

14
 7 175 

. 21 380 

42 565 

60 675 

90 830 

Mix 12 

70 

100 

170 

375 

610 

730 

870 

55 

110 

165 

355 

580 

710 

855 

a ... Average of two 47/8 by 6 by 16-iuo concrete bars. 

TABLE 7
 



TABLE 8--CRACKI1fGCIWlAC'J.'ERISTICS OF 
'CONCIlETES 

All concretes contained 3/4-in. max~-size aggrelate. Data liven 
are average fot two 3 by 3 by 40-in. restrained concrete bars. 

he 

Hoist-Cured !to1st-Cured 
.. 7 Days 28 Days 

Mix' Cement . Asgre- Slump. 
Ro. eo.teat gate in. Crack·Formatio. Shr1no Crack Formatioa Shrill 

Days at Tensile kage, Days at Tensile age. , 
700F and Stress, ailli ­ 700P and stress, mil­
50~ ll.H. psi onths 501 ll.H. psi llolLt 

Fair 3 63 472 665 33 480 510 

...l ­ Oak• 

2 1/2 6 207 290 10 396 420 

3 6 Sunol 3 8 288 345 9 338 380 

4 7·1/2 4 215 260 6 272 280 
-.. 

~a 3,-1/4 5 240 280 -­ -­ -­
Fair ·3-1/2 35 345 460 40 415 SlS 

·5 Oaks 

6 2-1/4 6 275 3~5 
., 296 330• 

1 6-1/2 
. 

3·1/2Sunol 7 283 350 1.0 398 IiOO­
-

8 7 7 290 375 8 420 395 

lOa 31/2 3 236 205 5 206 21S 
. 

a - Job-mixed concrete, All oth&rs were mixed in the labo~.toTY. 

TABLE 8
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