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THE SCOPE OF THE THESIS 

The following conclusions listes below were derived by the comrrdt­

tee on cements of the American Society of Civil Engineers, in"l887, from the· 

results Professor George F. s~aine, from M.I.T.", obtained by running numerous 

tests on the effects of hardening upon the volume of concrete. 

sions are found on page 288 of " Concrete Plaina:.nd Reinforced" 

ani Thomso n. 

, 
These conc!u-

by Taylor 

1. Cement mortars hardening in air diminish in linear di1;llentions at 
~ • I 

least to the end "of twelve weeks and in most ca~e progressively. 

2~ Cement mortars hardening in watier increase in like manner but to 

a less degree. 

3. The contractions and expansio"ns are greatest in neat cement mortars. 

By running as many experiments as possible, Vii th the available ins-

vrumenjs and apparatus I could fix up; I got enough results that agree \vith 

the first and las£ of the conclusions stated above. The increase in linear di-

mentions of concrete when hardened in water, not being as ,important as its 

shrinkage, I did n~t work on the second conclusion. 



Though concrete is said to shrink continuously for allrnost a year 

Joost of it happens during the first week. Having got only one form fit. to 

use in my experime¢s am. two Ames dyle .; I took readings only for one 

week on each form. I had intended to take my readings at the end of one 

week periods, but from the suggestion Qf Prof. Sheiry, I took daily readings 

which also made it possible for m~ to plot curves of shrirlkage against time. 

I poured six forms in all, four of which were 1:3 mix, one 1:2:3 mix and 

one pure' cement. The .order of magnitude of the results obtained, and detailed 

description of the procedure of the experiments will be Btated later on :im 

the thesis. 

In a reinforced concrete beam.the temperature effect is not so 

important, as.both concrete a~d steel have got almost equal coefficient of ex­

pansion. The effect. of shrinkage in hardening is more serious. Iri case' th.s 

concrete is not restrained by exterior attachments or reinforc:ement;',bars, the 

shrink~ge wi.Ll introduce 1;10 internal stresses, in the concrete. If the concrete 

contained reinforcing ba~s, as is mostly the case, there vall be tension set in 

the concrete and compressionin,thesteel there being bond between.the ooncrete 

and steel. The determination of these stresses are shown on p~e45 of "Prin-

ciples of Reinforced Concrete Construction" by Turneaure and Maurer, and is' as 

follows: 

Let c= coefficient 

f = c unit stress 

fs= unit 'stress 

p= steel ratio 

Es 
n= ----Eo 

of contraction of the 'concrete 

in concrete (tensile) 

in steel (compressive) 
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Then the net contraction per unit length as measured b¥ the cQncrete will 

be c- fc/ Ec ., and, as measured by the. steel will. be. fsl Es • These values 

are equal. Also, for equilibrium, fc =pfs • From these equations we get: 

and 

c Ec np 
1 -}- np 

fc 
fs= - p 

(1) 

(2) 

If, for example, c= .0003, Ec= 2,000,000, n= 15, p= 110 ,then fc= 80 Ibs./in. 2 

tesion and fs= 80001bs./in.2 Ifp=2%, f c=14O Ibs./in. 2 and fs= .'7000 Ibs./in~2 

It is doubtful if such large initial stresses· actually occur in 
. ' ,. ", .. '. " 

reinforced concrete due to shrinkage in hardening • 

. The' experiments of a ce.rtain Oonsidere on the actual contraction 

above /""--" 
~.""-'\::.'.,,, ..... 

of .reinfroced concrete indicate that the deformation is less than the 

theory will call for.. For example, the o~served. contraction of about;"011oin 
.,k!' 

reiDgorced mortar would call for a:}stresB of only about 3000 Ibs./in. 2"ln the 
. I . < 

steel and 30 to 60 Ibs./in. 2 • In slowly hardening,with steel .in pace, there· 

is probably a gradual adjustment in the concrete which results in less inter-

nal stresses than, the experiments on plain concrete would indicate. Where the 

structure is restrained by outside supports which are relatively more rigidthab 

the reinforcing steel, the stresses in the concrete become greater and may easi-

ly reach the. limit af the tensiLe strength, thus causing cracks. 

A certain .Bach has concluded from numerous experiments that rein-

forced concrete will begin to crack at the same."elongation as plain concrete. 

In practical design the most important question which arises,is how far a concrete 

may be cracked witho~.t exposing the steel to corrosive influence. In this respect 
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experienoe indicates that the.minute cracks which appear are of no practioaL 

co ns equ enc e. 

If we consider Bach's conclusion to be correct, then no amount of 

reinforcement ~an entirely prevent contraotion cracks. However,the reinforce-

ment forces these oracks to occur at so frequent intervals that the total de-
. , 

formation occurs without exposing any conside~able crack. Besides experience 

~ch is the best of all tests, labaratory ~ests have also shown that relimforcement 

, in beams if used in sufficient quantities may easily make the cracks invisibly 

small and of no.consequenoe from any practioal point of view. 

Suppose we have a conceete wall which is 100 ft. long, according to 

my results, the amount of shrinkage is about ~o~1o, ,and !hf t.here were only one 

orack it would have a size of about one inch which is very considerable. The 

usage of reinforcement WOUld, force the concrete to crack at small intervals, ' 

resulting in minute cracks mch would be of no practical consequence. Larger 

the amount odt steel used sroaHer the crackswi.J.l be. 

The bond strength furnished by the rods will govern the size and 

distribution of the cracks. The dis~ance between cracks ,must be sufficient 

to develop a bond strength equal to the tensile strength of the concrete. 

Therefore, the size and spacing of the cracks will vary inversly as ,the bond. 

Page 258 of "Principles of Reinforced Concrete Construction" by 

Turn~aure and Mau:r;-er'j says that in calculating the requiste amount olff steel, 

the temperature stress in the steel itself must be considered. This vnll add 

to its shrinkage stress, so .that its total stress will be equal to its tempe-

rature stress plus the stress necessary to crack the concrete. If, for example, 

the assumed drop in temperature be 500 C., the temperature stress in the steel= 

50 x .0000065 x 30 x 1~000,000 = 9,750 Ibs./in. 2 

page six 



If the tensile strength of the concrete be 200 Ibs./in. 2 , and the assumed 

allowed stress (elastic limit) in the steel be 40000 Ibs./mn. 2 , then the 

stress available = 40,000 - 9,750 = 30,250 Ibs./in. 2 , and the required per­

centage of steel = - .,200 .. - 0065 
p- 30,250' - • • If the elastic limit be: 60,000 lbs. 

per square inch, the steel ratio p= 200 --~~----_____ = .004 • For'the purpose 
60,000 - 9,750 ' 

here considered obviously a high elastic limit steel is desirable, and in 

order to distribute the deformation as much as posmible, a mechanical bond 

is advantageous. Using the form bars, that is, bars with irregular surfaces, 

which provide a mechanical bond with the concrete, are more effective than 

smooth bars and steel of high elastic limit is advantageous. 

Temperature changes also introduce cracks in conaretes. Concrete 

having a very small tensile strength a small change in temperaturevdll produce 

cracks. The usage of a ratio of .002 to .004 of steel for temperature and 

shrinkage reinforcement is pra<?tival. ,The coefficient of expansion of concrete 

is aoruiid .0000055 and elastic limit is 2,000,000. Therefore the stress per 

degree Fahrenheit is .0000055 x 2,000,000 ~ 11 Ibs. / sq. in. The tensile strength 

of concrete being 300 lbs./ sq. in. , a fall of ~££ = g7° F. is sufficient to 

cause a crack. Therefore concrete poured in cold wheather will shrink less 

than concrete poured in hot wh'eather. 

Shrinkage of concrete may be practically prevented by keeping it, 

w~t during hardening. 
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\ , 

PROCEDURE OF E}(PEro:MENTS AND RESULTS 
: i 

The setting of the apparatus shown on page was arranged by 

myself. AU of thepnrts b~si_d.~s the, form and the two Ames dyle , were 

prepared by me ,in the machineshop. That is; the vetica!bars' holding the 

by means of an ~luminium p1.ate and a screw,theo1.ate at the 

bottom of the form, the bolt and horizontal bar which passes through it, and 

the sma1.l screww at' the 'bottoIllt The projection of the aluminium pilace screwed 

totthe vetica1. bar ,has a v,ertica1. s1.ot of 1./2 inch, which makes it possible 
, , 

1;0 sst a needle of the Amesdyle on the zero ,point and have the bar exact1.y 

horizontal. The disk of the Ames dy1.e ',on which the divisions are shown 

can be rotated; therefore after the form was poured and the bo1.t,~olding the hori­

zontal bar, set in p1.ace I saw to it:'that the needles of, Ames dyle 

were sLight1.y moved downwarlis 'so that there Vlould b~~ no possibility qf'there 

being a clearance between the top of the nee,d1.es find the ends~;o'f~the:'bar. 

The form used is made of two parts; :j.t C8.l1 be opened into two 

verticR.1.1y which makes the reIJX)val of the form without effecting the needles 

of t he Ames dy1.e possible. 'T'he two parts are held togetber by means of 

four bol'bs R.S shown on the sketch. The small vertical bo1.t dm which the conc-

rete is poured prevents horizontal IOOtion of the bulk of concrete 'l.'1hen remo­

ving the form. 'T'he form is cylindrical having a hight of12 inches and a 
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diameter of 6 inches. The bolt and iron bar passing-through~it are made heavy 

enough to be able to makathe needlasof the dyle deflect under its own 

weight. The bolt has also glit a big . enough bearing area on the concrete· so 

that it would not sink by its own weight. Considering the properties of the bolt 

,the mix.es were not made very wet,andwere compacted before a.djusting the bolt. 

The inside surface of,the form~a.nd the pa.rt of the plate at the bottom 

en which concrete was poured were greased with ordinary machine. oil:, which pre­

vented the cmncrete from stick:it~to the. iron. Twenty-four hours after the 

pouring of the .concrete, the form was removed ani from then on, daily readings 

were.taken for a week which are shown iin tabular form on page \ 0 • 

The Engineering building being closed, I could not obtain readings 

on Sundays. 

The cement usedwas·Turkish Kumt Oe~~nt, the sand and brok~n stone 

from Sapanca. Bro!1enstone was used in cbnlyone mix.. 

The Qperation of the apparatus is very simple. The a.mount of shrinkage 

is recorded on the Amesdyle ,due to the 'downwRx:d motion of the horizOntal bar 

wl;1ile the concx:ete is shrinking, 'the dis~ of the Amesdyle 

··100 parts, each division reading 1/1000 of an inch. 
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Vert. bar 

'~{ '. 

chor-.bar, 

II 

6 

." n 

I ' 

f 
,I 

Screw' 

SKe.tch of Arparaiu5 

. : . 

Ames. dyle, 

Bottom-'p' 



./ 

. SNRINKAGE· IN I'NCHES (1) 

Mix. Fri. Sat. Sun. Mon. Tues. Wed. Thuts. 

(1) Forms were poured on Thursdays. 
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COMPUTATIONS 

Average shrinkage of each fOlfm: 

1:3 Mixes 

Pure cement 

1:2:3: Mixes 

.::, • .;::,.0:::;10:::.;0::,..· _~ • .!:::0.:::.0..::.9~5 = .00975 inch. 
2 

.009 - .0085 ::: 
2 

.orusa - .0150= 
. , . 2 

.00875 inch. 

.0150' inch • 

.0090 - .0095 = .00925 inch. 
2· .' 

.0-300 - .0350 = .0325 inch. 
'2 

.0025 - .0022_ .0025 inch. 
2 

. The bottom of the bolt set, in the concrete being 11 inches from the bottom 

of the f6~inithe, defl'ection per inch is found by dividing the average deflection by 11. 

1:3 Mixes 

Pure cement 

1:2:3 Mixes 

.Q0975 = .000886 inch./inch. 
11 

.00875 = .000796 inch./inch. 
11 

.0150 . = .001360 inch./inch. 
11 

.00925 =.000840 inch. linch • 

. 11 

.00325 = .00296inch./inch. 
11 

.0025 = .000280 inch./inch. ' 
11 

. page twelve 





CONCLUSION, 

The results obtained,graphs drawn, and ratio of the mixes used , 

show that the Shrinkage is nearly proportional to the amount of cement per 

unit volume. The sand .and stone not being effected, that is not. shrinki~, 

the reason for these results is' acertained. ,These resuJ..ts agree with the' 
, .' ~ 

last of the three conclus~ons ~tatedat the beginning of the thesi~ which 

says: "The, contractions and expansions are greatest in neat cement mortars.-I. 

Many discussions,:.,abou.t the shrinkage'of concrete are not found in 

.books, but the development of cracks due to shrinkage being of great impor-

tance, ways of pouring concrete and using mixes which will give the minimum 

of cracks are continuously being worked on. 

Recently a mthod of placing concrete by vibration has been applied 

and pasvprovedto be quite successf~l.Barges, which are f.!:oating bodies have 

been built of concrete, which was poured and set by vibration. As the walls .' . 

of such a structure have to be very thin, for its being light, they must be 

highly reinforced. The government factory being shear in all sections the 

desig~ of such a structure is not very simple. These barges were seen to be 

in perfect condition fifteen years after their construction. There 'were five 

cracks developed on the surfaces, but these had not caused'any rusting of the 

reinforcemeiIt or-other trouble.' 

Producing concrete for long life service in sea water,combined with 

t he necessity for water tightness, demands the utmost of compactness. Thts 

was attained by the vibration methbd being used. 
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Test made on 'cancre~e:, cy.L'inders which were set for, 28 days under con­

tinuos and heavy vibration hav,e shown thathhese brike far above the strength 

of their companion check cylinders, which were rodded and cured under standard 

conditions. The average being double in st,rength and correspondingly high density. 

This shows that even where impermuousness is necessary concrete can be 

used. Therefore, if enoygh reinforcement and proper mixes are used, the shrin­

kage effects can be reduced to no practical consequence. But in case shrinkage 

is not cared for, serious trouble , such ~s the failure of the structure are apt 

to occur. 

THE END 
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