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THE SCOPE OF THE THESIS

| The fo.L.Lowa.ng conclusions J.J.stes bej..ow were der:.ved by the comm:Lt-
tee on cemente of the Amerlcan Soc:.ety of 01v11 Englneers, in 1.88'7, from the‘
resu].ts Professor George F. Swalne, from M.I.T., obtained by runm.ng numerous
tebts on the effecte of hardem.ng upon the voJ.ume of concrete. These conclu=-

sions are found on page 288 of " Concrete P.!.a:.n and Re:.nforced“ b'byV Taylor

ard Tho SO Ne

L. Cemen‘c mortars hardemng in air diminish in linear dn.mentlons at

N

least to the end of twelve weeks and in most case progress:.vely.

2. Cement mortars hardening in water increase in like x_nanner“out to
a less degree.

3. The contractions and expansions are greatest in neat cement mortars.

By running as many experiments as possible, with the aveilable ing-
trumenys and apparatus I could fix up; I got enough results that agree with
the first and lasf of the conclusions stated above. The increase in Linear di-
mentions of conorete when hardened in water, not,"being as important as its

ghrinkage, I did not Wwork on the second conclusion.
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 Though concrete is said té shrink bontinuouély for atmost a year
,nbst‘of it happens during the first week. Having got only,one‘form fit to -
use in my éxperiménts and‘two Ames dyle’ -3 I took readings only for one
week‘ on sach form. »I had intended to take my reédings at thérend of one.
week periods, but from the suggesﬁion of Prof. Sheiry, I took'daily readiﬁgs
which algo made it possible for me to plot curves of shrinkage aninst ti@e.
T poured zix forms in all, fodr-of'whichvwere 1:3 mix, one 1:2§3 mix and
one pure‘cementf‘»Theqofder of magnifude of the rbsulté obtained, and detailed
, description of the procedure of the experiments will be stated later on in
the thesis.
‘ "In a reiﬁforced‘cﬁncrete-begmzthe temﬁerature efféct is not 56
. imﬁortant, as both concrete and steel have got almostiequal coeffitient of éi—
pansion. Thg‘éffect.of shrihkééefin hardening_is more seriougse In case " the
concrete is not restrained by exterior attachments or ;einforaeﬁentﬁbars,-fhé
. shrinkagefwi;l intrqducé no internal stresses in the cOnérete. If the congcrete
qontained>reinforcing bars, as is mostly the«éase,ythere will be»fension set in
the coricrete and cbmpression:ih;the'stéel there being 5aqd'betwe9n.the oonérete
~and steel. ‘Therdetermination of théseﬁétresses/are shown on‘page’45.of‘"Pfin~
ciples of Reinforced Goncreté.Coﬁstfuction" by Turneaure and Maurér,'gnd~i5'ag :

follows:

Let c¢= coefficient of contraction of the ‘concrste
f = unit stress in concrete (tensils)
£g= unit stress in steel (compressive) -

‘p= steel ratio : . : - R
Es '
Ec
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qun the‘net contraction per unit 1éngth as méasured bylthe conerete will
be c- £,/ E;-» and as measured by the steel will be fg/ Eg » These values

are equal. Also, for equilibrium, f; = pfg « From-these equations we get:

f8= c Ec-—r&.—-'. o (l) .

: L = np-
and _— .
£o o
foog @)

1f, gor examplé,,c=(.QOO3,'E = 2,0005000, n= 15, p= 1f » then fo= 80 Lbss/in.?

tesion and f = 80001bs./1n.2 If p=2%, £,=140 lbss/in.2 and fg= 7000 lbs./ln.
Iﬁ”isiﬂqubtful if such lagge{init;gl’gtresses-g@tually»occu; in |

reinforced concrete due to shrinkage in hardening. B A

e

“,The'experiments of a certain Considére on the actual contraction

e

ofwteinffoced concréte indicate that'the deformationlis less than the above/////”
' fheory w111 caiL fore For example, the observed. contréctlon of about .6l/ 1n

reinforced mortar would call for a:stress of only about 3000 Lbs./in.z in the

steel and 30 to 60 Lbss/ine2 . 1In slowly hardening, with steel in pace, ther9~'

ig probably avgradual adjuétment in the concrete whichiresults in Less inter-

nal stressesithén‘the e;periments on plain conbrete wouldvindicate. _Where the
structure is restralned by out91de supports whlch are relatively more rigid thah
the relnforclng steel, the stresses in the. concrete become greater and may easi-
ly reach the limnt af the tensile strength, thus cau81ng cracks.‘ |

. A certaln Bach haa concluded from numerous experiments that reinr

forch,conqrete will beg;n to crack\at'the,same?elongatlon as plalp concrete.,

In practical design the most important question which’ariees‘is how far & concrete

may be cracked without exposing the steel to corrosive influences In this resgect
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exper;encevindicates ohat,the,minuoe cracks which appear are of no practical
consequences | | R )

If we consider Bach’s conclusion to be correct, then no,amounn of
reinforcementvoan enti:e;y prevent contraction cracks; However,:the reinforce~
ment forces these cracks to occur at so frequenx iniervaie that the total de=- n
£ormation occurs w1thout exp081nc any conelderable crack. Beeldes experlence
jwhuh is the beet of all tests, labaratory tests have also shown that remnforcement
-in beams if used 1n‘euff1c;en$_quant1tles mayveas;;y make the craoke invisibly
small and of_no:consequencekfrom any oracticeirpoint,of’viewe | |

Suppose we have a conceete wall whioh‘is 100 fto long, according to
my results, the amount of shrinkage_is aboutv,Q;%,,end_if there were‘only-one
crack it wonld have aysize‘of about one inch wnioh is very coneiderebie.' The
usage of ?einforoement-wouldjforcé_the‘ooncrete to crack at smeli inxerValeg )
reSulting in.minute’cracks wich would be of no nracticel coneequenceg‘ Large;
the amount oﬂ steel used smaller the cracks wz;l be. : |

The bond etrangth furnished by the. rods will govern the size and
4d1etr1but10n of the cracks. The dlsgance between cracks mst be sufflclent
to develop‘a_bond strength equal to the tens;ie strength of the ooncrete.‘
',Therefore, the size and spacing of the cracks wilb;vary inversly as the bond.

Page 258 of "Principles of Reinforced Concrete Constructlon" by
Turngaure and Maurer, says that in calculatmb the requiste amount oﬂ steel,
the temperature stress in the steel itself must be considereds This will add
to its shrinkage stress, so that its total stress will be equal to its ﬁempe-
rature stress plus fne stress necessary to crack the concretee if; for enample,
_ the aeeumed drop in temperature be 500 C.; the temperature stress in fhe steel=

50 x +0000065 x 30 x 1,000,000 = 9,750 Lbse/ine?
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If the tensile strength_of the concrete be 200 lbs./in.? s, and the assumed
allowed stress (elastic limit) in the steel be'40000 Lbs./ame? 4 then the

140,000 - 9,750 = 30,250 lba./in. ,'and the required per-

stress available

centage of steel = p= i%g%zgvi— <0065, If the elastlc 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 dlstrlbute the deformatlon as much as poeslble » & mechanical bond

is advantageoue. U51ng the form bars, that 13, bars w1th 1rregu1ar surfaces,
whlch provide a mechanlcal bond‘w1th the conerete, are more effectlve than

smooth bars and steel of high elasfic limit is adventageous.

Temperature changes also 1ntroduce cracks in coneretes. Concrete

hav1ng a very small ten51le strength a smell change in temperaturew1ll produce

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

shrinkage relnforcement is practlval. The coefficlent of expanelon of concrete

1e aoruﬂd « 0000055 and elastlc lelt is 2,000,000. Therefore the strese per

degree Fahrenhelt is .0000055 X 2,000,000 2 11 1bse / sq. ine The tenslle atrength

of concrete being 300 lbs./ 5Qe in. y a fall of é%% = B7° F. is sufficient to

‘cause a crack. Therefore concrete poured in cold wheather Wlll shrlnk less

then concrete poured in hot wheather.

Shrlnkage of concrete may be practlcally prevented by keeplng it.

wet durinv hardenlng.
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PROCEDURE OF EXPERIMENTS AND RESULTS .

The setting'of the apparatus shown on page -  > 'Was'Arrangeﬁ by
‘myselfs.  ALL of the'éarts besides the,fotm’énd the two Ames dyle‘f F ,‘weré
prepared by me in the machineshop. Thet is; the vetical bars holding the

‘ by means of an aluminium plate aﬁd‘a-screw,'theplate at the

‘bottom of the form, the bolt and horizéntal"bar which passes through it, and
the small screww at'the'bottouu; The projeciiﬁn‘of the’aluminiuﬁ‘piece“Screwed
ot the vetlcal bar has a vertical slot of L/2 1nch, which makee it p0951ble
to set a needle of the Ames dyle  on the z2ero poxnt and have the bar exactly
horizontals The disk qf‘the Ames dyle ', on whiéh-thé'divisions are shown
can be rotated; thefeforé after the form was poﬁred and the bolt,ho;ding thevhbrid
-_ zontal bar, set in place I saw to it: that the needLes of Ames dyle - ”
were slightly moved downwards "so that there would be no posslblllty of” there~
being a clearance between the top of the neédles and the endsrof the bar.

"The form used is made of two parts; ;t cay be opened into two
vertically which makes the removal of the form W1thout effectlng the needieé
of the pmes dyle p0551ble.’ The two parts aré held togeﬁher by meang of
_ fouf bolts ms shown on the sketbhs The small vertlcal bolt én which the conc=-
rété is poured préveﬂté horiéontal motidp of the bulk of concpete when»remo-

ving the form. The form is cylindrical having a hight of‘lzrinches aﬁd a
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d:.ameter of 6 1nches. The bo.Lt and :Lron bar pase:.ng -‘bhrough~1t are made heery
V:‘,‘enough o be able to me.ke ’che need.l.es of the dyle def.l.ect under :Lts own .
”wez.ght. 'I‘he bo.L'l; has also gmt a blg enough bearlng area on the concrete 80
that it would not s:.nk by 1ts own welght. COnelderJ.ng the propertles of the bo.!.t
‘.the mixes wére not made very wet, and were compe.cted before adgustlng the bo.!.'b.
The :|.ns:.de surface of the formand the part cf the p.Le.te at the bottom
. ﬁn fwhjich concrete was poured .were, greased wﬁ.h ordinary machlne_on.‘]:, wh:.ch pre— \
‘ v'en'bed the'cEncrete rfro'x.nv‘ s‘.tfj;Ic’k:‘ng,gw vt‘octhe irone Twenty-four hours after the
pourlng of 'bhe concrete, the form was removed e.nd from then on, daily. read:.nge
were taken for a week which are ehown &m tabule.r t‘orm on page \O . : |
‘The Dnglneern.ng bu:..Ld:Lng belng closed, I cou.l.d rot obte:.n read:.nge
‘ on Sundays. ’ ’ ' |
| The‘ cement used iwasjtTurkq“.sh Knx‘rb, Ge‘r’ne,nt’, the sand and broken etorie' -
from vs“apanca.’ _ Broken 'etone was ueed in eniy _one tixXe
The operatlon of theiapparatus is very s:u.mp.Le.i \The amoun‘b of shrinkage'
\13 recorded ‘on the Amee dy.Le .y due to the downWard motlon of the hor:.zenta.l. bar
, lenle‘the concrete is shrn.nk;.}_ng,l ‘the dls;g‘of tvhe, Amee ‘dyle isg .d1v1ded n.nto-

100 parts, each division reading 1/1000 of an inchs
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© SNRINKAGE - IN TXCHES (L)

Mixe

Thudse

Frie = Sate  Sun. - Mone Tuese  Wed.

I:3 +0I00

I:3 , , . «0095

I:3 #0030 #0050 ol - «0075 +0085 +0090 « 0080

I3 0025 «0045 .;$¢." »0070 «0080 <0085 +0085

I:3 0035 «0060 .__ &0085  +0095 <0100 «0IS0
I:3 .0035 « 0060 . «0085 0095 <0100 ~0159§_
"I:3 .0025 0045 . . .0070 0080 . '_.ooeo,:,'.oogo',

- 13 .0030 «0050 . .0075  +0085 +0095 .0095

- "Pure . .0085  .0L30  « T.0210 0240 0260 0300

- cement ' : : . :

: ,0090 . L0180 .- 50260  .0280 <0330 <0350
0010 40020 .____ <0025  .0025 ° .0025 0025

I:2:3 - : - L o

«00L0 . «0025 00025 «0025

«0020

-0025

(1)“ Forms were poured on Thursdayse
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COMPUTATIONS

. Averagé;shrinkage'of,each foyrm ¢

1;3 Mixes ' - ‘ ' :
: SR «0100 = +0095 _ ,00975 inche
‘ : 2T e

2009 = 0085 _

= .00875 inche

- «QB50 = +0150 = ,0150 inche

20090 = ¢0095 = .00925 inche
Rt ' 2 ‘
‘Purse cement -

20300 = ,0350

.0325 inch.

L1:2:3: Mixes - '
o 49935;:—&9935~.='.0025_iﬁch;

i ‘.The bottom of’fhe‘bolt set in the §oncreté beipglll’incheeifrom_the bottom

"Of the_fdr@?_thé‘deflecfipn pef'inCh is fouhd by dividing the averége deflection by Ll.

. 123 Mixes - o N
- 4.0.0.915— = .000886 inch./inch.'

L
!9%§1§ = 000796 inche/inche
<0150 ‘= ,001360 inche/inch.
o - |
«00925 = 000840 inch./inche
m | |

Pure cement - . .
+00325 = ,00296 inch./inch.
\‘1:2:3 Mixes -

© . +0025 = ,000280 inch./inche -
T | |

- page twelve



.030

026

022

inch,

. 010
018

.008

014

9Tet. 2Shrink
* ]

.01082

. 0 Woed

001810

01638

.002
002

.000

/’/
y.
4
/ =1
¥t
/ LA
VAW 4
A”/
Vs 7
'/ " o
0 24 48 72 120 144 168

Time in hours

Meosured length. - "
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Pure cement.
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- CONGLUSTON .

‘ The results obtalned, graphs drawn, and ratlo of the mlxes used .

shOW'that the shrlnkage is. nearly proportlonal to the amount of cement per

‘ um.t. vo;ume. The ‘sand ,e.nd stone not belng'_effected, vi‘.haft is not.ehrlnklng,‘
_ the‘teaeon,for these reeuite ie'ecertained.clfheee.;eeg;tsegcee’with‘the*
.\les£,0£~the three conclusions”etefed‘af che»beginning of the thesie which'

- sayss "The cond ractlone and expansions are greateet in neat cement mortarse"
Many dlecu951ons~about the shrlnkage of concrete are not found in
‘;bookeglbut the development of cracks’due tokehrlnkage being of~great impor-
tance, waye of poufing concrete and using mixes which wii; give the minimum
of cracks are continuously being worked on. | |

Recently a mthod of placing: concrete by vibration has been applled

and haewproved to be qulte succeseful.Barges, whlch are f&oatlng bodies have

' been built of concrete, which was poured and set by vlbratlon. ~As the walls
of such a structure have to be very thin, for its beino‘light, they must be
highly reinforced. The government factory helng shear in all sectlone the

design of such a etructure is not very elmple. These barges were peen to be

in perfect condition fifteen years after their constructlon. There~were flve

‘cracks developed on the surfaces, but these had not caused any ruetlna of the

relnforcement or- other trouble-

Produclng concrete for long llfe service in sea water, comblned Wlth

the nece951ty for weter tlghtness, demands. the utmost of compactness. Thls,

was attalned by the .vibration method belng‘ueed. :
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Teet mede on‘bhﬁe?eee:cflieﬁere which’Were eet for 28 daysbunder con=
tinuos and heavy vibrafien have shown.fﬁai"hhese brike far.above the stfength
of their companlon check cyllnders, which were rodded and cured under standard
conditions. The average belng double in strength and correspondlngly hlgh densmty.
Thls shows that even where impermucusness is necessary concrete can be’
usede Therefore, if enoggn relnforcement‘and proper mixes are usedy the shrln-
kage effects can be reduced to mo practical consequence.' But in eaee'shriﬁkage‘\

is not cared fof,vserious trouble 4 such as the failure of the strucfure are aph.

to0 occur.

. THE END -
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