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" Rationalisation of 4oolgn concapis for toil-conont
bace courses is a problom ongaging tho attontion of Highway
Enzinoors, and rapoated loading taote are oxpectod to provide
a roallotic moano of osooooing soil-comont propertics in the
1oboratory for prodicting ito field Yohaviour undor ropotitivo
traffic loads. An attenpt has beon made to otudy tho offects
of rapeated applications of stross on tho strongth and
doformation sharaetordstics of coll-comont speeimons. An
indigonoun rapeated load equipmont 4o loenlly fobricatod
for the purposo. Comprapsive and flomural otrengths b@ih@
nain charactoristics of coil-conont, eylindovieal and boon
spocinons aro teptad undop ropeated loand for differont
lovols of otabically applied ultinmate otrops. Effect of
euring eorditions on the otrongth of spacinmons is olso
obcorvod, At low otross-lovels both eomprescive as woll
ap flomural strongths of cpocimons aro found to inerenso
duo to ropoated load applieation, Howaver, the rolation
' botwoan appliad floxural otross and munder of load
‘popotitions 15 not found to be lineoar ap it is in caso

of coneyreto.



Eoll-coment can dbe defined as ng mixtml of pulverssed
s0il and measured amounts of portland cement and water, compacted
to a high density and protected against molisture loss during s
specific curing period®. Thls matorial has bosn used in Civil
Enginesring in a wariety of nodes of construetion e.g. strsngthe
oning of soil balow lavge foundations and floorsy econstruetion
a‘; paving of slopes and lining of ditohes,
roservolr and tank-basos, umngb and bank protection; as an

- of low cost twasaaa’

4asulator for aold storage premises; atrengthening 'at open
spandrel arch bridges, abutment blocks and abutments for beanm
E bridges ond for ﬂilghway bases and parking aress.

The first road-bages Of cemont troated sofl were bullt
in South Carolina® 1n 1932 « This successful project wai
folloved hy' the construction of similar roads in other states
in U.8.A+ Nev tochniques wers developed, controls were ostablished
strength and duradility were improved and methods of determine
ing optimum comont content wore devised. Using these controls
and tost methods many highways, streats, parking lots and
alr fields have since been bnut using goil~cement as basge
or gsubwbage course, In the last decade the use of soil-cement
has fncreased repidly. Studles reported by .A.A.% and AnsmO
road te stﬁ boar the testimony to the faet that flaxible pava«
nents contaiﬂing cement treated layers give better performance
under traffic loads than untreated gravel basss of the same

thickness. Snssbmm and Larsen’ establighed from the results
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of ploto load tooto thot untrooted gravol bacss may defloot

- fPon 1.8 o 3.3 timos ao nuch ap umior o givon lood ap an
ogual thieslmope of soil~eomant. In riglf povononts, eocmont
trontcd barcoo yofiueo the haﬁmsﬁu@uu effoet of punping ot

tho joints. In anothorp nﬁu&yg eonductod by P.C.A. lab, 1¢
voo brought out that for constont edgo defloetions on 8 inchos
consroto slab bondod to a 5 inehoe eemont trontod baco woo
ablo ¢o owport ¢wieo ap mueh load nn enrricd by tho 8 inchoo
giob on o 5 fnshoo grovol baco.

Though tho importones of soil-cenant ap a highvay

baco notoricl 45 2 cottled foet, the dosign concopto for
goil-conont baro eourecs noed be rationaliced. A povomont

{8 pornally cubjoetod %o a covlon of strose ocpplisations

ot volooncoo in tho form of proosuro puamug. éhon anf
mwmum eoncludod in thoeiy otudy thot tho ropoatod looding
toot nay provide o rocliotic noone of aaccocing ooil-comont
proportion im ¢ho leborotory for prodieting field behaviour
undop ropotitive troffie londo. In as mueh ap the rocuito
'ﬁlaﬁieaﬁa that veluos for mofull m he eoncidorably difi’wmt
vhon ovnlunted undor ptatie losding rothor them ropoatod
londing eonditliono; 1% {0 particulerly importont that conoldorw
ation be givon to tho typo of toot for goloction of proporty
voluoo. -An ottompt wao reolly modo by Hveom to dovolop a
thicknooro decdgn nothed on the dbamdo of the romlts of study

- eonductod by Hveon ond cnmnﬁyn in vhieh ¢ voo choved that
tho ¢hielknooe of eonont ¢roctod baco roguired to carry 10,000 |
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mpéismacna of a 6000 ibgo. load wan 8 to 10 inchono, vhorooo
~ fho thielknoos of o floxiblo pavomont with CBR 100 was ab
locot 13 iacheg.

Tho procont iavondigation aimod to ntudy tho offoets
of ropeatod applicationo of otroos on tho otrongth and doforn=
ation chappetorioties of coil-sonont nxi_aeinm. Coaprogaivo
onf floxural otrongth boing ths nala soncidorations in tho
otudy of bohaviour of coilwgonmont, omporimonto woro enrriod |
out %o otudy tho influonco of ropoated load application on
eylindorien) ard boom gpoeimons, for vhish the tests woro
aar,ﬁ'mm& a8 varying stroso-lovols ond msmhop of stroos
anpiications. |



2.1 Prior otudios of fatiguo charaatoristics of goil~
goment are limited in mmbor.H.E. Boeamngazm invootigated

tho fatiguo dohaviour of n hoovy dblaek ¢loy otadilizgod with
8, 12 and 13 poreont comont. Ho obsorved that in floxmural
fatipguo tho atvooe rotio at 8,00,000 load ropetitions was
indoponfiont of comont ecoantont for tho ronge %osltod. Aocuning
plano stroin diotribution, ho chowod that he stress dlagrom
miot do curved (vardadle Be-valuo) o giva oxtromo fibyo otroos
oqual to WMo naxinum noacurod tonolle ol¥ronn.

2.2 Ehen and Hiteholl inventigatod the offect 0f ropentod
eonproooion and flemiro on ¢tho bohaviour of coll-coment boamo
andl eylimiors. Thoy workad on two ¢ypical coils - ono sllly
elay of A-8 group vhich wvag a roprosontativo subgrado matorial
and anothor a cand nizturo of A-2~4 group o type vhich nay bo
proforrod ap a eomoat Sroantod dacos-couros motorianl, Tho comont
poreontagos uoed wors 198 and ?5 for oilty elay and sand
pogpoativoly. Thooo corond porcontagos ware bhacod on durability
eritorion.

?riaxial compronsion toots on cylindorieal opoeimons
and floxural togto on boam spoeinens wore conduetod by thon.
Rangoa of roponted losding otross imtonasition woro coloeted on
£ho basio of sonputatdons uping throo layor olastic thoory for
highvay ond atefiold loading conditions ngouning the oilty
olay op otodilizod subgerodo matorinl and cand mizmturo to bo a
ptabilinod baco courco. In toots whore opplicd otross~intongity
vag no¥ eongidorod as a varlable, stroec - intonoivies of 60 and



100 pal weres used for ssand mixture in compression and 50 psi
in floxure. Sinllarly for sdlty olsay streass-intensities
uged were 2D and 40 psi 4n eompression and 20 psi in flexuro,

The samples were subjected to 24000 repetitions and
were tested in conventicnal strength tests for compression
and flexure. Alse a dunmy semple of tho same ags as the
| eorrasponiing repoated loading sample was also tested to
dsternine the effeat of repeated load applieation on its'
mechanical properties.

The repeated loading equipment usod by Ehen and xiﬁenau
in this study was the game ap that used in the g0il mechanics
1sh at the University of ealifwnxam « The frequency of load
application was 20 repetitions per nimute and average duration
of a lond application wes 0.1 second, In this successful
pisce of equipment, a loeding systen ima designed for testing
sopecinons in triaxicl compression under repeated loading, the
stross beling rapidly spplied and removed with nogligible
inpact offects and with sultable controls to regulate megnitude
of load, duration of load application and interval detweon
1oad application. It couid safely work for long perioas 61"
operation (1 month) and vas 'portabzm

Repeated loeding comproseion tests were carried out
inside trioxial compression aelle without different confining
'pﬁamuzn and samplos were tosted undratined without sccounting

for any poro-pregsurs.
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fhon and Mitchell studied-
1. | Bffect of density on the bohaviour unior ropeated
compregsion as well as 'flw_mm and found that modulus of
resilient doformation at a given 'mbar of loed nppl:léaticna
ip directly relatod to dry density for sand-cement sanples
investigated,

2. Bffact of molsturs content on the Bshaviour under
repoated flexure, and 4t was found in case of sllty - elay »
cement samples that the modulus of r& silient deformation |
decresasss as the moulding water contont incresses. The
influence of dry donsity and wator sontont vas more
pronounced on the rosiliont nmodulus in compression in case of
eylindericsl samples. In both the materials the ranges of
modulng varistion ars greatsr in comprsssion than in flexure.

3. Effect of strass-intonsity on the properties of soll-
comont and found that the modulup of resilient deformation
was greatly affectod by magnitude of stress intensity in case
of compression ‘ﬁwte It rapidly dooreasad with increase in
‘the applied stress-intensity at low stress-levels. But at
atress-levels higher than 30 to 40% of initisl strength of
sasplos the effect of stress-intensity on the resilient
wmodulus was very 1ittls. Howevar, this effsct of astress-
intensity on reosiliont modulue in case of ropeated flexurs .
tests was Aifforent and 4n this case doth the resilient
modulus and the strongth weres virtually un-affected by the
stress - intenasity, -
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4. Tho effect of number of load repetitions in case of
repented floxure tests and found that the resiliont deforme
ation remaine unchanged with baepea% to number of load
applications even at very high streps levels, very closge to

the limiting value whioh ceuses fatigue fellure. Results

from repeated compression teste did show that cm’ly' at applied
stress ~ levals of less than about 30 to 40 percent of initial
strength, is the magnituds of reeilient deformation not |
affected by the mumber of loaf appliocations, At higher

applied stress ~ intensiticsg, resilient defornations vary

with the number of load appiications with the maximum values
ocaurring between about 1 and 500 load repetitions. The
resilient deformation at one lakh repatitions may he only

about 1/5th to 1/4th of the maximum value,

8. Influence of time of curing and the ~mm1ts obtéim
showed that larger the euring peried befors the start of
repeated comprossion the greater the minimun rosilient
modulus abt a given strogs-level applied repsatedly.

In effect, their floxural tests rovenlsd that
neithor the resilient modulus (ratio of applied stress to
rogulting deformation) nor the gtrength were !nﬂuenesa
signigicantly by the magnitude of applied repeated strass «
intensity (in the absence of fatigue failure)., For soil-
cement nade with ssnd, these propertios vere influenced
prinarily by density, and for soil-conent made with elay the
proporties were algo sensitive to moigturs content. For
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ﬂammﬁl testo, tho niainun otress ratlo to causse falluro
at losn thoan 28000 ropotitions wap 78 porcent for tho sand
soil~aonont and 80 poreont for the clay soll-conont.

tho offoelo on fatigue 1lifo of (1) soil typo and eoncoquont
phyoieal proportios (2) Thieknooo of tho layor and (3) Reaction

medulus of the gupporting oubgrado. Thoy worked on Shroo
typiaal soilo voprosontativo of tho deminant roil-typoo af-f
lopth Anoriea. Ccnont 'muﬁeae was wootrietod ¢o tho optioun
roquirod to preduco soil-comont for cach coil ap doformined
by PCA nothods. Eposinaons woro eompocted ot standard |
conditions of modpduro and dencity.

Thoy sarricd ount thoir %oots on domao of 3 2 3 » 1A}
inchop oizo vhieh woro cut from largor boons of 28 iachoo
longdhy € inchoo width amd dopths of 4, G, 8 and 10 inches.
‘Phosa lapgor bomms voro lopt in otool moulds undor modod
econditions for 24 hours to dovolop cufficiont otroagth ¢o
pm;mm handling af¢or vhioh thoy woro kopt in a fog roon for
curing for 23 days at 73°F tomporaturo amd 100 poreont rolativo
hunidity. Boforo tapting thoso wore air-driecd for ono day,
contod vith o scalor and ‘uwmﬁ in tho laboratory, Thoy Sooted
203 boom opoeimons, on ond cupports, with a nooprome oubgrado
betvoon oupportn. Tho eritorion for failurc wap firnt visible
ercalr Booauso on full olzo soilecemant pavanonts, tho failure
uvas oboopvod to bogin with radial evneking in tho dotten |
ouRfaco.



The fatigue taot progromme included ctudios on tho
. offoct of (a) throe coll types for 6 inchos Geep bomns

(b) four thisknescos for ono roil typo and (o) four sudgrode
ptrongths using ono eotl type and 6 inchoo doop boams. Thus
not all comdbinations of tho variebloo vere ineluded in the
toot ﬁr@grmu Thay roported tho folloving eamluaigna.

| In o ptatic tost the radius of mrvnﬁure docreacsd
vith insronsing losd snd dovolopod a mintmum value at the
location vhoro tho sspeaimanf eventually fﬁilaa + Tho ninimun
- pading of curvaturo ot f’ailuéc: vhon loaded statically voo
dofined ao tho eriticsl rading of curveturc. Epecimons nado
¢rom & pivon ooll type hod a ehoreoleriotic value of eritical
rafdius of curvaturo.

Tho rotio of tho wttim rodiuc of curvature R,
ami tho radiun of curvaturo produced at the bopinning of o
 fatiguo tost R, togethor with the mumbor of load repetitions
to profuea failurc, [y wero used to dofino fatigus. Curves |
for valuop of T from 10 %o 1 nmillien wore deperibod in tho
~ form of an oquoation.

he oofl typc end ppooimon thicknoss influonced the
fotiguo choractoristies. Hovevor, subgrndo 'mkongth had no
significont influence on the fatiguo eharoetoristics. i’:ha,y
dovolopod oquations that dofinod the fatipue behaviour of
soil-sonont produced from throe codl types end for four
ploab  thichaosooo.



Genoral oquation for cllovable redius of curvaturo
~ Rae dorived by them ic as follows i- |

R, @

ees (1)

Tho oxponent 'b' in cbove oquation dopends upon Soil typo
uced in producing the throo coil-ecment. Fop tho posl
typos tosted by thea tho oguotions roportod by them aro
os follovs 3= |

for foll A=l-ht “ow (2}

foy 501l A-2-43 see (3)

for S0il A-4(3): R = m—-ﬁ can (4)

Hhﬁrﬂg
. b = @Ginonglonless exponont in fatigno oquotion.
H = Iunbor of lood ropetitions.

R = Radiug of curvaturo, in., dovolopod for piven
lood ond aunber of loed ropotitions.

R, = Cpitienl rn&mu of @mamre. in.y dafﬁnaﬂ oo
the radius of cupvaturo at falluro.

h = Thicknost of speaiman (dopth of besm) in.,



| In tho propont study testing of 6 cm. dia x YO om,
hoight eylindorical soile-comont gpeoimeno in repeated
conpresoion and 7.6 x 7.5 » 28.1 ens. m&lmemm hoot |
apaaamnb in ropoated floxure wap contomplatofi, PFop thip
work o repeastod lond oguipnent was roquircd which eould
na%at‘y the folloving wn&itiann t-

1. 1t eould opply o streos upto avout 28 Kg../cm

" which could normelly be tho strength of soil-comont scpecimens
at rich coment contents. For thip, 1t should bo ctout onough
to apply cueh a ptross ropeatedly without oxeessive vibrationo.
Hotor chould bo poworful enmough Lo operate the loading Qeviso |
continuously for long duratioms. The woor of moving parts
ghould not bo eneosoive undor tho offeet of ropoated hoavy
locd s,

2 Thero chould be onough spaco to accomodate eylindor-
teal ap woll ap boam spoeinens mounted on the taot platforn
 for the purpocy of tooting undor repentod lond.

3 The emount of losd required to bo epplied on tho
lover arm wao to de kbp% vithin roaoonable limit end o tho

ratio of the Glotansos on the lovor arnm

_ Diptanco botwoen tho fulerum ond wedght hangor
® Bigtoneo botvoon the fulcrum ond 100ding fromo

ashould bo ap large oo practienlily poonibla.
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4. It wac ainod thot teoto would bo sarried out at
puccosoivoly roduoing otress « lovel until tho spocimen
| tekop unlinited mumbor of vopoated load appiications without
oxcopsivo defornntion. Unlimitod mumbor of ropotitions
boing an improeticol propocition to roalieo in practice, it
vao ained that 50,000 mumber of repetitiong vwill be applied
and if the gpoeimon doos not fall, 1%t would bo tostod undor
statie load to ptufly tho offoet of vropeatod loading on i¢o
gtrongth. Thug the instrument was roqnirad to fulfil the
nood of 50,000 mmbaer of ropotitions for which it wag to run
non-stop for about 50 hours., The bolt and pully aerrongemont
tronenitting ¢he powor of motor to the cquipmsnt had fo bde
adoguate for tho purpoce.

Ge To be s*@pmammtlvé of the aotusl laaamg eandiuoha
of the pavement, tho minimun porfod of load application wap
oot at about 0.1 socond, which corrosponds to wheel londs
- moving at adbout 48 Kmph.,

6. It vag thought to ba' doeirable to opply tho lead
vith ninfmum impoet. A spriag loaded toleccopie londing
hoad woo Labeieatod Lo maaﬁthin requironont. The details
aro dogeribed in the folloving artielo.

dnvootipgntiono, consists of following prineipal organs -

1. Autonmatie compactor

2. Lover arnm
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3. Loading frawme
4+ Loading head
S. Plat-forn
' G4 Belt and pulley drive
7. Wotor

3.2.1 Automstie Compgetor

| Por 11fting the lever arm end, on vhich the welghts
are to bes hung, nodified automatic compactor was used. The
gonnoction botveen the edge of sliding rod and} top end of
lever am was made by a ¢.I, ahoin strong enough to safoly
110t a 1oa4 of about 40 Kg., The length of the chein was kept
adequate to permit the lever arm to take full sving. A
revointion countor vas sleo available to show upto only

100 rapetitions. The number of repetitions weare counted
personally in the cases vhon 4t oould be possidle 1.,e. in
caéu of testing at higher stross levals whero‘ specinmens
falled at fewer number of stress spplicstions. However,
this ecould not be poesible in cages of the study of spocinmons’
behaviour at low stress lovﬁla because the namber of load |
ropotitions was very largs and it taok hours of eemipmnts'
operation. To count aumder of losd repetitions, in such
uase.ej, the time of working of the equipment upto the fallure
of spocinen wag correctly noted and by multiplying this with
the frequency of load repetition, the number of repetitions
vas deternined,

| During the upstroke of the sliding rod, the lover
arm &8s lifted up and when the sliding rod takes a down-stroke,
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the lovor arm is releapod, chaln boaomes looss, and thus
tho lover arm cemes down under tho astion of gravity duo
o the vwoighte put on tho hangor.

3.2.2 kover Arm | o

Lovor arm concigtod of two mild otool flats of
S em x 0.6 em glge 170.0 cm long, both joinsd togother by
a numbor of ptiffonorp ac chowm in figurc 4. The gtiffeners
voro in tho forn of M.8. ﬂ.ﬁta 3,75 om 3;0.6 em and 10 em.
longthe Tho aim wos to make it gtrong enough to cargy up
and dovn o mig‘hﬁ of 40 Kg. hanging at 136 emp digtance
from tho fulerum repeatodly, without bending or buekling.
The lever arm vno cupported onm the fulerum at o distonea of
135 em from ono ond ond 54.0 em from the othor.

tui table weipght hangers to carry the required load
woro alco dectgned. Thoco wero in the form of M.S. rods 1.9
emo 4la. ond 25 eno long, throonded on bhoth onds. Those
could bo gorewed in the onmd otiffencro of ¢the levor arm ond
1eld in position by the nuts. Velghto in the form of annularp
rings conld plide on this M.5. red and tightonod iu(paa&tian :
by meang of both and platop. &olf welght of tho lover arm
and Mﬁh@t aceéauoriea io countorbalanced by putting wolights
on the lightor ond of tho levor arm. This was ealled for
in cogos vhen opoeimons wverc o be tosted at lovw stress
lovels. | |

During the downward motion of the clidor of tho
conpactor the lovor amm aﬁﬁ the loading yoke nleo are
 loworod orf ¢he chain geto loopo, couping tho stress
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application on the gpecimen kept boneath the loading head
in proper position,

» Loeding frame as ehown in ﬂguréﬁ 1 and 3 constcted
of two stirrups oach mefie of two M.E. rods of 1.0 ems. dia,
joined by 10 eme pleces of M.E. flats at both ends, on each
side of the plateform. The cloar distance between the bhoth
sides of the loading frane wag ka;iu as 80 ems. The height
of the frane was nade adjustable by providieg threads on
the upper endg of the M.5. rods on vhich the londing yoke
could slide and bde mi-tea at o desired helght.

‘The losding fram was originally supported on the
1mzer arm by means of a 1.9 en d4ia m.s. rod which could not
take the full loed and was to be replaced by 3,75 em dia
f1+8. rod at & ]-.atex' stage. Bearings were also provided in the
lever arm flats whero 3.76 cm H.L. rod of the loading frame
met the lever arm flats. This was thought to be essential
“to check the enlarging of the holes in the maﬁa dus to
excepsive loade am;&ng oh the loading frome. 'Izi order to
| permt the lover arm to swing freely, slots were provided
in the flats joining the two rods in the both stirrups of
the lopding frame,

As montioned in Art. 3.2.3 the distance of the
fulorun from the load end of the lever am was 123 ems.
The 4igtance of the poinﬁ at which loading frame would be
ettached to the lever-arm was kept minimum possidle
(gqﬁal to 8.7 eus) so as o obtain mexinmum possidlo
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nochaniesl afvantege (of 16).

Thus for a load of 40 Kg at the lever arm ond
{(maxisam capaeity of the machine) the manimun wé& that
eould bo applied on tho opeeimen wag 40 Kg. This load
eorreapoﬁﬂs to a strosp ogqual to about 28 Kg/emz on
eylinderical gpocimon of 5 em dic.

To koop %the a%irmﬁa of tho loading freme in correct

vortical pocition, oupports by nsang of 3,75 eno x 0.6 en
flats voro provided om both pides ag chown in Piguro 3.

The type of loading Gosired for tent&ng i puoh a
raponated load which could rapidly bo applicd and removed
wvith negligiblo impact offeects. Thoreforq, in this oquip~
mont, & spring loaded tolecoopie loading plunger wag used
in the londing hend to _m&nimﬂ;m tho impoet, A comprossion
spring pmparl? guided 4o onclosed in o two plceo brass
head, one pleco of whieh ig tightly pereved to the losfing
yoke (soc Pigure 3).

The platforn ig made of o rootonguler frame of
2.5 ens x 2,5 ome angle irons and palvood planke of egqual
thicknoon. Extro plocog of 7.5 enpg 2 7.5 ong angle-irons
voro ugod unfor tho cont of the cpesimons fn order to prevent
the platforn £rom doflecting at tho ¢inoe of testing. |

fho cize of the plaktforn s 100 ems x 86 ems with
a view to enhance its utility for testing model slabs of
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- poil-gconont.

To troncait ¢ho powor of tho cloetric motor to
tho putonntiec conmpactor voodon pulloys with grooves aro uged
along with Ve-ghopod rudbor delt. Tho pulloys aro nedo of
7.6 emp ond 20 ems 44a and thocrs sre koyed vith tho chafto
of notor and tho automatie compactor to chosk thoie ollding
undoy hﬂnvy locd. Continuono oporation of the equipnont
for long hourpn ecouscs loosoning of tho belt and arrangonont
to koop 4t tight wogn ncﬁé o '

3.2.7 An olootrie motor of two haémﬂymw capacity
voo ucod an cource of powor to deive tho compoctor.



Tho lcmmlxmw tonts for uvaconfined eomprosoivo
stronnth ond flomurc uedor otntie locd conditions woro
carriod out ia tho eooproscion footing nochimn of 5 Tono
copasity availoblo in tho Highwoy Baginooring laboratory,
Univorsity ef Roorkooy Roorltoo. For ¢osting tho boan
opacinone for flommpal atrongth tho opoelnl mount was uced,
Por troncndgscion of load froa tho hoed of tho eoaeing
maehine o steol boll vas uced vhich wop plocod in a greovo
contrally loentod in the wppor face of a ctool pmm on
tho lowor faco -of vhich two parallel ctool redp woroe woldod
| ot o distonco of 7,5 ens fron anig to anio. Tho vholo
orrangenont confirmed to tho roquircmeonts roconmmonticd by
ASTH pposifieationt® Ho. D635 - 63.

For popoated lood Sonts on oguipnont vas got
fabricatof in tho Workohep of tho Highuay Engincoring
~ Loboratory, the dotailo of whieh hovoe alroady deon deceribod
4 Choptop 1II. | | | |

Constant voluao oplic mouldp vore ussd for mounldinag
eylinfiorienl sgéoimmn 8 enio ¢ 10 eng for coupronsive otrength |
tosto.

Tho boon cpoeinons wore nonuldod in the noulds of
plzoe 7.5 emé % 7.6 ens ® 23,1 enps and vopo coapronssd in
‘¢ho compi-o oolion maehing, to got constant veluno opoeinans.
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An ovon asontyrolled ot o eonptont mmmamro of
° ® 290 wao ueod for enring of como of tho cpoeinenp.

Local candy codl avoilaoble 4n tho Rooylhec !Inivercit;y
eampup voo ur:d for ¢tho procont otudy. Tho phyoienl propor-
¢40o of thio coil cro givon inm Codlo 4.1.

Tho optinum noistupro contont ond naninu dvy anmziey
vora cfoptod oo 12 posﬂean% ordl 1.86 gn/e.c.

Ordinary portland aomont from froch otoelto wap
uced, \

403

To &_mmﬁ tho amount of ecnont ¢o bo ucad, unconfincd
eomprosoivo otremgth ond flomural toote voro condustod on tho
opeeinonp proporod wvith throe difforont caomont contents
(6, 8 ond 10 poreont). TFron thocs tosts B porcont cement
vas coloetod for furthor otudy ao m gavo 7 doye eenprescivo
‘strangth to bo morc than 17.5 Kg/em (250 poi).

foil brmxgm fron the nonedy oi¢o vap dricd,
pulvoricad nef olovod throupgh 2 mm. glove. '

Appropriote snounto of coil, concnt and wator
roquired for comproosion as woll ap flemuro opoeimons
voro caleulotod. ‘Thony npproprinte amounts co ealoulatod
voro woaghcia. £041 and ccoont voo firot minod in an alre
dry condition, theﬂ.%m mooooary anount of voter wao eddod
anf wvoo thoroughly nmizod for about 3 nimitoc. In oo tmeh an
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dolaying compaetion after nixing reduceoc tho éry donpity
and strongth of a coupacted opecimen, the time lapeae
betvoon nixing ond compaetion woe tried, ap far as At
could be praeti eable.; ¢ bo kopt ocome for oll samples.
The amount of water~sonmont-coil mixturo mined coeh time
voap enough for two cylindorieal spocimons or for ono

- bhoon opocimen.

Compaction in caco of aylindorical ao woll as
boan opoeinons vac porformof by hand €tamping. Tamping
vao done unifornly on tho totel aroa of eropp-soetion of
tho noulé, wvas dong 4in throo layors. Hix thus £illed 4in
tho moulds romained uniformly projectod boyond thoe roguirod
hoighto of spoeimens which vore pmﬁmﬁ to constant volumo
in the compression machinon. The gpoeimons wore kopt
amapmémd for a fow minutap bam'e rovortiang tho ecomprossion
nachine to toko tho spooimonc out.

All camples, except thogs ussd fer the otudy of
the offects of curing ¢imo, wore curod for 7 days. Freshly
propered specinons vore left for 24 hourp in the atmosphere
for hordoning to pornit hanfling, then theso tore onslocod
in polythono bags, properly tied énd kopt 4n mosst pand
for noxt oix ﬁaya; Eono speoimne woro curad at a m':mtmt
tomporaturc of 40°C in the oven also just for a trial to
doeide propor modo of euring. |

|0bES D

Both, unconfined comproosion teoto on sylindorieal
ECTRAL USRARY UNIVERSITY OF ROORKES:

DNANDKE ™



ppoeinone ond floxural teots on boon ppoaimono woro
eonduetod to find out ultimate olrength,

81 eylinforieal spoeiunono of pige 8 ¥ 10 oms woro
proparod for static tosts in tho pannoe doceribed in Art.4.4.
Thoed spoeinmoens vora tooted to dotormine comproooive strongth
ot goro latoral propsuro (umnnﬁuéﬂ } in sRroin contyrolled
comprosoion pnoehine at o econstont rato of 1.25 en/minuto.
0¢ tho totnl 51 eomproncion opoeinonp, firot 18 opeednons
wore propared ond tested ot ¢hroo Gifforant ecmont eonotants
(6, 8 onf 10 porcont). Those voro eurof unfor moipt sond.
Agoin 12 gpoeinmons - four a¢ oach cenent contont, wore
properod and emrcd in on oven at 40°C. Epeeimons voro
onelocsd in polythons bags and o tray full of woter was kopt
on thn floor of ¢he ovon {0 maintoin hunidity within the
ovon. Favthor, 4 cpocinong ﬁaro propored a¢ only 8 porcont
somont eontont. Thoco woro alco kopt in the ovon ap dono
in carlier esso but vith the difforomce thot thogo cpocinons
vore eontod with grooro bofore putting thom in the ovon.
fhon agoain four ppocimens wore propored at 8 porsont eocsnt
eontont cnd euvod undor moist sond. Ao £omo vorintion or
tho other wos motdccd in the otrongth volueo ococh timo, two
opoeinonp vore propared in oneh eapo dofore starting ropontod
lo0d tooto vhieh voro porformed at sixn difforent strooo
lovoloe In tho ond onc ppoeimen woo preporod ond curof
for ton dayp beforo tootiag. In ndditdon £o eenproooive
strongth, model doformation roedingo woro clco tokon &a
typiec) eopon. | |
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32 voanm cpeeimons woro proporod for ntotie testing,
in tho moanor dogeridod in APt.4.4, First 18 spesinons woro
propared with throo 4ifforont comant contonte (6, 8 ond
10 porecent). Two speeimons woro teoted ooch ¢imo boforo
eamgaems roponted locd teots at oix 4ifforont stross lovols.
Tvo tpoeinons woro tontsd in tho ond to etudy offoet of timo
of curing anf for thot ono cporimon was tootod after 7 days
ond anothor aftor 10 doyn of euwring. All thoco sj.ecimena
voro tostod for floxural strongth in the uézaa ptrain eontrollod
somproosion naching ot a mm of 1.25 m.ut./nin. but tho lood
application wao by moans of tho oquipnont doceribod 4n AP.3.1
para 1. In pd@itien to detormining tho flomaral strongth,
| mofol doformation roadingo wort; oleo ¢okon 4n typlceal encon.

4n tho mannor doperibod in Art.4.4 and thoco woro tostod undor
roponated lodd at olixz difforont oiress levolo vig. '30, 80, 70,
60, 80 ond 40 poreont of thoir wltinnto strongths. Tho
ultinmate strongths of the toot mpeeinens woro dotornined

" goparatoly oseh time boforo eommensing roposted loed tostings
Lood %o bo opplicd wac dacidod by multiplylng this ultimato -
ptrongth with the appmviata peveontono. Tho oquipnont vao
thon £ot ¢o apply tho roquired loct by ndjusting tho waeights
on cithor oido of tho lovor a¥m, Anount of locd was chooked
by proving-ring kopt under the londing hoad cméd starting tho
equipmnne to worlk at ito normal froguoncy. Tho froquoncy
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of tho oquipment wnp noted o bo 3.85 sses/eyolo $.0. ho
1008 vao opplicd 936 timos in en hour,

Four or moro, until conclstont romlto were
obtained, woro toptod ot 80, 80, 70 anfi G0 pomont of ultinnto
locd vwhorons ot 80 and 40 poreont otresp lowel only two
uiaaeitaew onch woro tosted., Reacon boing vory largo mmbor
of ropotitions nocded ot lovor etronc~kovols ond alco that
tho ropulte obtained voro eonsistont. The tosts woro
econtinuod 11l dostruction oxeopt in caco of tpooinons -
tootod at 40 poveont of ultimato otyongth vhoro feiluro 444
" not toke placo. Tho number of ropotitiono eausing first
gpaclk ond eomplote dopstyruction of the apmcimenvmfspmumly
vore notod, In ease of spocinmonp topted at 40 percont of
ultimago strongth, tosto woro otoppod nfter applylng 60,000
ropotitions. Tho gpocimong otill coeured o bo unaffoeted
and theco unbrokon moeinons woro tootod dy tho gbamiord
nothod to find ultimate otrongth and doforoation chorncter-
ioticns In enso of toutn at lov pirops~ loevols mmbor of
io0d ropotitions wao po lorgo hot tho oguipnont ucod eould
not work non stop. In tuech eogop comoe ropt wop given to tho
notor ond powor troantmiocoion oystom at cuitablo intervals,
to avoid vverheating. Intorpuptions ineluding those duo
%o povor foiluro woro duly aecountod for in working out
nunbor of locd popotitions coming over tho ppooimono.

sinilorly, 20 boam sposimons voro propared ond
.aux-ea in the monnop doceribod in Art.4.4. Thooo wore oleo
tontod under ropontod loodrs al oix difforont ptregs~levols



4n tho omaetly pimilar mannor ap degeribod obovo in ecco
of eylindoricenl ppoeinmons, ‘The locd tronenigoion wno
through the mount ag for tho standard flozursl strength
toobs

strongth toolk moro than two days boeaucd of lov frogquoncy

of tho oquipmont. Thun ot the ¢ime vhon ropocted loading
wvop stoppof tho gpocinon romeined cxporsd 2o tho amosphem
foy about 3 days ofter normal 7 days mﬁng poﬂad. To
dotoralno the offect of thic throo days' rdditioanl oir-
aryim" tvo qunny mpocinens of parallol euring conditions =
one in coge of compression and othor in flomuro - wore tootod
for ultinato otrongth nmd doforustion choractoristics,

along vith tho unbrokon comploo tootod ot 40°f (porcent)
otress lovels. |



In the following paragraphs ths remmlts of verious
tonto corriod out have bhoon proconted and analyrsd and thelpr
inforonean diceusned,

Ag raporeqd in Art.4.5.1, tosto Co dotornino tho
ultinato stromgth of opoelinong hod Co bo ropented o numbor
of timog urdop difforont euring sonditiono &in coareh for
corroet ond conpiotont reculto. |

Firot of all, in the first half of February, compe
ropeivo ap well as flonurol aﬁrangth toogts wore csnrﬂeﬁ out
with the spoeimons eured unfer moiot cond. Roocults oro
given in toblos S.1 ond 5.2, | |

Thoso rosulto though folrly eonolstont voro ouch on
lovor sido. Comprovoivo atrongth 4n 6 poreont ccsont gpoeinon
nover woo moro thon 4.366 Kg./em® (62,37 pot) and in thoca
with 8 porcont eomont it d4d not omcoed 5.926 Kg./en> (86.65 pol)
Bven 10 poreont ecment vhich woo consddered o bo rothor a
high comont eontont for thic sondy coll did not give otrongth
moro than 7.453 Kg/em® (106.2 pel). Those wore much bolow
ovon tho ordinarily enpocted otrongth of 17.6 Kg/amg (250 pol).
Tho floxurol otrongth teosto algo rhowod similar trends., A4All
poopibilitios voro conoddorod ond 4¢ wao found that tho
yoacon for lov gtrongth wvmo duo to lov tomperoturc of curing
duo to cevere vintor.
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Then tho uneonfinod comprossive otrongth teot
ppoeinone vore again proparcd ond cured in tho oven got at o
conptant temperature of 40°C, The recults of thees spoeimong
aro roportod in Toblo 8.3 |

Thoeo vorults chov morked insroaco 4a the strongth
nn'compamd to tho rooults aontaim& in Toblo 5.1, otrongth
poing ap high op 20,43 ﬁg/aaﬁmz,m poi) 4in coco of 8 porcont
comant opoeinens anf going upto 28,07 Kg/mg (401 ped) 4in eoso
of 10 poreont specimons. Howgvor, tho remlts wore very
puch- inconsistont. In cono of 6 poreont cpeoeimons »stmnsth
voried from 6.24 Kg/em® (89.10 psi) to 12,17 Kg/en®(173.80 pet).
similarlv, othor spocimens ghoved wido variauoa in strongth
retalte. The vensoa saomed to be wmoisgture logo from difforont
opoeimens, in o varyiag moapuro; from tho pocled polythono
bage ot this tomporaturs. In come eacss droplots of noisturo
condonsad on tho ingido of polythono bog popor woro elasrly
vieidlo. Anothor eouso of woriotion in ovaporation was tho
difpariag amount of opaco availablo vithin tho onvolopo.
geano npwmme wOPo tightly omclorod with ¢tho papor just
veopping them, othors voro not, The ppocimons vhieh logt
rod sture due to ovaporation could not dovolop full otrangth
duo to foll in wator-conont ratio.

Thon, on’ altoraative vao triod by eonting tho
~ ppocinons vith grooco beforo veopping thoen in polythonms

paper. Only four spocimnu--mm Coptod unfor thoco euring
confiitiono, tho romlte of vhich aro given in Tablo S.4.

Thoso wooulto though not co inconpiotont ac thooo
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r@pérwa in Tablo 5.3 but still are not conglstont, The
difficulty of moiature lags though roctified ¢to & large
oxtont dbut wag still progent. However; the strength
rocordod wap foirly high, in no cose gaing below 21.00 Rg/em®
(300 pot). Another 4ifficulty with the ovon was that though
1¢ procicoly maintained o falrly congtont temporature of
40°C but in earo of powor broak-doun this temporatura would
not bo mnintoinod. April hod renched by this timo and |
atmoophoric tonporaturs wng oloo inervensing and o anothar
“attonpt woo medc €O examine tho suésaesa of curing in
atmogphorie tomperaturo. Results arc given 4n tho Table 5.5.

Thooo ropults chowed that ot this tomperature of
atmosphore spocinmoas wore ﬂa_vmop&m reasonable otrength
consiptontly and it wap doeided that spoeimens for further
tooting vill be curod under moigt sond, Howover, as the
furthor tocting voo €0 bo earriod out from April %o Jano
- during vhich tho atmogphorie tomperature wnn likeooy to vary
cnd so it van folt mocosnory that at the time of boginning
the popooted locd togting for g particular set of spoeimong,
two epooinenp will be %’awﬂ for ultimato otrength cach
timo ogoin ond again., Thio wholo oxereico revesls tho
ptrong influonee of curing temporaturce on tho strongth of |
pollecomont. -

6.3 £IUDY OF REPEATED LOAD
CRREHGTH FPECIMEHE

The ropoated stress a:ppuanmma vore mado with
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difforont otroesc lovols of 50y 60, 70, 80 and 50 poreont
of thoir ultinmato otrongtho., Froquoncy of load application
vas the camo in oll eaoes f.0. 3.85 soen/eyelo or 15.6 rpn.
Tho nuobor of ropetitioens roquired for destrustion of tho
opoednon in oach eneo vogp mmd;. The rooultso ohtained oro
plottod in figuro 5, Howevor, the opeeinon 4id not fail
utdor 50 pereont otroso Mvai. Bvon ofteor 50,000 otrons
opplicatione after vhieh Stp ultinato otrongth woao dotor-
ninod. |

In figuro 5, a groph hnp boon plotted in vhioh
thoe munbop of stroos applicentions hove boon plotiod on
Y-axils in log cenle and on the Z~cais the 4ifforont otrossc-
lovalas on vhich tho varioup tosts wore carriod out havo
beoen plotied.

Bvidently, tho muchor of ropotitions cauging
failuro Lo moée dn eopo of lowor otroos lovels og compored
%o highoy ptroso lovelg. Tho oorly trond of tho ecurvo
upto 70 poreont octrops lovel doog not m&icataﬁ any opoeifia
rola%oéwhip botwoon munbor of load appliecations and the
lovel of stroops opplicetion. Howovor, thoro i otoop rine
in tho mmnbdbor of stroos applications tokcm by tho moesioeno
boloy 70 porcont ptrosa~lovel and bolow 40 poreont otroso
lovol the spocimon con tako infofinito mucbor of locd
applications. Thic poano that vhatovor be tho anount of
teaffic, tho enil comont base denigned for about double
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tho otrongth roquired in an unconfinod compropsive ptrongth
tost will havo mo chanco of fallure 4uo to fotigue. This
pooult 40 in conformity with the gimilor oxperioneces on
comont coneroto. Howvevor, this otudy is incomplete
bocausd many variablog o.g. froquoncy of load applieation,

curing poriod, typo of londing, specimon ¢ypo ond shape ote.
have not doon concidorod,.

anpenen of M:* s1p,} i:._ ednann

Stropo~ptyrnin rolotionchips havo boon congidopcd
in oagon of L & spocimon curcd for 7 days. i en unbrokon
gpocinen vhich toolr 50,000 propotitions at 40 poreent strogse
lovol ond it anothor opoeinen of the oomo ogo. Etralno

are plottsd on X-axdo and otreosop en Y-axis. (Foe £ig.7).

In eneo | tho otrain potod ip much highor thon
the folloving two caces vhich monns that the ctrength hoo
inercansod maa oo in the cpeoinones of caseol and I

- &n intorooting thing o be noted 4o thot tho stroin in
eopgo of tho cpoeinon vhieh hed tokon 50,000 repotitiono

“of 40 porcont otroos vao legoor than the dummy spoeimon
of tho eamo ago. Thin means that paponted locd opplication
has ineronesd tho ptrongth of the ppoeinon at this stroos
lovel vig, 40 poreont. Fhis 48 o eurious phononenon which
nood %o dbo optufiod Lfurther. One of tho pospidle oxplanation
ip ¢thot roarrangomont of poartieclos takos ploeo Guping

repotitions of oteooces oo 4o tho enno in simplo coll
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spocinens. However, oinilar conolusion vac drowm i":y then
end Mitcholl oloo in thoir otudiec. |

A1l the throeo curves aro utae;i@r in the begiming "

* thon they bhecomne flnttam In the omd ¢hore 1s sudden gpurt
in the strain duc to inciplent fallure of the bonded matorial.
Thio ean de mr:giainad boeause tho rato of strain will

progrospivoly deerearo as the load inerencos.

In Wiguro G4 o graph 1o plotted chowing the rolations
gnip bhetweon mmbw‘ of otrosp opplications ecusing falluro
and strens lovele to dbringy ont tho offect of s%ra &5 applie
eation on tho floxural strength, Fasbor of stross-applications
are plotted on Y-axis (log - scele) and otross levels are
plotted on X-oxis. | S

As in ease of eomprossive streagth toots mmbor of
repotitions cousing failnm io noro in eaco of lover stross-
levels as compared to highor stress~lovols. Howaver, the
trond of tho curve in thic cacr is dofinite. IT is flat
nt lov stro soae and bosomoo progragsively otoep os the
ptreos=lovel redueog. vﬂrﬁr mueh moro mnbor of stross-
opplications ean be tokon at lover stress-~lovols as compared
to highoer otroso-lovolg. 1In thip easo even at 5O percont
ptroos-lovol the spoeimen doos not foil as against 40 porcent
in easo of comprospivo ctrength opocimen. IS¢ moaan that
tho opoeimons ot flewturo cen stond tho lov stross levels in
o glightly botter way. |



| In eaco of floxural strongth tests eleo deflection
¥/5 flexursl etrangth relations wero congidored, -mm"
porcllel cases as roported in Art.5.3.2 vore considered in
thig easo alco. The only difforonce dolng that in caco
unbrokon smeﬂmnﬁ ook 50,000 ropotitions at 50 poreont strass
level, Thoco relationchips are plotted in Figure 8, |

In eces | the ptrain noted 1g nmuch highor than the
folloving tvo cacos vhieh oonfimms the enrlior recult that
tho ctrongth (floxursl in this case) increaces with age.

Ap in easo of comproscive otrongth speeimong, the increaee
in strength of gpoeimon 4o 'mwd due to repontod stress
applieations. This ineroass 1p rather morc prononncod in
this engo duo to considershle difforonso in the ultimato
ptrongths of tho spocimens in cases [ ond (i 4 Aleo this
{neronco in otrongth hesg tekon place even ot GO persent of
strese«lovels This ourlous phonomenon though ig in ldne.
With the results obtained in an carlier study, needs further
investigation. |



1. ’rempémtnm of ocuring hap a vital affect on the
ptrength-devolopmant in coil-coment doth 4in conproseive
ap woll ag flexural strongth.

2,  Holeturo lopcos during ecurinz drastically affecto
tho ptrongth of rcoil~cemont spoecimons,

3. Soil-coment scpocimon gain in strength conciderably
with age of curing. In casc Of aomprossive atrength sgéeio
mens, ton days gtrongth vae 39 percont higher than ceven
days strongth vhoross in case of flexurol otrongthy tho
gain in atraﬁgm was 43 poreont in ease of speeinons ocured
for ton ?&mw as comprod Lo tho-se eured for rovon dﬁryﬁ
(undor speeifie curing sonditions). |

4. Both flexural and couproseive otresces appliod
ropoatedly advercely affect the ctrength of £0il-eenent
gpooimons at higher stroop lovels. '

5, A% lov valuos of ropotitive otrosces the strength
values bf soil-cemont specimeno ahwn o definite inerence
aftor 50,000 applications of stressen. In cace of
comprogsive otrength, failure 414 not oceur at ropeated
stressos aqual to 40 percent of ultinoto strongth, vhercas
in enso of flomural tost, the opooimon 846 not fall oven
vith S50 porsont of ultimnte strongth applied 60,000 ¢ines.
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G. The effoet of ropotitivo londing ob comprosscive
ptrongth 4o not consigtont vhoreas in easo of floxural
pteongth 4t consiptontly incroacos ot lov otroos levols,

7+ Tho rolation botwoon applied ntross (flexural)

and mmbor of lood ropetitions (log_gealo) s not linoor

op in the enge of coneroto. Howgver, the gonornl boliof
that eoneroto con tako unlinited mmbor of load opnlientiono
i¢ pteeoe 40 not oxeooding 50 poreont of ultinato otrongth
nay bo conpidorod a;’pucﬁbla in tho ecoro of coil-eonont aleo
in tho light of thip otudy.

- ——-



1MODE OF CURIKG
TINE OP TRST

comdn%

104.7

wiﬁaa | m "
2 23 61,20 3.50
3 2?7 80.16 4.21
4 23 82.37 4.37
) 28 57.92 - 4.086
6 22 49,00 3.43
1 33 84.65 5,83
2 36 80.19 5.6
3 32 71.27 4.99
4 a3 73.80 5,15
B 38 84,68 5.80
6 35 T7.98 5.64
1 49 106.9 7.48
2 46 102.4 7,17
3 46 102.4 T.37
4 42 £3.33 6.53
8 46 on.2 7.00
6 47 T34
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IABLE 5.2

FLEXURAL STRENGTH TEST RESULTS

MODE OF CURING

- Under moist sand

TIME OF TEST - Second week of February
Coment  Spgcizen TSRL S BIoTR ) Todunus of e
Content Number 1 Division = 7 1bs.. psi Kgn/em™
1 18 42,00 2,94
. 2 16 37.33 2.61
S 3 15 35.00 2.45
2 4. 17 39.67 2.78
° 5 18 42,00 2.94
6 17 39.67 2.78
1 26 60.67 4.25
2 27 63.00 4.41
'g 3 28 65.33 4.57
g 4 28 65.33 4,57
© 5 27 63.00 4.41
6 26 60.67 4,25
1 29 67.67 4.74
- 2 31 72.33 5.06
g 3 32 74.67 . 5.23
g 4 33 77.00 5.39
= 5 31 72.33  5.06
6 30 70.00 4.90




HiobE OF CURIKS - In tho ovon rof ot 40°C |

TIME OF TERET ' -  Piret vook of Yarch

- ~ Provios ping MEOANLYG NLronntl

Comont contont Epoelimon , Sl L ‘
Wunbor @ gaugo W“M“ﬁ psi Kgov/en

"‘*" . i " N

& 1 78 173.80 12,17

%’ 2 40 89,10 6.24

f* 3 7 156,80 10.91

4 48 106.80 - 7.48

. 1 125 . 278,40  19.49

g P 86 189,30 13.78

b4 3 102 | 227.20 15.20

® 4 131  291.80 20,43

$:4 1 83 207,10 14450

% 2 180 | 4010 23,07

| g 3 150 267.30  18.71
S—— 4 130 289,30 20.25




HODE OF CURIKD - - In tho oven at 40°C. &pocimons
. | conted with grooce.
IR OF CURIID - ‘Third wook of Mapeh
e Yrovinz ring | —
Cenont ceinon d4al paugo ‘
Contont boy ro& »
:ﬁé 1 142 316.30 22.14
g 165 367,30 22,77
&
- 135 300.70 21.20
m .
4, 3148 329,70 21.52

GSEIVE SIRENGTH TBET REBEULIE

 HODZ OF CURIIG ' = Undor moist cand

TINE OF TEETING - Eocomd wook of April
Ccaont Epecimen ng Ping

Prov.
e gin) gauge
Contont  lumber ropding

RS - i Mo s

142

8 percomt
S W oo e
BEBEE
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