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Rcttionaiisiation of dootgn concepts for aoii- camont 
beco couroo s t o a problovi ongaging the attontion of Highia 
Enjt oraq tnd repoatod loading taste are oitpeatod to provide 
fl 

 

roaliotic ano of oaaoo 	soil cent properties In the  
laborato r for prdiettn Ito field b.beviour under ropotitivo  
traffic loads. Ai attempt 'hair boon made to OtUd7 the offeato 
or repeated opp eat one of u-treso on the ntrongth ard 
dofortnation pi roetoriGties of coile•omant Opoeit ono. An 
i tigonoua +peate load equipment to lo rally rabrientod  
for the purposo.. Comprei3iivo and end flomtrelotiengths being 
rrnin characteristics of call o nt oyltn.dorteal and boom 
specimens are tooted under ropeotod load for different 
levels of Dtabicall7 appitod ulttmate otreoc, ffoct of 
curing conditiono on the ctro g-th of spooiiono in olso  

ob rvDd • At lois  duos 4ovvio both compreaoio as roU 
as flo=ral strengths of specimens ore found to increase 
duo to repeated load opplication. Hover* the relation 
bo reen applied tlo*urctl stress and fiber of load 
ropettti.ons is not found to be linear no it Is in case 
of connote. 



Eof ement can be de need no 'a eizture1  of pulvarisod 
soil and neared amounts of portly cement and water$ compacted 
to a hiit de t? and protected against moisture loss during a 
opscifie curing period * This material has been used in Civil 
ngtne.r1ng in a variety of modes of construction e.g. strength.. 

aning of sot]. below large fav nt one and floors; cons motion 
of low cost u. s ' I paving of slopes sod lining of ditches, 
reservoir and t*-basea, Uninge and back protection; as an 
insulator a 	o cold storage premi a; stran.thantng of open  

del arch bridges1 abutment blocks and abutments for beam  
bridges and for g wa r bares end parking areas. 

The - first rosdbasea of cement mated soil were built 
in South Carolina4 in 1932. This  cress 	project was 
folly by the construction of similar roads in other states 
In U.$,.. èv techniques were developed, controls were established 
strength and durability were Improved and method s of determin-
ing optimum cement content wore devised. Using theae controls 
and test methode *any highways, streets, parking lots and 
air ftelde have since been built using 	 l c nt as  bass  
or sub'bese course. in the lest Ocade the use of ,oil-c ant 
has increased rapidly* gt ies reported by "r*. ,o *S  and. A O 
road tar t6  bear the testimony to the fact that flexible pave-
ments containing cement, tram layers give better performance 
under t* et a loads than untreated gravel basso of the same  
thickness. Nussbaum ai. Larsen7  established from the isulte 



of Plata' load tooto that 	aa# d gra of bac o may dafloct 
f. 1 6 to 3,3 DoC an much o u or a al oo load are on 
dual thiornoca of aoi -eo a . in rtgid parorontc, eoz ont 
trontod bacon rouco the haar4uouo orfoet of pumping at 
tho Sotftta In anothor study' coMuctod by P.C.A.  lab, It 
vac ' ; oUaht ou that for constant edgo dofloctiona an 8 Inches 
canorata dab bandoa to a 5 Ir boc eemon 	a'ato baco taa 
ablo to oaport d o ao much load no carried by tho 8 moboo 
slab on a 6 inohoo gravol►e * 

Thowjb tho iiportaneo of 	 l-eo mt an a .hight,oy 

"taco t3atorial I a cttlod fact tho doein aonooptc for 
aol loonont taco courcoc nood be rationctU cod • A pavoRcat  
ic m all ct*b 	d to a cortoc of atroca nppUoationc 
and VO1000QC in tho f0rn of proocuro pul000. Ehon an 

.cool. conoludod in their otudy that the room, loading 
• ! ! 1. 	1R fr Y - .t ~ tr ?-' o .~ 	~ 	-.'- M R. 	'! 	w 	Ne 6' A c S 	~ ~ 	OS ;# i:o l'R 	~ 	i ~ 	# R ~4- k 

propovttoa in the laboratory for pro6iotin field bohaviour 
undo undor ropotfte traffic  i. o0 In an zeh no .the roculto 
indicato that vcl oo. for ciu U aay be considerably different 

on ova3urtod under o atle 3.ocdina rather then'ooatod  
10441 OMMonc, it ,t o particularly 1rportant that conoid - 
nt on be given to the typo or toot for ccloótion of peoporty 
valuoo. -An attoept woo really undo by Uvoom to dovolop  
thiernono dopign zetho6 on the bania of the recta of study 
eonduetod by flveo and 	in ti Ch It rno oiotod that 
the thteknooc of cotiont treated .00 required to carry 3.0,000 



rdpo 1tioflo of a $000 1bo« 1ow tiaci a 	tno)i o v1torozo 
thó thielm000 of a flodbio pavoiont titth' 8R 100 trap at 
loco" 13 inc ioa. 

Tho poc3nt i o Ltatton ainod to study tho off ata 
of opoatod applieationo of o r000 on to crongth aM doforr. 

and ' .o urcl 
 

3trongth boing th aaiii aonoidorationo In tho 
ctu of taha oi3r of coilcoQant, oz a i to ,owo cart4o6 
out to of y tho tnfluonco of i opoato 3 load application on 

ylindo c aM o 	oho, for 	the toasts oro 
porf*iodat var$ng etoo4ovo10 and nor of ntr000 



0 . 	Prior otiioo off euo a or toriotico of coil. 
eoiont aro iIIThitGd In Mwbo , liJ. fltinor itwootigatcd  
tho fat ijuo boLaviouP of a ►av black clay atabiUzod tdtb 

13 9. 1' anti i3 po'cont cot. Rai oboord that In flornra3. 
fat uo tho otr000 ratio at 6,00,E load ropetitiono ttac 
jftdopondoat of cement content for tho roago tooted o Anowdng  
lono stain di otribution, ho rho that the o roco di r. 

taut bo curvod (ariable v .uo) to give o a'omo fibs otra ac 
equal to tho airiuii uoaourod tonoilo of oo. 

*2• 	than and flitchcll Inveotigatod the effect of ropecttod  
eoapreoaio 	fioittro on the behaviouror U- izo t bona 
and eylittdoro. Thoy torkad on tto typical colic - one silty 
cloy of .group tihtob tiao a ropr000ntativo aubgrado tnatoxtai 
and another a aand tdtturo of 4-2-4 	 ► a type utdeh may be 
rofo rod an a oomont treated bas-eouroo material. The eornont  

poreorataoo uaed wore 3 and 7 for ail y clay and sand . 
roopoOtivoly.. Thocto 0oteftt powcantagoo tioro bacoti on durability 

triadal amp?o a2ion toate on cyUrrdoriaal opocimono 
and ftortiroi tooto ott boom ► opoeliztonø w oro conducted by tho.. 
RQmon of repeated ioeMng of ac intonaitlea 	s loes on 
tho basis of ooaputationo going three layn olootie theory for 
hikia7 and nirfiold loading eoxtdltiono aornnlng the ailty 
elay apt otobi . oti anbgrade ttatoriai anti sand t9icturo to be a 
ota ll 	barn oo co. In tooto ono a pl od  o oao-rotoracdAy 
ae not conn2doroti as a viable, stroco - iratona tios of 80 anti 



100 pot were used for saw mixture in oonprauu on and 60 psi 
in flozure. eirnttarly for silty clay etreasintendties 
need very 20 and 40 psi In sireesion end 20 psi in flee. 

The ales were subjected to 24000 repetition3 and 
were tested in OO 5ftlowl strength tests for compression  
and flea • Also 6 dim sample of the same Age as the 
terra sponding repeated loading ale was also test to 
determine the effect of repeated load application onits' 
mechanical properties. 

The repeated loading equipment used by Men and Mi tebell 
in this study was the same as that used in the soil meabanice 
tab at the tTniversity of Californie33 The frequency of load 
application was 20 repetitions per minute and average duration 
of a load application was 0,1 second. In this successful 
piece of equipment, a loading system  was designed for teeti.ng 
apeetmons in triaxial compression under repeated  loading, the 
stress being rapidly applied  end removed with nógl&gible 
impact effects and ¶4th suitable controls to regulate finitude 
of load, ration of load application and Intel between 
lead applteation. It could safely work for long periods of 
operation (1 mouth) and van portable. 

Repeated loading compression tests were carried out 
Inside triaxial compression calls without different confining 
pressures and samples  were tested undrained without accounting 
for any pore -pre e re 



6 rn 

€ben and Mitchell s ilted- 
.. 	tteet of density on the behaviour wider repeated  

compression as vain an flees and found that modulus of 
res'ilIent deformation at a given n bar of load applications 
I o directly related to dry density for eazi.icem,nt samples 
investigated. 

2. Effect  of not s re content on the behaviour under 
repeated floes, and it was found In once of silty - clay  
cement Wiles that the Modulus of resilient deformation 
decreases as the moulding  water content Increases. The 
influence of dry density and vatar content was more 
pronouncedon the resilient modulus i.n conpreesion In case or 
cylinderiest samples. In both the materials the rangas. of 
modulus variation are greater In compression than in flexure. 

3. fteet of etr $rnifltflhity on the properties of soii4• 
eaint and fob that the modulus of resilient defamation 
was greatly affected by magnitude at stress Intensity In case  
or compression test* it rapidly decreased with increase in 
the applied atreas4ntenetty at low atr.ss levels. But at 
$t?e*$nl*vel8 higher than 30 to 40 of initial strength of 
samples the ettoet of str.ss4ntenaitl on the resilient 
modulus was very little. flowevar, this effect of etress-
intensity on. resilient modulus in cater of repeated ezuce 
tests was different and In this ease bo ► the resilient 
modulus and the strength vwere vir 	ly -affected by the 
stress - Intensity* 



. 	." 

4. 	The effect of giber of load repetitions in case of 
repented fexura tests and found that the resilient 4efori i 
ation r are unchanged with respect 	 number of load 
applications even at very high street levels, very close to 
the limiting value which causer fatigue fails. Ruts 
from repented copresion testa did show that only at eppli 
stress •► levels of lose than about 30 to 40 percent of Initial 
strength, to the magnitude of resilient deformation not 
affected by the auaber of load applications. 4t high 
spptted stress 'W intensities, resilient deformations vary 
with the 	er at load applications  With the mmum values 
occurring between about I and 600 load repetitions*  The 
resilient deformation it eat lekh repetitions may be only 
about 115th tO 1/4th of the muimurs value 

Influence of time of owing end the results obtained  
Owed that larger the curing period before the start at 
repeated compression the greater the minimum resilient 
modulus at a given stress e . applied repeatedly. 

In effect * their flozural test$ revealed that 
neither he resilient Modulus (ratio of applied stress to 
reeling deformation) nor the strength were influenced 
significantly by the magnitude- of flied repeated stress 
Intensity (in the Owes of fatigue failure) • or soil 
cement made with sand,. thane properties were maned. 
Primarily by density and for ll 	nt made with clay the 
properties were *Is* sefleitiva to moisture content, For 



f1orixrt toute, tho tLfl1flI Aram ratio to GUflO failure 
at loan than 25W0 ropotitiona '.ito 78 poroent for tho sand  
coti*oouont and 90 porcont for the clay oU'.eotiont. 

2.3 
Laron Md flu aabai eondno tad tho tooto to oziio 

tho offooto on fatigue lifo or (1) ooil typo and conooquont 
phroieA1 propotioo (2) Tb c!u*000 of the IAyor  and (3) flooton 
tztadujua of tho 	 portS.n oubirado. Thoy worked on throo 
typical voila roproontativo of tho 6ciinant aoiltypoo of 
Thn'th oriel Ccont contont was roatrictod to the optitiwi 
roquirod to produco ooi1'coziont for oaob coil ao dotorino4 
by PCL nothodo, Ee1aono tiara ocpaatocl at atandard 
conditio.no of tiotpturo ard denoit. 

Thoy oario8 out thoir toeta on bows of 3 z 3 a 134 
Inchon alto tiieb tiara out ?ran Igor bocio of 29  inches 
langth, e ineboo Width QnS doptha of 4, Gp 8 wW 10 inobea. 
Thom larger boume tiara topt In otool, moulds undor moiot 
eciltiona for 24 hours to dovolop cftciont otrongth to 
porit handling  after titah they tiara Copt in a foa roots for 
curing for 98 d•ayø at 730P toraporaturo ad 100 porcant rolatiso 
hwnidity# fleforo tooting these tiara eir'.driod for ono day, 
coated iith a aaalor and otorad In the laboratory. ?boy tooted 
21M boam opoelmonsp on d mp parta, i4th a noaprene oubgrada 
bet eon oupporto. Tho oritorion for failure tiao firot visible 
araelt booauco ion fl1 oio colloocament pnvanonto tho failure 
vao Obo3rvod to boin with radial araftina in the bottea 
otwfaeo. 



The rattgue toot progrtuno iiuluAo4 ate ,eo an the 
offoot of (a three Doll: tjper, for 6 is atho hoop t ac a 

(b) four tt4ekescoe for One COil type and (0) four  fOIW dflibgrcdo 

otro gthc using oco toll type and 6 inchoo deep bearne, Thus 
not all oombinationc or the variabloc vero.Ieluded i s the 
toot program , Tho3r reported the folloiing eonclucione. 

In a otatie toot the radtnc of rvatu?o docroac. 
vith ftLeroneing load end developed a id i Value at the 
location ttOrO the *postmen. eventually ibod The iriit.  t 

rad inn of curvature at failure then loaded ntatieclb + wao 
defies an the eat eal rad tw at curvature. Epoeimono .cdo 
from a given coil type 	a ohoranteri tie value of critical 
s ad u a of eu roturo. 

Tho ratio of the critic red i s of curvature t. 

and the rudiuc of ou- to z'a produced. at to beginning of a 
tf2gno toot R, together with the giber of load ropotitionc 

to produce failure, 0, ero need to define fatigue 	ea 
for valuoc of 17 from 10 to I Alton Vero decoribod in the 
form at cia equation.  

The coil typo end pceitnon thieluiofrn influenced the 
fatigue ebarac on e . }Iouovor, cubgrado'ntrongth had no 
•aignifieant influence on the atiguo charactari ettec. They 
dovoiopod oquationc that defined the tattmao behaviour of 
noiIooZoflt produced from three coil t oc and for tour 
glob thiottuoccoc. 
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Oenoral oquetion fcr .QUotoblo radios of c arva~t o 

R at dorivod by them Icy *a foflowo t- 
R flb  

s. 

The oa ponont 'b' 14 above oqnation doponde 'Upon coil 'moo 
nood 

 
in producing the two .oI1-econ . POr tho cell 

typos tooted by tbcm tho oq atione roportod by thorn arcs 
a e foli c 

for Eofl A . 3 b: 

for Ecu A4s 

for EcU A4 (3) s 

R 1 p0.032 
*. 	.. 

R 	 *025 

.   
(3) 

R 	*054 
.., 	. , () 

oro, 

. 	a O n 	o*Iecc oponont in atla oquution. 

= Thibor of load ropotitionc 

R 	adiut of eunturo, in.,  dovo :opod for givenn 
load nudnumber of to 	tie lions 

Critical radius Of ourvatu o, in, ,# dOfIXtOd 00 
tho radius of curvature at 'niliiro. 

Ticknooc of epoeimn (dopth of beam) in. 



ETTAUM 
In Up proczmt study tactics of 6 e* data z '10 am,, 

height eylladorleal soii'cenoiit OpOO1UQO in repeated 
coprecton aM 7.5 * 7.5 z L1 cme co9.1.eemønt boas 
opeaiinenc in ropoto4 f1oituc waa eontomp3citoa. For thia 
work at revestod load oquip: t Vac ?oq*aircd idhich doheuul6 
cattofi the follodas oonfltiona  

It could OPP17  a Otrame upto about 29 X8#/CM2  

which could normally ho thìe otrength of zoi1icocnt opeoimenc 
at rich cement øontento. Per thic, it shWld be otout enough 
to apply ouch a otreca roponteiy without oxceasive vibrationoo 
Motor aboiiU be poorful enough to operrite the loading devicO 
continuously for long durations. The war of movina , parts 
chould not ho ozeaetvo undor the effect of ropoctad heavy 

¶horo chould be enough opaco to noeotodato cylinder - 
teal as vcU ac boom cocineno mounted on the toot plattorm 
for thO purpoc of tooting under repeated load. 

3* 	The emount of load required to ho applied on the 
lover era wao to be kopt vfthla roacoorhle limit and co the 
ratio of the ditenooc on the lover mm  

Ditaneo boWeen the fulcrum and MUM banger 
______ó' erum 	loo ding framn 

should be cc largo 00 practically pocoiblo. 



4. 	It ma mod that tectc would be erriod out. nt 
£lueeoD .vol7 reducing of ea - level until the Dpoaiien 
tekoc unlitittod number of root load opplicattono without 
oiceootiivo deforaetion. Unlmitod umber of rQpDt ..00nc 
being on itpraeticl propocit on to rooliso in practice, it 
tree Givlod thet 60,000 timber of ropotitiono will be appliod  

and if the epocimen doce not fail, it tould be to mad under 
otatic load to study the offoct of repeated loading on Its 
otror h. ? uo the instrumentwas required to full the 
oo of 50,000 number of ropetitiono for 	ch It tree to run 

non-stop for about 50 bourns The belt end pullr errengemortt  
tranittXng the p or of moor to the oqutpaen.t had to be 
edoqu to for the purpoca,  

so 	To ho ropreeentattvo of the actual loading condittenc 
of the paveme , the minimum period of load applicel ion woo. 
net at about 0.1 e*ortd, which ce rronpond a to wheal bade 
moving at about 4 mph. 

6, 	It una tboubt to be doa rabbo to apply' the load 
with alum jpaet. A apringloaded toleeopie loading 
hood uov fabricated to moot tbio requirement. The dell s 
are doceribod In the foiling article. 

Ec ♦ 	e 	~ r 	 r̀ 	r 	~ 	w _7 . 	- 	r' 	+ w 	` 

The rapes od boadmoquiptnent, fabricated for the, 
invoatigatlono, oonci at; of i.oUo4ng principal orgtuc d► 

I. ,Automatic compactor 
2. Lover arm 
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Loading fra 
4. Loading head 
5. Plat-for  
6, Belt and pulley drive 
7, Motor 

Pox Ufting the lever axn end, on. iich the weights 
are 	hung $ iaodifted automatic eoupaotor was used * The 
connection between the edge of sliding rod and top end of 
lever a was xade by a 0.!, chain strong enough to safely 
lift a load of about 40 g. The length of the chain was kept 
ad.cZuate to pew; t the lover arm to take full swing. A 
revolution counter war also available to ebow upto only 
100 repetitions. The number of repetitions wire counted 
personally in the eases when It could be possible i.e. in 
east# of testing at higher stress levels where specimens 
failed at ewer amber of stress applications. mar,  
this could not be possible to cases of the study of peiren& 
behaviour at low stress levela because the giber of load 
repetitions was very large and it took hours of equipments' 
operation. To count amber of load repetitious,  In, web 
ea s, the time of working of the e4uipma t up to the failure c 
Of epeetmen was correctly noted and by multiplying this with 
the frequency of load r petition, the amber of repetitions 
was dear iaa . 

During the upstroke of the elimling rod, the lover 
arm Is lifted up and when the eliding ing rod takes a. Bova-stroke, 



tho lover arm le releacod, chain beeoriee looco, and thus 
tho lover arm **moo dam der tho action of gravity duo 
to the wolghte put on the hanger* 

3.Q.2 
Lovor arm aonciotod of two mild stool flats of 

5 am z 0.6 cm cizo i7O.0 cm long, both Joined together by 
a numbor of atiffonoro as ohou in figure 4. The otiffonera 
toro in tho form or 1.8. flato 3.?5 cm z 0,6 cm and 10 cm, 
length. The aim was to make It otrong enough to carry up 
and down a voiGht of 40 Eg, banging at 156 *me distance 
from tho fulcrum repeatedly, vitbout bending or buckling. 
The lover arm vat; cupported on the fulcrum at a distaco of 

cm from Ono  and aM 34.0 cm from the other. 

6tiitablo soigbt hangers to carry the required load 
yore nice deoigned. Thoco wero in the form of M.Z. rods 1.9 
ems dial and 25 *me lonj, threaded on both end s. Those 
could bo ccreod in the end itiffenoro of tho IGVQr am and 
held in position by the .nuto. tTetghtc In the form of annular 
rings could' slide on tht a )7.)* rod end tightened In Position 
by means of both and plates. Golf velight of the lover am 
and other aecoacoriec to counterbalanced by putting wolghte 
on' tho lighter and of the lever arm. This trac eaflod for 
in cases when opeciinonc were to bo tested at 1ev stress 
lovelo. 

During the dom,inrd motion of the olidor of tho 
e*apaetor tho lover, arm and the loading yoke also are 
loorod and the chain geto loose, causing the stress 
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opplication on the specimen kept beneath the loading head 
In proper position. 

Loading fraiite as shown in figures I and 3 consicted 
of two stirrups each 200 of two fl.Ev rods of 1.9 ems. dia, 
joined by 20 ems pieces of u.S* flats at both ends, on each 

de of the ..platerorm, The clear distance between the both 
side* of the leading frame was kept. as 00 ems. The height 
of the frame was made adjustable by providing threads on 
the upper area of the 4.$, rods en which the loading yoke 
could slide and be bolted at a desired height, 

The loading frame was originally supported on the 
lever arm by means of a 1,9 cm dIe m. n. rod which could not 
take the full load and was to be replaced by 3.78 em dia 
tl.(o rod at a later stage. Boaringo were also provided in the 
lover arm flats where 3,78 on 74.Eo rod of the loading frame 
met the lover am flats* This was thought to be essential 
to chock the enlarging of the holes in the flats due to 
excessive loads coming on the loading frome. In order to 
permit the lover arm to swing freely, slots were provided 

- In the flats joining the two re In the both stirrups of 
the loading frame* 

As mentioned, in Art. 3,2.2 the distance of the 
flerum from the load and of the lover arm was lls6 ems. 
The distance of the point at which loading frame would be 
attached to the lover-am van kept miadmum possible 
(equal to 8.t ems) so as to obtain maximum possible 



Eoehadet1 advantage (of 16). 

• Tbus for  lead ot4gat the,  lever rend  
(uirwa capacity of the rnnehino) the inexImUs load that 
could be aliod on the opocirnan VAC 40 Kg. ThIs load 

COfl6O1POfldB to a StIlOBO equal to about 28 1g/em2  on 
Undoreat cpoeirnon of 6 am dia. 

• To asapthe atirrupo of the londig frame in correct 
vertical positioii, oupportG by moaaa or 3.75 erne .z 0.6 cm 
flute yore prcvidcd on both tides ac thom in Piuro 3. 

3.2.4 p*:t 

The typo of loading dacired for tooting I  eueh a 
repented load rntieb eould rapidly be applied and rtnovod 
vith negligible impact effects. Thoretoro, in We equip. 
rnont, a spring loaded tolocoopic loading plunger vac uned 
in the loading head to mininco the Impact* A eoinproaton 
apring properly tddod I  onoloced in o two picco brAce 
bead., one piece of whieh to tightly,  eeroued to the loading 
70kG (coo flgure .3). 

3,2.5 

The platform ic made of a rootenguler frame of 
2.6 ems = 2.5 ema angle irons and cclto4 planka of equal 
tb eknocn. Extra pteoo of 1.6 crnc z ?,8 orna anlo-ironn 
vera need under the coat of the cpee imonc In order to prevent 
the platform tram deflecting at the time of tooting* 

The nice at the platform £0 lO'O cnn z 9,t ems vith 
a viov to enhance Its utility for tenting mcdo3 slabs of 



* 

To trcncit tho poor of tho o3octito motor to 
tho Quto1xtie captor vodon puliopc with arowes am ucad 
lone tith Vchpo4 Mbbor bolt. Tho pnlloyo zwo tco of 

7.6 cnn ono 20 env din =4 thoco are toyed ith to tihafto 
of motor cad tho outta coptetor to chock thoir olt61rvj 

widor honvy load • Continuono oporcttot of tho ouiptiont 
tor Iona bouro eon oot 100 noni fl(J of tho bolt and crrangcrx)nt 
to koop It tight rnc tco. 

3.2101 	An o1oatre motor of tuo ho c-povor apucit 
an courec of posor,  to drive tho oompaeto'. 



The laboratory toats for undo in eoaproaaivo 
stro th ark floziwo i or otatie 10a4 eontitionø terra 
earrioti Out  Ilk the eóp oc2on toing naehin of 5 Tana 
eapaefty available In the Rlu ray 2ucinooric laboratorr, 
V vorii ty of Rorkoo, ooPITae, Th tooting the bocti 
apoeit2rnc for flo ral a ron tb the spacial runt tine u 
Por trcnciicoion of load from the hood of the tooting 
moehino a aka , ball trap u 4 web tao placed In no groove 
contrciUr lo&tod In the upper face of a ctool plate an 
the loior taeo of tshicb tvo parnliol atocI rod s ttoro tioldot2 
at a diatnca of TAO ca from azic to a c. The alo 
arrangoz ant ccamrod to ae roquirionto roeorioudod by 
AMA cpooiflcatiort14  flo. D183 - 63. 

Laboratory, tho do allo of Vie . bavo already boon decerib 
In Cbaptow ill. 

Constant vol co op1Ut mid. o 	UOQ6 for tiding 
cyttindoxical cpomona 6 amo z 30 cnn for coopro auivo strength  ctrongth 

to a. 

The boom mine 	oz'o aouldod in the tioultr of 
also 7.5 coo 27.6+ c z28.l con a tioo ocprocco in 
the coprocpion mathims  to cot conotont voluno apeeicns. 



Art ovon oontroflø4 at a eotwt nt topoeaturo or  
400 +2C fl UcO4 f rt of COkOa of tho opoeionc. 

Weal candy ci3 nvaiiczbte in tho Rooritoo U vo ctt 
~arnpuotco u d for tho procon t otu y. Tho pbyoieol propor 
too or thlo Coll o ct zn intc o 4.1. 

uor copto2 00 12 poreont and L8G fo ,** 

0rd1nr ry  ,p,or IG eo.L O t from fr' v7t # 	ao 

id 

E 

opoohiono propnrod with three difforont coiwnt contents 
# 8 Ond 	po ont) w Px'oCZ thoci wets 8 poreont eoent 

Vin robe 	for further otudy no it Savo 7 d yo eonpreootvo 
n'tro h to ho morn than 17 	/eM (2 p ) , 

eo brought froa the noc by otto Inc droll 
pul on chi and t .off throur.h 2 'tom. olovo.  

AppepiiatO flJ3OUto of OGU, Cant and ator 
row rod for eoupro colon ao io11 no flezuro, cpeiono 
Vera eo1eulntod , son, oppropriato ôionnto co eato lato 
ion ttoirjhod. Coll and •ooQont too first iod Inc on air-, 

dry øondttion, than tho na000inry amt of motor icrn added 
t 8 'toc tharouhly oil for about 3 ntarntoc. in as nueb ao 



dolaying compaction after mixing reduces tho dry, tonait 
and titrength of a eoapaeted speiruen, the tine lapse 
between ai.zing wA copaoUoa was tried, ac far an it 
could be prattle-able, to be kept on= for all camplec. 
The amount of mter.eomontcotl mixture mixed QICh time 
van onouh for two cylindoricoi cpocimona or for one 
boom cpocimon, 

Compaction In eaco Of cylindoricol AC *IO11 00 

boan OPOCItnons vac porformod by hand tmpin. ?nmptng 
woo done uniformly on the total area of eOcaoetion of 
tho mould, vas. done in three Icyoro, fix thus filled In 
ho moulds remained wdformly proSected beyond the rQqIILFOd 

boighto of spoelmens lwhith vero pro 000d to constant volume 
in the compression mrichinoc. The epocimono wore kept 
cornproncod for a few minutco before reverting the oocproacion 
m&ehina to take the spooimonc , outo 

All camplec, except thocs ui sad for the etudy of 
the offøeta of curing tiio, wore cured for 7 dayc. Preohly 
prepared epacimonc Vore of for 24 hourD in the at*oopboro 
for hardening to permit handling, then thoco ireended 
In polythono bags, properly tied and kept In moist oand 
for next nix dayc. Some specimens wore cured at a constant 
temperature of 400C In the oven also just for a trial to 
decide, proper mode of curing. 

4,6.1 
oth, unconfined comprocatori tooto on cylindorical 

cii MARY uPif vpppr,' OF ROOR4f& 



opoo2 i o and tIernro3. toot6 on boas pooiiono uro  
conductod to ftri out til Chitt* trength. 

51 epitnlorleal poei nono or also 5 	on 	mo 
propcmod for static tooth in tko nannom 4oceribodin Art ,4. ►. 
Tho co cpoeti ona 1'O tooted to dotom4no ernp000tvo otront3th  
at corn 1iitoral proacuro (u anftu )' in strain aontro1Zc  
eo!apr000ion nochina at a eonotont rato, of 1. i c' into. 
Of tho total 5]. eoaprocciø 	ono, first 19 t)peeit2ono 
oro proparod ontt toüto4 at throo diffovont eoioat corkatanto 

(60 8 as 10 porc ft). Thoco voro eurot2 untlor ioict acne. 
Agn :n32 eponinonc - four at each cement content, uro ' 
p o arod rntd eurod in an oven at 400C, EpoolDonc uoro 
ene1ocd In polytbono bees and a tray full of Adater me 11opt 

on tho floor of the men to maintain hwntdity within the 
aeon. Purthor, 4 cpoeirono Toro propared at only a poreant 
eo ont eontont. Thom 	oro olco hope In the *von an done 
In earlier nano but t4th the d&fferonao that thoco cpoc .nana 
yore coatod 4th irooco before puttinc thorin the oven. 
Then ajaia four o)ooineno soro prepared at 9 percent eo ant 
OGotout end mod for rniot nand. 4o to variation  or 
the other toa notiood in tho ctrongth valuoc +arch tine, tvo 
opooitiono ie o pi'operc8 to each oaco boforo otorting repeated 
load tooto rhtch ro performed at atu different otrooc 
lovol o. In the and one .apoe uiou rao prepared and cured 
for ton chyle before tocting w  In odditton to eeproaoivo 
atrongth, model dofaai.ation roadtno rota oleo taken in 
typical cacao. 



32 boom cpoeimorn soro propered for static tootinz 
in the iunnor 4ocoribGd in t.4.4, Pirit 18 ipooinonc voro 
pr stud with throe different eent eontonte (6, 8 cM 

10 percent) . ttio , eei nc lore tooted oaeb tiao boforo 
eethnonointj ropoated land teote at cix diffotont ait oco 1ovo1 cO 

Ytio cpoeitionc era toDted in the end to otu4 y effect of time 
of sari 2 and for that one. c oelmon ao to of after? logo 
and nothor aver 10 dayo of cuing AU thoio Bpoeimonc 
voro tootod for floral atrc th in the ccmo o ain controllod 
co roocion machine at a rata of 1.25 m. 1mm. but the lord 
aPpltcetton ao by moano of the euipmont doceribod In Art.3.t 
ara 1a In dditjon to do rt.~jning the flo xura1 trongtb, 

modal dofortiation roodingo tore . taken in typiool canoe, 

406*'  

20 eyltndoi c cl s cimeno toro prop.red and eurcd  
in the der doccr&bod in Ar .4.4 and thoco Toro to et d under 
repeated load at cix different afro ac levoi c viz. 0, O, , 

and 40 percent of fir ultimata otrongtho. The 
ultimate Btrongthc of tho toot opeetnana ttoro do 	nod 
oopaz'ntoly each time before doting repents. loo toat1ngv 
Load to be ap It 	me dceidod by multiplying 	 c ultimata 
ctwon th vith the appropriate percentage. The oquipront its 
ten x t to apply, the .roqdrcd load by adjusting thO saightc 
on either cido of the lover am *Iaount of load mc chocked  
by proving-rang Ito t for the loading head and atertinc the 
oqLzipnont to work at it o normal frequency, ' a frequency 



4s "2 . 

or the oquipient vcic notc4 to be 3B$aeoilee10 i.e. the 
lociO uac nppUod 936 tioc in an hour. 

Four or more, until eoncictont- roinUtc yore 
obtaiaat, vro too to at 90, ao, 10 cin 60 poreont of ul mnto 
load ibooci a at 80 and, 40 poreont of oao level only to 
cipoeiteno each tiro toetot2 p Roacon being vor large r bor 
of ropotitionc nooded at lotlor etrooi-lovola cind etc* that 
the roculta obtain 	conoictont. The tocto t1oro 
continued till doer Lion oxea t in *Goo O 	ooimena 
tooted at 40 percent of ultimato otrongth *ho f lu ro 614 
not take piciec. The amber of repetitions eaudng first 
crack one complete dottietio of the poetmon roapoetivoly 
rio o noted, In case of eponinono tooted at 40 percent of 
ulthcit ottonth, tocto tore otoppod after ,c,p1ying 80,E 
ropo ttionc. Tho poeitona still cocured to be tmaftoctod  
and theco unbroken tpociQono oro toetod by the otcindord  
nothoti to find ultimate etrength and dotomtion character** 
.l o to a« In c co of toota a for c oed* to in rtuibor of 
load ropotittona Traci Co icirgo that the oquipuont ucod eould  
not ¶0rTt non stop. In ouch cocoa coo root tao giVGn to the 
motor and povor trap i ceioa oyatoit at outtablo inters, 
to avoid orheatit . Thtorz1upttonn inoludtn those duo 
to poror failure voro duly accounted for in soaking out 
:number of load ropotitiono coming oeor the coiono. 

Eiailcirly, 20 boa 	oeiiiono cro prepared and 
eurod in the manner dosaribod in £rt .4. Thoco toro aloe 
tooted under repeated loads at 	different otrocc4ovola 
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Ro oate t load tooto at ? po ont of u1tato 
strength took i oro than tuo dci bGcsut of toti froquor.  . v. 
of tho oqtdpont. - hu tit tho Ut20 then ropoatcd Coaling 
vas btGipO the poeitxnroom otpord to tho ato cphoro 
for about 3 do c o o? normal '7 days curing poi tod . To 
c 

 
oto4no the effect of We throo days' di o oir- 

6r 	o dummy apocinoric of peraiici eurLi eoiditiona 4. 
one in cam of compressionand otbdr in flozuro -  oro toatod  
for u3tiricto ottonth rni dofortmtion eharaetori &ttaa, 
Qiong 4th the unbrokon crnptoc tooted at 	Gpuredn3 

I] 



In the folioutrig paragraphs th rau1tc of verioua 
facto ocrrio oar 	 out hot  o boon proconto4 and alb end fir 
inforonco a d1 ceuoio6.  

Ao reported In Art,,4.S..i, facto to 6otort2aa the 
lil Y Unto rtroogth  of oetnona bz d 	poetod a nun r 
of i oc un or difforont eurtn eondttiono in ceareh for 

First of cli, in the first halt of Pobruari, o+ p4 

ro ocivo ut veil an fua1 atronjtb toots vera czrricd out 
vith the cpoeimona cured under moict mod, ocu1to arc 
given in tcibios 3.1 ci 8.2.  

':mom rocuita thoh fairly con rC o ant morn t u h on 
lover side. Copro ocive atrongth in 6 percent actmnt opoeion 
never toga soro than 4.366 «/cm (62.31 psi) sand in coca 
vith 8 poit cement it 4 4 not o ood v.826 .i 	(84.65 psi' 
18von 	 percent eozont vhi b vac concl4orod to be rather a 
high ecnont co-ntont for t o candy coil did not givo ctrcngth 
more than 1453 t/e (', 4,I pot) • Those vera rueh bolo  
oven the ordt na ly e,npoetod otrongth of 17.5 'f '`r m (280 p ) 
The flozux'al otr ngtb tooto aloe #ham r4z4lur trendo. All 
pocaibiiftioa ver y con ors . end it vac fouoi that the 
rca con for 1ev otrorR3th  vat 4uo to 1ev temperature of eurtn  
duo to covore vices, 



Then the unontine OIpOVn1VO Dtrongth toot  
upoeirOnc yore. again prepared and cured In the *von at at a 
conotant temperature of 40°C4, 
are reported In ablo5,3  

The ro 1 t s of thy .o apociixno 

The Thece rOOUltfl Om marinertia r In the otrongth 
nc eoparod to the rota contained in Table 5,1,, ctron th 
Going an high 00 *43 g/oi 29LR0 pot) in caco of 8 porcoit 
eor3ont opoeinenS and going upto 28*07 W+ 	(401 per.) in coso 
o f'10 percent toeLrnon. Boor, the re i to yore iery 
Bch tnco to nt. Zn coca of 8 percent 	eixnc a on!jtb 
varied from 8.24 1g/em2 R9." - pat) to 'L t7 a/ d(173.8Q p ) . 
Similarly$  other opocimenc shoved 4d2o variation to otronijth 
reits. The reacon cooG to be xoieture loco from difforont 
apocimoric, in a ar3rtng t o o, from the coo1od pol3rthono  
bagn at this toporturo. In coo cacec dropbotc of noisturo 
cononnd an the inoido of polytbono  bog iopor soma o3ocr.y 
vi ütblo• A ethos cause of voriotion in evaporation was the 
differing amount of Paco available trithtn the erwe3opo, 
boo vpooirncns very tightly encbod with the Vapor gust 
vrapping thy, othoro 	not. The opoetmone tbieh loot 
toi a tuo due to evaporation could not develop 	 l ctrentjtb  
die to full in m for cownt ratio. 

Then$  ' altos ' vo 1u c tried by eoatin the 
epoct ono VIM roeco befog rrapptng thea in po1ython  
Vapor# Only four opocinono oro tooted uor thOIO onrinj 
conditionc, the roodtc of btcb are gtvari in Table 5.4. 

Thoco 	 ,to though not co inconototont ac thoco 



reported In 'ablo 5.3 but atilt, are not comet etont. The 
difficulty of iaototure late though rctiftM to a large, 
o font but vaa ettfl pro cent. However#  the strength 
r000rdo8, t c fairly high, in i eaco going baby 21.00 lc ern2  
(300 p ) • Another difficulty v.th the oven rao that though 
f t tool coly a C n a.med a fairly constant to7norcturo of 
4000 but. In eato of per 3 roc -down thie temperature isould 
not be uaintai nod. April had reached by thi this time and 
at ocphorta tomporaturo tac al.eo tz rea . 	another 
attempt Mao made to ermine the cuecoes of ding In 
etutoephoric toporaturo. Renilto ago given in t o Tablo 5,5. 

Thoco rooul.to std that at thisc temperature of 
atn300phero opocimono Vero developing rea ble otrangth 
oonoictontly and it was decided that apocimono for further 
tocting idU be owed undermoist send. Uosover, as the 
further tøctin tine to ho carriofl out from April to Juno 
during Bch, the atmocpborto  t ornttu'o mc liiwoy to vat,  

and uo it uac felt nococcery that at the time of beginning  
the ropoated load tooting for a particular set of opocimonc, 
tso spec onC t412. be tooted for ultimate otrongtb each 
time wain and again. ThI c ñobo ox robereveals the 
otrong influence of curing tomporaturo on the strength atrength of 
coil*cornont, 

5 .3 

The repented otroac applicationo wore made idth 



different otr o o tovoln of 60, GO  70, 90 and 90 porcont 
of Choir u1ttzto otrtongthc, Proquoncof Jood epp3icuton 
UØ tho ofl,O In Oil CQCO0 L.n. 3.95 eo/ecia or 15..6 rpm. 
Tho nuQbor of repetitions roqutrod for do rtruetion or tho 

Demon to oceb coca ioa notod.Tho vato obtained oro 
p1ottod In figuro 5. Rouovor tho apeeiturn did not fall 
UOO? 50 percent otraco lov 1, tvon otter 50,,000 otrooc 
app cations after htob Ito ult&tmto ctrongthvac do r.. 
minces 

60341,  

In r1giro 6, n graph hau boon plotted: In uhieb 

tho for of ctrooa app cations have boon plotted on 
!..ode In log 0CQ1G and ern the X 	Z the d1 forout ttroan 
io o1 c on hieh the voriouc tors o tyaro aorriod out bQVQ 

boon plotted. 

idontl , tho nzubor of ropotitiono eauctn  
failure Is oro to coca at ioor otroos lovois as covipered  
to iigbor otroca loyal . The oorly trend of the curvo 
upto 70 percent ct-iecn level d000 not tndteote any  un opocifie 
rolationchip be won nunbor of bed appUen' ionc and the 
level of otro cc application. Ivor, there to otoop rice 
in the mbar of atroca opplieationc tckcn by  tho cpoetnmo 
boloi ?0 percent +Crow-tov l and 'bobott 40 poreont otreoc 
level the op tcoa eon tako indefinite aucibor of load 
appiLco io c,, Me no that iatovor be the amount of 
traffic, the call ct ont boca docignod for about double 



tho otrongth ro 'od In an n to fiztod oe ipro o ve otrongth  
test 4ii ''fro no ebo ao of ftflttro duo to fotigno. Thin 
roouit i.c in confori2ity tdth the nt1o' ozperionees on 
Como t eoneroto. oue+ or►, thio otud_y Is tnnaup1eto 
bo+ rat rnoay mriab1oa o., frequency of load oppUo tlon, 
OUL!ifl por od, typo of 1o5in., pooInon typo o; 	npo otc  
htwo not boon con otd o 

etroeo.ctriin roiotIonthipn bovo boon con stdorotq 
in cocoa of L o cpooiton cured for 7 days* u: on unbrokon 
opoo ion 2ieb toot 60,000 ropotittona at 40 percent owe** 

ate  

are plotted on X#aiv od otr00000 	' o is. (Eoe ;a. `) 

in co 1. the strain rioted In nub higher than 
the fllo4ni tto - ca cc Bch ciozmc that the strength hop 
iriorocced'4th ago In the coci ` nc of Cd vij and " 
Aix intorocting thing to be notod In that the strcIn in 
Coco of the opooi on thich bed tattoo 60,000 ropotitionc 
of 40 porcont stress mmo l0000.r than the day spooinori  
of the c, o ago o ml n meano that nposted load application 
has inaroesod the ntrongth at the spocinon at this st 'o cc 
level vii.  4 percent. This Is a curious phenoaerion i4iah  
hood to be studied Sher. 000 of the possible oplsimtioo 
is that roarronoront of particles takes ploco during 

repetitions. of stresses as is the pose in ciaplo call 



opocimoflai Totovo, oiriilar conc1uiorz aa driwn by then 
and 4itchflU aoo in their otudiec. 

All the three egos ero oteeper in the beginning, 
than they become flatter. In the end there is sudden spurt 
in the stain duo to Incipient failure of the bonded material,, 
This can be erpldned boowso the rata of Strain will 
progrGBDlV013r decrease as the load increases. 

In 'lgn'o 6 a graph to plotted tho7ing the relationm 
ip bean nuTbor of otroso applications saucing foiluro 

and stress levels to brie out the ett ct of stress appll o 
ction on the flozu.rai strength* Uabor of etrocoappticotiono 
are plotted on Y»a t. (lag - .scale) and stress levels are 
plotted on Xcii c. 

As in case of a pr esivo strength toots nuctbor of 
repetitionsrepetitIons aausing failure is acre in case of 3.o or strosa  
levels a + +mere to higher F5ilOVOlG, }iotever, the 
trend Of the. curve in this ea 53 Is definite. It .s flat 
at low 00 	0 and bee no progress ly steep as the 
stresn- ovel reduceS. Veer Leh more 	bor of stress** 
applications can be taton at f or streaal0voln as compared 
to higher ,  roco*leek, in this ease oven at 	percent 
Ctrsos-level the specimen does not fail as ga avt 40 porcont 
in ease of comprosoivo strengthcpocitwn. It a that 
the opoetraons at fIotturo can stand the be Baas levels In 
a sitatty better my. 
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in Caw of fiozu ni strong tots 	le ] ttort 
V/c f1ex rni ctrength rolnttns yore con de d • Three 
porc iol Ca m ac reported in ±t 5..2 very considered In 
this enco aico. Tho only difference being that to Cam 
unbroken cpoetzaens tooi 50,000 repetitions at 50 percent stress 
ievet ► Thom Mattonchipo sre plotted in tgure a. 

in cam L the strain noted is nuch much higher then the 
foUcndn two cacoc web oonttc the earlier result that 
the' ren tb (flozural in this case) increases with age. 

As i onto Of COprOCOLve strengthmo ee nc$ the i~ae a co 

in strength  o 	Demon to notod due to repented stress 
ppltentionn. This increase ±s rather oro pronounced in 

this ease duo to on .derablo difforoneo in the ultinato 
strengths of the apoctions in eneec 1L and 	, Also this 
increase in strength hasta1on place oven at 60 percent of 
s oso4 ovel. This ouriouc phenomenon though is in line. 
With the results obtained in an olio orlior studl, needs father 



Temperature of curing has a veal. offeet on the 
care t -devoid on in coii-eoinnt both in a proosivo 
no yo U 	flexural etrongtb.. 

. 	4oittw,c loocon during curies drastically affects 
" ho etOngth of coil mont epecintans. 

• ELlcoent opecinton gain in strength considerably 
with age of curing. In ease of a proneive ctrengtb spoei 
tnon ,, ton days  6aa strength ties 39 percent I4gMz than coven 
days strength 	 roc In case of e° ral strength, the 
gain in strength was 43 percent in ease of ceeinons cured 
for ton days as eiprod to those cured for coven days 
( r for specific curing conditions) . . 

41. 	Both flozuz'al and caiproecivo stresses applied 
repeatedly adversely o.t`toct the strength of soil-cement 
spociniena at higher stress levels. 

5. 	At logs values of repetitive stresses the strength 
values Of coft ant opecinieno chotis a definite nereaco 
after 50,000 o pUUoot on of etrascea. Zn *ace or 
compressive strength,  V iln a did not occur at roponted  
stresses equal 	percent of ultimate strength, hercma 
In case of flexural test, the specimen did not fall oven 
tiith 50 percent of ulttmat strength applied 50,000 times. 
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The effo or potitt!o .iod ngon eopxoccivo 
otrogth t o not condctont theroac in etso of fiozural  
Otrontth it eonei otOnti7 inerocs it io c ooc levolo. 

70 	Th no tion bot con appUe ctrocc (flexural') 
and vurnbor of load ropetitiono .  (log- 	o) to not 11noQr 

o in the 003 of COs 	o. ;fovor, tho gonoral boliof 
that eonoroto can tc1O un itod nuibor of food oppUc tiono 
It titreco to not o* in 50 porcont of ultinoto otrontth  
may bo eonoidorod oppitooble in t Coco of fl o Ont oito  
In the light of this ;tit t . 
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flOD8 OP CURIO 	 or oiot cone 
T 49 OP 11ZE 	 - 	Piro iooo of Pobuty 

I  

2 

3 

4 

5 

57,92 
61323 

.15 
02.37 
57.92 

4.05 
3,59 
4.21 
4.3? 
4.05 

22 49,00 3.43 

39 84.65 SAM 
2 36 80.19   5.61 

3 32 71,27 4*99 
4 33 73.50 6.16 
6 38 84,66 5.93  
6 35 77.% 8.84 

1 48 106.9 7,49 
2 102.4 .1? 

Q\No 	3 46 *4 1.11 
.-~ 	4 4! 93.33 6.»63 

a 45 2004 1,00 

4, 	6 4? 204*7 7.34  
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TABLE 5.2 

FLEXURAL STRENGTH TEST RESULTS 

MODE OF CURING 	 - Under moist sand 

TIME OF TEST 	 - Second week of February 

Cement Specimen Reading on proving Modulus. of Rupture= 
Content Numberr ring dial (Division) r 

1 Division = 7 lbs.--  p si Kgm/cni 

1 18 42.00 2.94 

2 16 37.33 2.61 

C) 3 15 35.00 2.45 
Cl) 

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 

chi 3 28 65.33 4.57 
V 

0 4 28 65.33 4.57 

00  5 27 63.00 4.41 

6 26 60.67 4.25 

1 29 67.67 4.74 

2 31 72.33 5.06 

0) 3 32 74.67 5.23 
0 ti 
a 4 33 77.00 5.39 

5 31 72.33 5.06 

6 30 70.00 4.90 
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TIME OP MET 	 Mrst vook of Ranh 

Coraont contoAt 8poe1uoA 
DiMbor 

18 113.80 12.1? 

2 40 89.10 6.24 

3 70 155.90 10491 

: 
4 48 

I 

106.90 7.48 
- 	rL:_ - 

1 125 -. 	2",40 
.._ 

19.49 
C 

2 95 289.30 13.75 

3 102 7.20 15.90 

4 131 291,80 20,43 

1 1 93 207.10 1.50 

2 180 401,0 20,01 

3 10 267.30 18.71 
-7 iir-  rrrs. 

1ir '-•i 
4 
r-* 	ri 

130 
m-i 111 rp 	rni 

299.30 
Urr 1'1 

20.25 
L 



W 	3 	tt 	 e 	r ~•c 	a 	~! 4~ o 	r~ 	f¢ 

!I 

Conant0+ zc" 	dial► eau o 	 `1'=A' "i 
Contont 	Zbo 	roiding 	 pot 	Its a/ ►` 

42 	 320,,30 	22.1.4 

US 	 367,30 	22.71 

3 	135 	 300.1010 

4. 	14 	 329,70 	21.52 

T IVIS OP TEErIUG 	 cO of Of Aril 

Ccz ortt" 	p &1Ae A  1 Cantant 	'umber 	al cease  
z 

	

31.6.3 	22.14 
2 	146 
3 	13 	 302.9 	21.20 

 13 	 07.4  

326.3 
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