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SYNOPSLS

Mm securate pradiction of Rigid Pavemeat behaviour mnder static loads
1y {wportsat from thelr design polnt of view, Wodel experiments can be emp~

loyed to arrive at sueh objectives.

The presest izvestigations wevre carriad out on a rigid pevenent model
designed and constructed in the laboratory for the purpose of studylng the
stress digtridution pattern on the pavewent due to static loads plased at
three oritical posttions. The sodel Gonsigted of soil subgrade (with Tubber
solutioa binder) snd Bakelite pavemest. The gaze were adopted after a few

trials with other materials.

The test ressits revealed that the Westorgsard®s theorstical analysis
ks spplicabie in case of pavements of this typs. (ut of the three critical
loading positions, edge loading is important sud produces the suxiaum critical
stresses on thAe pavement, when consideriag zo temperature gradisnt aed sled ig
in contact with gubgrade.

The nodified eupf rical equatica has been developed for clitical distavce
in case of éarner looding which is

L

x = 2.2 (a, 1)

| § 1
Charts have bees developed on the basis of acdel tests to ghow Lhe stress

i case of three critical Isad positions for different I/a ratios. These
charts cover most of cases of pavemeats geserally met in the field. (lesce

they ars very useful from pavescat design polot of view.

o At W
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THEY OF HODELS AND ITS APPLICAT IO IN RIGID PAVEIENT DESIGN




l. ANIRODOCTION

Veri fication of cumbarsome squations with cuxder of variables becocas
vory difficult ssd eostly in prototype alads, Therefore, it becomes sasential
to check or te verify the ecquations by model tests. Very little work has been

done fin this divestion,

It was therefore propossd to irvestigate by model tests the application

of the Usstergaard's equaticas,

Exparinesis carried out fa the past wers based on completely elastic
sapport, As the sil ig semi~-slastic ia nature it {a proposed to favestigate
a uix design to similate the flield conditions by varioua trisl and ervor

matdods.

Also, the model pavesents used in previcus tests wars not satisfectory.

A mitadle pavewent matarial was proposed for iavestigation,

No investigator has determined stressecs for all the three critical posi-
tioan, This was found to he sssentisl and all the three locationy sre propoged

%0 ba tried,

The fleld tests, besides balng costly sad capbersome, have got many draw-
backs. The sodulny of subgrade reastica of the mibgrade changes with the chage
in the poigturs content, Once the pavement is lald, gae have to depend on the
previous tests for the value of *k*. The temperature stresses, Now-s0-ever mall
they may be, cat ot De avoided. Nodalg oa the other hand ars free from thess-
defecty, Once we employ them for determiming the critical stress dee to gtatiec
loads they ave sure to iadicate the gtatie load stresses oaly.




It ig very difficult to obtain repressutative value of gurface gtraicg in
case of prototyps slabs becauge of ity non~homogetasusy chav cterigticy. Wdelg
on the otherkand are free from this drawback also end 1f a sultable material is

chogen for pavemsht, it will give the most repregeatative value of sarface stralag

SCOPE OF PIESENT STIDIES.

The pregent gtudieg of model. dexls sth the miperigental detovmina-
tion of straing and hence strenses in the model slab: due to the three oritical
loadings when the pavement is cospletely mupported by subgrede f.e, for no wEp~
ing conditions. The object of much studies iy to iovestigate the pattern of
stress distribution over the pavemeat due to wheel loads of varying iatansity,

Previ gous reports on sich testy fodicate that the critical gtresses doeg
uot vary much due to the change in the shape of the contact arsa md therefors

eircular sontact areas were chosen foi the preseat uwuugtﬁou.

A wide range of contaot arsas wan adopied for the present iavestigationa
to sovey mogt of the prototyps alabg and cogtact ares ugually met with, Thug
the regulty of preseat larestigations becoze lwportant fyom practical poiat of
view. |

A attempt has been mpde to corvelate the axpsrimental siresses with the
theoratical stress caleulated by Nestergaard's analysis.




3.
SEVIER AND NECESSITY OF THE PMRESENT INVESTIGAT IONS.




2. TIERY OF MODELS A ITS APPLICATIQN IN RIGID PAVEMENP DESIGN

2.1. GEMERAL

Engineering probleas may be broadly divided inte following thres
groupg i=
(a) Problews which can be saslly solved by the direct application of
“well knowa laws based on equi librium or other condition of gtate.
(b) Problems whlch require & sathematicaily cumbersome solation becsuge
of their complex mature snd involving & tnuaber of vaviadles.
(¢) Problams for which tke application of well koown geusral laws 1s yet

anknows and asalytical selution ig mot available,

Probleas of first group creste 8o difficulty so far thelr golution iy
concerned. But problemg of latter two groups are difficult to solve and fn order
0 get at a guick solution, medel studies are usmally recommended. Dased om these
aodel test results snnlysed with the Relp of certais rules, the sslution of a

problem becomes sasler.

2.2, DEFINITION AN) TYPES OF HODELS 3

A model 13 ugnally defined as a device which i35 30 related to &
physical gystes that the observations made on the model may ba usad to pradict
atcurately the performance of the physical gystea in the desived respect. The
physical system for which the predictions are to De made is called a "Prototype”.

The hebaviour of & prototyps canm be predicted with the Relp of sore thaa’
one type of model but often only ene type of model is best suited for predicting




.tln required characteristica of a prototyps. Umally a cholce {5 aade owt of
the followizg four types of models

(a) True models.

(b) Adequate models.

{e) Distertad models.
sad  (d) Oisslailar sodels,

{a) 1rne Lodely :

True models are sodels 1n which all «dgnificant characteristios of
the prototype are faltdfully reproduced to scale, 1a addition to being geome~
trically similar to the prototype, the model must satisfy other restrictions
introduced by the design conditions., In general it may be used to obtain data
sultabie for predicting characteristios rolsted Lo those for which it was
designed.

(b) Adequate Models :

They are just sifficient o predict only one characteristic of
prototype for witich they arve degigned and msy ot yield sacurate predictioss
of other characterigtics.

(¢) Distorted Models

Becange of certaln restrictions introduced i the comstructioa of
wodels, it may mot be pogsible to follow & unlform seale throughout and & dige
tortion becumen necessary, resulting ia digtorted modals. A model of River iy
usnally df storted because the depth scale oculd sot be kept the gase ag the
leagth and breadth scale and x0 on,

(d) Disginilar Nodely s
Tagrbear no sppgrent rossmblaznce to the pretotype but through suitable
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anologles, they can be used to predict accurately the babgviour of prototype.
Sespage net of Dan Section is usually dekermined by electirical analogy aethod
and 1g an sxasple of di ssiwilar model,

2.3, DESIGN AMD ANALYSIS OF MWDELS :

Design and Arslysis of modelg £3 bazed on the theory of sieflitude.
Theory of similitude includes a constidaration of the coaditions under which the
behaviouy of two atperate entities or systemy will be aimilar, and the techai mes

of sccurately predictiag remits on the one from observatioas oa the other,

Theory of siellitude i developed by dimensionnl aunalysis, Dimeasional
analysis on the othar hand is developed from & cosgideration of dimengiong
in whtich cach of the pertiment quantities invelved in & phnﬁuuon ig expressed,
Dimeasional analysis 14 based on the follewing two axioms that ars inberems

ia our methods of measurensat and eveluation of quantities,

AXION 1.  Abgolwts muserios] squality of quantities may exist omly whea the
quantities are similar qualitatively,

That is, & general relationship may be egtablished Betwedn two quantitiesz only

whes the two quantities have the sanze dimensions, For example, a anmity

that ig weasured in teras of force can be equal only to a guantity that iz evalu-

ated in terms of force, and can 0ot be egual to a guastity having dimeasions o

length, time, mass, velocity or aaytRing elgze exoept force,

AXION II. The ratie of the magnitudes of two like quantities is indepent of )
the unity used in their seasgirenesnt. med that the same unitsg are uped for
evaluating each.

For example, the ratio of the length of a table to ita width ia the aaae,




T

regardless of whether the dimenglons sre aessursd la inches, fect or meters,

Dimensionsl anslysis, developed from these two axians, differs from other
types of analyis in that it is based solely on the relationghips that sust exigt
among the pertiasst variables becauge of their diwensions instead of Meing baged
on flowton's Laws of #otfon or other go-called satural laws. In itself, ddmene
sional amalysiy gives qualitativa rather thaa quantitative relatiosships, but
when combined siith experimental procedures ft may be mads to sapply guaatitative

results and accurate prediation equations,

Rigid Pavement models may be developed on the basig of the above
theory is a manner described below :~

Ike object of pareseat medels £ the presest cape is to study the pattems
of stress digtribution over a pavessst due to the static load digtributed in the
form of eircular contact areas of diffavent sizes placed at three differens
eritical positions,

[n ordar that the vegults of medel tests may be amployed to predict thy
bahsviour of pﬁtntypo slabs, Wegstergaard®y theorstical approach may be taken
42 the Dasig Lor the design of Pavexent models. Far the parposes of siwulatia
of the medel with the prototype, the follewiog basio aswutions of Westeryaard®y
theory may be considered and the model may be developad accordingly.

(a) The Swbe-grade congisty of & Bomogensoug material suiform in character
and provide: unl fare mpport to the slsd vesting over i, '
(b) The glah consigty of a howogeneens, fsotrapie, slastioc materisl of
waiform thickness,
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(¢) The critical stragses rexain within the elagtic llaits of both the

slab and the gubgrads.
(d) The slab ig infinite in horizontal extent.
(¢) The depth of the subgrade 1s fnfinite,

¥egtergaard (4) introduced @ quantity desoted by *1* in M3 analysis. He

stated z-

“ A certaio quaatity which iz a measure of the stiffiess of the slab rela-~
tive to that of the sibgrade octurs repastedly in the analysis. It is of
the nature of a linear dimenglon, like, for exmaple, the radius of gﬂﬂmou.1
It will Do called the radiug of relative stiffasss, Desnoted by 1, it is
axpressed by the formla

i - f Bia

12(1=- 2% )&

where E is the moduluy of elasticity of the cosorete, and ¢ i3 Polgson's
Ratio of lsteral expangion to lsmgi tudisal Shortening.®

This quantity I thus can be taken an the basls for expressing the other
terug in the dimeasional analysis. Asmming a baixio relaticaship

1
RS W

a &
where | = yadiug of welative gtiffaess of prototype.

& = ryadlug of eircular loaded arey corrsspondiag to prototype.

(and the gquantities exprossed by Jubgoript w are the corresgpending quantities
for medel.)

‘.‘ lm‘h ml‘ a = ‘-"L"" Y] (2’

s

Now o8 the bagl a of relationship (1) ather relatioaships say be developed
as iadieated below @

CEBNR LOOING

wostergasrd (4) gave the following equation for the determinstion of




3.

aaximum gtress at the corser @

3¢ | a ‘/é 06 .
[1- 0:6] @

( e )
1
whers 4 = Jload on the foot print.
] = glab thickness.
a = Rapdiug of footprint,
1 = Radiua of velative gtlffness of xlab.

Ia the shove equation e assaned that tha loading fs sgymmetrical gbout
the diagomal bisector of the corner angle and that the critical coxnsr stress
occurs in the top of tha slad alosg the diagonal bigector and acts in 3 direction

parallel to the diagomal bi sector.

The dlstance 5 from the oorner, at which the mgximum stregs otcury
is glven dy
y =28 abt . @

st Oov by the cTitical corner styess obasrved in the model, then frow

" the equation (3) we get ¢

3P /2
JTem = -—E.—i- [l - (?-——- 'G‘ﬁj sabnae &)
b ba
Using the relatlonship 1) and diwlding (3) by (5)
3
T P
C_" = 5 T XYY swdpad (6’
Gom p- ']

Ay Gim o By and By for the model is known, the givesa o2 in the

]
prototype of thickaess/due to wkesl lead P can be sasily determised,
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EDGE LOADING :
Regtorgpard (5) equation fer saxisum edge atress is

3
e m SW(LeSen) B 1og (BR Hyaon .. @
: Por eigeten e @
shers 4 = Polsson's ration of conorete or pavenest material,
b = Redius of equivalent distribution of pressure, I is exoressed
by equations b = (}.6 a? +a® )’i ={},675 8 when

8 < .74 M
b = a when R > l.T24 b

asd the othsy terna Dave thelr ususl meaming.

lat oew be the critical Bige strass observed laaua model slsb then ,

Bk
fe = Gin Ph.g (1 + 54 M) 10 pY = . (8)
B e sesm) B, &,
|
1qﬁ(-—-—-f -0071
" ko be

end may be uged to obtain the vylueg of critical edge-stregses by
model Tests. |

INIERIR LOADING.

Nestergaard’ s equation (3) for criticel interior load stress s
givez by the relativaship
3

. P KA
0 = (.21 (1+ } - ] (---T-)
ot A 32 Wm kb

Using the sae method ag £m other cases, the critical interier stresses

6 say be calenlated from the relationship




1 i
v m (im -——--!—-:p..2 SA“"’—_ ogm kD .8
Pl'h (I #/ ) 1w _ _
e

baged o2 the obsexved stresteg G v in the oodel,

'Y {9)




i,

3. REVIEN A® NECRSSITY OF PRESENT INVESTIGATION
. GRIBRAL ¢

Comeal suncreie Noad came into exi gtence with the inaeption of
sntemodiles 12 the sarly ysars of twemsieth cestery, Sinoe then » number of
favestigatiens Rave devoted themaelvey to iwprove thejr degigns and mathods
of eonstyugtioa, The short of space and the objective of the problem hers
may sot permit am socoust of wll of them but it wlll sot be cut of plece to men~
tion heve a fow of them whose works and/or theories have been in wide wie even

md‘,.
3.2, DR, 0., WESTERGAMD ¢

Westergaard, begieing in 1925, published a series of articles e the
theorstical analysis of condrete pavementy alubg that has largely been accepted
&8 fundamental . fs propogated a theoty commonly krows as "Thick Liquid Subgrede
Theory™. Ia hig assumptions, ke considered th; subgrade consisting of o material
similar to thick liquid. Purther he assamed the pavaaent to be gimilar to a
thin plate of homegensous, isetropic, elustio solid material in equilibrisam,
Thess assuapiions lead him %o assums ageln thst the veaction of the qubgrade i
vertical and ig proportiomal to the deflection of She glab, Thug the amalysts
was reduced to a predles of the Mathematical theory of Elasticity, lle Sotroduced
two Rew fastors *k* and *1° defined (4) ag "wedulug of mbgrade reaction™ and
“radiug of velative stiffuess” in bis amalysis. Formulee wive given by hin
for caleulatiag the stressas and deflectloag produced by thres aritical loading
pegitions,




E.F. Kelley (9), banud oa the mxperimental results of Arlimgton tesgts,
revided the corner loed forculs as

L] aP [l-‘.’/i ) ] [ YTYEY) ‘l)

The above theory of tastergaard has certain drawbacks which in shors are

as follews i~

(2) The theory fs Dased on the assumptionns that may not ba jugtified in
sl) ol reumgtances.

(b) Setondary stresses caused by texparature gradisnts or other causes,
which may be much wore severs then ihat are dus to wheel loads
(epeciully in thick alabe) have beun iguored ia the derivations of
the formine,

(0) The stressss produded in the subgrade hat xot been caléunlated and
£t bas besn aasmed that the gubgrade has its effect ox the stressen
fa the concrete only, [ some casas the nrtnil produced ia b~

grade uight well exceed the sirsngth of the soll.

3.3, AJdl.A. P0G AD DL, BAL, 3

liogg and Hall came formaxd in the year 1938 with a sew conception of
pavemeat design. Thelr theories (10,12 asd 1)) assumen the wbgrade ﬂﬂhr to
a8 slastic golid and paveasnt like » thin plate of hosogenscun, Asotropic, elastic

waterial.

St Lo, PALER AD E.S. BAIERL

Paloer and Darber's twe layer theory (14) gave an approximate formula




for the vertical elastic diplassaent at the surfage of subdgrade and pavemest, |

Os gave the finsl formula for the di ppleaement at the surface of the pavesent, A

A
A - &L“. " T YTY ] sRdsde ( 2)
4 »
|
wiere r; f3 a diplacesemt fastor givea by

"

- Ea—} +:31...' ‘3)
! &

] {(aa-i- pl (;;.ﬂ,‘l

3.5. D, BIRBISIER.

© Buraiater (13) analysed the mtresses asd straing in a two-layered
systen, oconsiating of an elastio glab, fafinite in the dorigontal plase only,
placed oa a smi-infinite solld of lower modulas of elastiofity. This systea ig
dafng mbjected to o uniformly digiridbuted loed acting over a clrcular ares and
applied to the upper surface of the glab, The relation used for findlog out
the vertical elastio dieplacemest (o) 4t the surface is gives by him as

follows t»
A= ..l.,iﬂ..', F sesan T1 {4 }
lz bd

Were P, 1s & digplacenent factor which can be dotermised from the charty
supplied by Ma,

Bursd gsovyq theory ie algo not freem from the defects and ome canm mot

depend spon Ml g analysig because of the following reagoang -
(a) No accsust hag been taken for the non-slastic behaviour of matertials.

(® By liniting the dlsplecenent he has assumed the failure to be depende-




due to excessive stresses producad becauge of the di splacement,
() Effect of Traffic intensity and consolidation dus to the traffic
has beca igsovred.

3.6, GERALD PIQMRTT 3

Pickett (i6) In the year 196] publi shed a nugber of influence charty
baged on Westergaards liquid subgrade theovy and fogg and Hall's elastic solid
gubgrade theory, Mith the help of these charts, deflections and stresses cas be
dnterained 33 s point ofer the slab due to any type of load over the pavamest
Hs alad gave a senisnpivical formula for datermining she sireasss in a pavesent
dae to civoulaxy load at its cormer, Thls forwuls is ac followy 13-

. Jaf}
G m 13_:._ [ l = ‘ ; o ] senses (3)
32 0,92 + 0,22 ¥/1

for protected aorpers he suggested a reduction of 20% strasser as calculated|

by the above fowmula,
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NEL TESTS

Although full gcale model tests were carried out by many ioves-
tigators like E.F. Kelley, Teller and Sutherland etc, in the past, the nead
and fmportance of small scale model tests of pavements were not fully reld sed
in thoss days. Thus only a few investigators have divertaed thejr attention
to such tests. Following paragraphs indlcate the type of work done in this

coanection.,

3.0, F.0. WLLINGER AND P.E, CARLTON:

Me  Melllinger and Cariton (1) comducted the wodel testa to determine
the possibility of spplication of wodels to desiga studies of conorete mirfield
pavemsats. They usad Weste¥gaaTd's analyais in their fnvestigations. They
tested the models for vary high preasures in the corresponding prototypes (50 -
Kips on single wheel and 100 Kips on dusl wheeln). Effect of sultiple sheel
loading was studied nnil curves were drawa for converting uhiplc wheel loadiag
into an equivalent gingle wheal load,

The model was prepared out of natuval rubber subgrads (size 24" x 24" x 2"
deap) and Rydrostons gypsum coxeat wortar pavement (gize 15* x 15 x 1/8" thick).
~ In order to measure stressss in the glab, AT type S~2-4 bonded resl stance wire
straia gauges were used.

Saximum stresses for both isterior and edge loadings were determined for
& wide range of foot-print radil snd were compared with the theorstical results
obtaf sed By Westergsard's squations. As reported ia the paper, the Tesulty




obtained were quite soaparable within the limits of experimental error.

nith the help of the wultiple sheel logd tests, strasies in the pavonsnt
were determined and them covverted 1nto an eguivalent siagie wheel load Raving
a constant coatact avem. Thus, this indicates the possibility of basing the
design and evaluation of airfield pavements oa a zingle equivalent oheel load

having a coastant grea .

3,9, A.C, WHIFFIN :

A.C. Whiffin (17) ia his tests maintained the mechanical properties
of coagrete used fn nodel slabs fdentical to those of prototype sighs by proe
viding big sige slabs. The value of moduiii of the gubgrade reactios were also

ssie for model as well as prototype.

The seale of the model was kept congtant for length, breadth and thickness
of the slab aad thus the stresses wore [a lmverse propartica to the square of

slad thickness,

The shape of contact area mas similar to the prototyps and dimengions
were proportional to the relative thickomzaes of the wodel and Full sixe slabg
(i.0. ta the scale facror),

Tests were carried out with three di fferest scalest models viy, full sixe,
helf sige and ove third sixe model slabs, by choosing prototype slabs of diffeveat

thickneassas.

The whesl Ioad 'P wms changed for each slab but the Inteagity of wheol.
lead pressure was kept congtant by changing the contact area accordiag to the

scale ratio,
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g
fle states "It i3 desived that the stresses iaduced in the model glab
shall not exceed those in the full size slab by more than 10X and the dinﬂhnt.!oT
of stress shall not depart from Srue scaled values by wore thas 10% . the acale

factors used sust 2ot be less then those sumuariged in Table below " ¢

Moionun seale factor to

Quantity Notes a'h ba ased at valus of &k
| , of 1001bg/ ™ Tuplba/™®
Stresses due to Hiolsum scale factor 1 0.92 0.61
faterior loading varies with a/k and & 067 o Q.33
0.50 0.4 0,49
Stresses due to  Minimum scale factor ) | 0.49 .68
corner loadiog  varfes wdth a/b aud k 0.67 0.15 (.53

0.50 N lower liait 0,33

Radiug of relative Independamt of
stiffnesn o/h and k D.68

Di stance along bi-

sector of corser Independent of

angle 10 point of /b and & 0.33
saxisus stress

wader corser loading

Je10. PP, CARLION AND RUTD! ¥, DEDRAANN @

Cariton and Dehrmaan (2, 3) in thelr investigations used models
sloflar to thoee used {n previocus studies as veportad by Nelliaghrand Carlton (1)
The liydro Stoms wm-m‘“ Slab of sige 157 x 13" 2 0.125" was uisd over the
matural rubber subgrads of 24™ x 24" x 12" thick. The physical quantities like
1, k, E and AL for the model were datermined and then Edge and Corner iresses
ware deternined by using R4 electrical strain gauges,

Tuo types of foot prints wers usad by them in their fnvestigations (2,

vis, circular and elliptical, Different giges of contact areas wore used to




19.

caver a wide range of arnnz ratio whioh {ncludes mogt pretotype conditions,

They observed that in case of sdge the variation in aaxious observed
sivasses was of the order of 10 to 12 & froa the theoretical gtresses. Bus in

the case of corner the stresses wers 63X to 75% as grwat as those detersined

from Negtergaard's aquatiocayg.

A goad aggrentat was cbtsined Datomen the model and the theory witd Teg
peat t0 the location of the aexizum stress along the corser diagonal for comter

loadings.

At wan reported 1o the paper, "The shaps of the loaded arss, whether
clrcular or slliptical has Mitle effecs on the pavenent giresa for a given Value
of area / la. atusily, the shape of the foot print result io les: than 5%
varigtion i stress . Siace prototype footpeint ghapes are sotually mocewkere
between being circular or elliptical, the average data obteined from circular
and elliptical loydings can be applied to prototype adth negligible error®.

They concluded that the maximum sorner stress is only 433 to 33% of the

saximem edge stress.

They extended the model studiey om prestressed rigid pavements for alr-
flelds (3).

The same type of subgrade was used aa reported in previous studiag. The
slads wers made out of ilydrostone gypma cezent of cixe 16,6” x 16.6% x 0.2°
thick. The slabs were prestrassed longitudisally and trasversely by tensloned
muglc niveg positioned at the nestral axi s of sach «lgd, Based on previoua Sests
ot the teugfoning of wive, ia the slad the wires of 0.02" Dlometer were tengloned
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by means of 73 Ihs. load which gave an faitial tenglon of 239,000 psl abows &5
of the vitimate tengile strenghd of the nixre, The wires were Haced & 04"
centre to cestre asd this devaloped a maximum tensile gtress of 60D pai ia modeld
slabs,

Yarions wixes of foor prists (circular as well aa elliptical) were used
to logd the tast glaby, For seamuring stralas la the kest alabs, electrical strain
greges (Type A7, Med) were used, Deflections wore meagured with the help of
dial gauges reading direst to 0.000]1 inches,

In ordsr to determine the met amount of prestress deveioped in the alab,

SE=4 ganges ware wousted prior to the release of wires,

Crack pattera development was studied by loading the test slads with lxcress
sing amouwaty of loads. It was observed that the develepmeat of ovatks was almost
radial in nstare and orlginated from the bottoa side of the alab uader the |
seatre of the loaded ares. Frior to complete faflure, oracking was confined te
the botton side of the prestrasced glabs.

Bath sdge aad isterior loadicgs revegled ikat prestressing in the sleb
pervitieod thes to gugtain greater loads whens subjected to isterior loadiage
as coupated to leadiags at a free sdge.

Por losdings beyond she elastic Tange, greater deflectiony wers observed
1a the plain slabs thad fn pregivessed slady subjected to the asme loading.
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' N

3,

4.

NECR MRESE DES.

In the previousg model tests, the subgrads used was of rubber which was
perfestly elastic in saturs. However, the snbgrade in ths (leld i3

di fferent and bas viseo-glagtic propertiss, Thas she pravicus lnveptigs-
tioas wers 2ot much of help to pradiot the bebaviour of prototypes fa
the fiald. Rence ia the preseat favestigations, an sttampt was made to
sloulate the flald conditions by uaing a subyrade gimilar to ocae usually
aveilable $n the field,

The modaly were either too Dig aml when small, cement martay u;ﬁi‘ih
the reqult thut the slab thiciknegs conld be 0.2" of the cexent mortar.
Such slabs are bound to develop hair sracks and hence affecting the Sext
vegulte. Dakelite sheet ugad iz present iavestigation elmingted the
question of hair aracks In model pavameat,

Simultanecns weasuroment of gtraing for she three critical pesitions of
load was not done 30 far and hence the sane wan propossd in the pressat

investigasions,

Redial strains along perpendicular to the sdge (in case of adge~leading)

wore nol seasured. The saze has begn done in present case.
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‘. RESIGN. A0 CONSTRUCTION OF SODEL.

4.1, GENERAL

Preseat lavestigations wore carried out on a sxall scale RIGID PAVENENT
MDRL, degigned and aonstructed in the Bighway Bugineeriag Laboratory of the
(miversity of Boorkes. A general view of the medel is skow in Fig. 16. The
desiga of the sodel mas compleated 1n twe stages viz., 1) Denign of model preper,
sad £1) Ingtrusentation of the model.

4.2, OBSIGN OF MODRL ¢

The model propar congl ats of the follewl ng componenty :
Reaction Deam,
Subgrade Material,
Subgrade mould,

Pavemsent .

4.3, REACTION BEAN MSIGS

In order that the load may be convenlently applied So the foot~
priat avea without disgturbing the system, & Temction Deaw (Ses Fig. 1 and 3)
was degigned wad prapared in the lgboratory, The maln coagiderations in its
degigh ware :
(*) It skould de light 1= weicht (as far as possidle).
{(B) It should be strong enough to withstend the saount of losd exdected
to be tramsferred threugh it during testing.
{6) It sugt da capadle of applying the vertical loada to the reguirsd




23,

1
P2y (o)
0% 054y Ly,

ot - a-macm:

?I

l

ASSEMBLED VIEW op THE

° ‘ REACTION BEAM, .
- T )
‘ | :,% dh,
o
- '
1 - 15 Cma. -
a PoRTioM EngE .
‘ ‘ 2 5taie hm R E Ty
| . [ H — 2L - 4
g & :
= 1# 1 - B _ . ':?'
; EaN
2 §l'\ | = .
._E, nfe L : .77 LB kZtm ] i
al |l ¥ 0 6A% .
W YV oa LTAILS ., 3 Cm-& « o I
9 Q | - - | E
o ; \
‘ C g o !
al ‘ " S .
' - B & Cms - : - g
. - . Tide W G
‘ ASemie 28Cm +be 2.8Em Sl15 CLmie = B ;
° - L o e 03gem R |
l" ‘ ( Bum b --Mbhn] 5 5 £ : <+ .
C @ Q 9 k e ¢ = v v
‘i P « B T & !
- L P = oG )
m*‘- #l = ! o
NLio ‘::Ej ' Iz ! r%l::
bef t o1, lawmal B LD R
w = 238fn " 0235¢m [ s
DETAILS oF 1 DETAILS o+ 2 3 4
FIe 1.
DL FA- 3 o r.«f.v!.f_nk:_\_{.-hb.n rAaLTtom F(ﬂ RIG!D PAVEMENT MODEL
o Tor e on | Tt sl - P ACTION B
[ nree v D .J Kik I_J' "i LEN.TH n.--_mf\._:...:u_»ﬂ N DE.TA'LS OF REACT'ON BEAM
s ' P L Lo PRE Y o b ¢ M - —
2 AL MINIIIM £ 5 AL e 2s6 ' s v o im DL SIGNLDAND DRAWH| ARPROVE D .
3 MLl TLEL FEAT N w' inyg 5'510‘4”"-». C L. Sarar | f({”’ wu/o"
4 oLl sfkel W ND | B 0D 8 Snomon L .
o AL AR TR W r o we uk Lom 24 Nba ! P G (rGHwAY S) I N
B ) EN VAR ; , . . | 196V - b2 .
& 1 s s Loovs [0 s tm DA 1 NeL DRWG. No. RB-1.  |[DRAWINGS NOT 10 SlALE
i wASHL RS | l b l




1G.2—- CALIBRATION OF REACTION
5L AN

FAG.3— AVIEW OF FHE ASSEMBLED
REACTION BEAAN AND

W r= o 'S




sixe foot prints (saallest as well as biggest),
(d) Its construction should be simple and easily aanzgeable withia ths
linits of the faollities avellgdle.

Keeping all the above factors o mind, a reaction bess was designed, the
details of which are chown in Flgurs 1. Langth of the besa waa fixed from the
coasiderationg of the sige of smbgrade and the positios of the supsorts were
fixed wn considerations of the rigidyyof Mage points and aaxiava coverage of
the test area by the besa, It vas wade out of Alunfisium astal strips. The totsl
weight of the bean was sbout 400 gna.

4.4, CALIDR/ARLON OF REACRLON DEAT

Neglesting the self weight of the bean sad the frictfon at the hinge
point, & theerctical relationship msy be sstablighed between the agplied losd
A e g Wat the end B of the Bean AB and the resulting reaction

]

;"'-_—"L”" It A8 = oa

A = L (leagth of Bean)
Taking moment about the pofnt A and applyiny the general conditiong of squili~
briua,

{f: _a __{ 1} R at @ Gue to the load W, as follows :

AC. R = A8, L .
or R.a « W, L er R - Ul - N *ee )

In order to cheek the validity of above relaticn, an gotual test was
carriod out with the help of an arrangesent showm in Plg. 2 . The load & (any)
was put on the load pan at the end B and the reaction R at the polot C was

directly determised With the help of the balanoe as shows in figure. The point
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C wan chosen at differeat placea like /3, /2, 2(/3 from A and B wms deternined
theoretically as well as mxperimentaliy. The agresment batwean the two vaiueg
wos excelient and 3¢ was fonnd that for loads wore than 200 gus st the end B
(leve W 2> 200 gas ) the effect Sue to friotion at the Ainge A wes alsost
segligible (within 1 0.2% naxinum).

Thuy, relatioa (1)} was ugsed ia the farther lavestigaticos for tae purpose

of calouleting the Rasction 8.

4.5, INVESTIGATIONS POR SUDGRADR MATEAIAL.

The cholos of & proper sabgrade saterial depetds wpon maay factors,
the most imporiant of which pre 3

{a) Uniforaity in character,

(b) Hgteriul to resemble the sesieglegtic and other proparties widely
obtained in soils,

(¢) The Phycicai properties and sime 0f the pavement,

(d) ELasily workedle.

(o) Less Hability of I1ts getting affected by westher conditions like
temperature and hunddity,

In cass of thiy model studiss the valus of 1/a way taken &s constant to
tompare with the prototype conditions, fHlence , thes value of 1 was defined @2
the basig of scale rotio. This vylue of 1 depend on the values of €, 4 and
ks The material chosen for the model sled way proposed to be bakelite or
perspax because of the rangany axplained later. Tke volus of E and ¢ for
bakelite or perspex uzed 15 5 fixed quantity and hesoe the K valae of the sud=
grade had to fall witdin & certain yange. To achieve this type of subgrade and
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slso to satizfy the faotory mentioned above different materials wers investigated,
They ave given below . |
1)  Cork (Graded) with Gftumen sadfor Gubber Solution as bicder.
11) Tlemp with Bftanen asd/or Rubber goluticn as dinder end sand or lime
as filler.
fil) sSuad (graded as well ag ungraded) with Rubder Solution ss binder,
iv) Sand (graded) with Roorkee Soil (sieved) with Rubber solution as
biader,

v) Hoorkeo soll with Rubber solution as bhinder.

For the purpose of proparing samples, in general a 4" (10.16 cn) diazeter
sonld was uged and the weight of material was kept congtant In each type of
uix, used. The compection of she sscples in most of the cases was done with
the help of stasdard hammer welghing B¢ ibg, (about 2.5 kgm) and Byving a total
fall of 12" (30.40 cw).

In order to gat an fdes of the xx Kk value of & parVicular type of nix,

Ioad, defleotion tests were carried out 0a sach sawple, ﬁc. 4 ghows the geaeral
arvasgeaest sade for testing each saaple in the lgboratory., All the tezta were
carrisd ous by joading the samples w«ith the Jelp of 3* dismeter contgct area
placed cesterly over the geciaen and loaded from the top by means of resotion
beas upto 8 kgn load in wost of the cases. TRe sotilement of the contact ares
or bearing plate was weasured with the help of two dial gasuges (reading upte
0.01 mm.) placed diasstrically opposite, Wodulus of subgrade reactios 12 kg
| per ca? per ca of deflection was Shen dstermined in sach case for each sample.
Tha valusg are sunnariged ia Todle 4.13.




FlG &4 - DETERMINATION OF k' VALUE
FOR SAMPLES OF SUBGRADE
MATERIAL.

FIG.5 - MECHANICAL MIXER




To arvive at ax gpproxivwate value of k, the values detersined for o3ch
sample for 2% disseter plate were sooverted fnto values corregponding to besring
plate of X™ disaetar. The relationskip may be derived on the busis of Dr.

1.3, Hastergaard®s conception of modules of subgrade reaction k and D.1.0uralstef
analysis of deflection ia layersd systems as follows :

Ihe value of k, accordiog to Dr. H.M. Westergaard mey be expressed ap 4

K o o Load spplied to Lhe sple.
Area of contact plate x deflestlion of plate,
= -—-P-_ - -L- “senas csssne +1]
A=A D

Also sceording te D.2. Duval gter,

By

[ L XY ] LEI RN (31

whers 4 = yertical di gplatencot (ous)

P = contact pressure (kg emd)

P = Total load (Rgms.)

“3 = Radius of costact plate (ans.)

By = iodulus of Elasticity of bottoa layer (subgradel (Xgn./ca’)
= Di gplacewent faotor,

Thus, froa () w get,

X
L w2 » N (From 2.)
4 1.48 a F,

B
or &k = ——d__ 2

1.0 0, '




Beiog a gingle layer zystem in the preseat case, ¥, =1 and therefors,

S T P SUUE TR S “
1.18 ‘ [ X X )

For o particulat type of seil, the walue of E, 1s constant snd thug
the quantity within brackess on the vight of squation (4} s constant for &

particular type of soil and may be substituted by & consteat C. The relatlonghip
(4) thes assumes the form :

or [ 4 —— ssmepe *esrens (5)

Based on the above logleal formsia the k  valus of 30° dismeter plats will
bs 1/15 tices the corregponding value for 2% dismeter plate, The wvalues for
30* digueter plate sre gives iz Col, 9 of Table 4.13.

In all, 32 diffarent typas of saples were pragared snd tested fn the
ladoratory as briefly desaribed above. Although the limited space here may
oot pernit a detolled accouns of each sauple tested, s brief dasoription of thew
way be given us follows

COBK SAMFLRS 3

Threas coxk samplas were preparsd by adepriag the grading shown in
Table 4,1, dalow i~

TOE Al GUDIN OF CBK ©
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THL L RGO COK_(Q)

Sieve Slge.

A

Percentage of totdy Amouat 18 (guy taken
Prssing from i'““"‘ o :_ weight. ‘;'Ior sach saaple,

" o - 83 a8

K® - ye" 15 18

¥e* ¥ 10 10

L - -} 2
Total | 100

- The coangtituonts of each of the sampleg wire as follows @

TASLE 4.2, CHRK _SANPIKS _(CONSTIYOENES)

X g, of Cark X us. of nubberX we. of BitueX Compaotion by (5% Ing.

Saxple Mo iun(m L wolutton X wen G/d0) {- 13* fall) hemner ia
1% gy X (pug) X (gag) 1% of blows.
1. 100,00 150,00 - 130 in one layer
2. 100,00 100.00 50.00 150 1n one layer
3. 50.00 80.00 13.5 150 in one layer

g, & shows the appearunce of a compusted sarple se well s of the un-
compaoted material. The test regults ave sumaariged in Teble 4.13.
TERP SAUMES 4
Hep samples wera prepared by aixing Resp and binder. To achieve
through adxing, the hemp was cat isto saall pleces (about 3 to 4 ca. long).

e

® Ss Lpendix B, for specifications of thhy agterial.
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The congtituents of sach sample are showa in Table 4.3. baluw ¢

TABLE 4.3. HENP  SALPLES COVSTITIENTS,
X X X X
} X X Wt of x 5%, of Flilers. y sompgotion by 3¢ Lbs.
Ssaple x Wt. of x WS, of x Bitunen) samd pa=X Lime pad
No. X Heawp x Bubber x (30/40) Xssing u.snﬂng X 12" fall hasmer,
A dg2a) x soluticy (gms.) X sleve NoX U.S.si-X (mo. of blowa).
4. 100.00 50.0 50.0 - - Total 200 i{n Two lu.r‘n
8. 100.00 1I30.0 - - - Total 200 in Two layers.
é. 100,00 1.0 3.0 - - Total 200 in Two layll‘l.
7. 100.00 100.0 12.5 - - Total 200 $a Two layers.
8. 100.00 130.0 - - - Total 200 {n Two layers.
10. 100,00 15040 - 80.0 - Total 230 1n Two layers.
11. -‘m.m 15000 - - 5000 Total m in Two l".r.t

Fig. 7 shows the appesrasce of compacted speciaen alosg with the uncoapacted
aaterial. The test reqults ave sumaarised in Table 4.13.

4.6, SOIL SAUPLE

A soil sasple (saxple !, 9) wams prepared by mixiog 100 gus of
Roorkes soil (as aveilable) with 1250 gas of Rubber solution and 10U 6.8, of
Petrol (Thinner). The mix was compacted under 20 blows of the 54ibs. homner
in two lgyers. T2ls gave s saxple of very high k valus as can be seen fron th

test results shown in Table 4.13.

4.7. 35A0 SAWPLES (Ungraded)

Ungraded sand sazples were prepgred as follows :




TASIR 4.4. UNGRADED SAND SANPLES = (CONSTITUENTS)

X I'to ﬂf

S-Pl'-m' 50—1 P80 'lm ‘ghﬁr m.c““i
12 1000 ught. tesping by meang of an lyon rod
In three layexs.
13 1000 - 30 - pPpo—
14 30 230 100 — Pe —
34 00 Cement PO 373 by S%ib. 12" fall hammer given 25 blu+
S0 o, - in Total.

19 1000 Cement P00 130 Total blows of 5¢1b 12% fall hasmer
50 gu. .35 1a twwo layers.

The followiag grading weas sdopted for preparing the ssmples of this

group.
TARLE 4.5. NMRSE iy )] (sl)

i

-m‘“ Slee 2 Si— - i of Total weight : Mmount of ssch
Passing from j Retained on j i porrtl’g La 1000 gus
No. 8 No. 16 % 30
Ko, 36 No. 30 % X%
Nae 30 e 50 | K. 20
No. 50 No. 1600 10 _ 100
fo.100 Nos 200 10 100

Total 100 1000




Tha goastituents of sachk of the samples were ax follows 1=

Table Mo, 4,6 CORSE GRAED SAD SAIWPLES (Congtituentsy)

X X X X :
ut, of ut. of Ca=’ Wy, of Cozpactioa by stendard 5§ lbs.
Swple Moo X gand's) Xumeat p200 X mupner X 227 fall baseer,

i_(g“.) _i (Qus.) i&luuu.i

15 1000 %0 130 10 blows to first layer and
35 blows to second layer.
16 1000 S0 1% Light temping in two layers.

Test results ave shown in Tayble 4.13.

4,9. SKD SO[L SAPLES.

The congtituents of Ahias greup of rauples wers as indicated Delow 3

Table No» 4.7.  SAM + SOIL SAPIES  (Constituents)

Rubber X

seni X
suple Mooy vgy Ywil  Kpao X wlutton X Compastion,
- | { (E!’! X (9.'0). 1 (@'l) ,m!.) 1
18 500 800 5 1% by 5% 1b. 12° fall
(P 49 banaer in two layers
20 500 500 % 130 sach given 15 dlows of

L)) haaney,

The test raguits gre ghowe in Tedle 4.13.

4.1 0 JENE GRAED _SAY SAUPR
The following gradiag was used to prepare saoples of Shis growp.
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TABR 4.8, DENSE GRADED SAD (82_)

jove 3 i— ) i I Asgunt of each
Passing from X netatosd on X X :.1:::' i”".::;- in 1000 gas,

¥4 o, 4 18 150

Mo, 4 Y. O 5 30
o, B Mae 16 10 100
No, 16 M. 30 15 130
Moo X0 No. 50 3 50

No. 50 No. 100 20 200
Ne.l100 No. 200 10 100
Total jm | 1000

P

Sazple Mo. 22 wat prepared by uging 1000 gus. of sand 59 (Table 4.0)
and 40 gns. of cement (P 200) bimded by 130 gus. of Rubber Selution, The
coupaction of the sampel wes ag for sazple No. ]6 atd the test results are shown
in Tuble 4.13.

4.11. ROOUER SOIL SAWUSS
Roorkae Sail Sample weras prepared as follows ¢

THIE 4.9  RORKER 50IL SAIPIES (CONSTITIRERIS)

X weightlof egterialla each 1

Material s p v ot
—_ Sttt
foorkee PloeR 0 - 0 53 100
sil
(sieved) P3RS0 - 400 30 900

PSSO R 100 - 560 395 -
P4 RO 1,000 - - -

Contdee. 037




1.“. ‘.9. ‘m‘d‘ . o)

ek X2 X 5 X 4 A 8

Rubbey Bolution, 13 15 148 13.
1bg.

?;;:ﬁozg:yﬁﬁd ' Compaction fa two layers each given

Ronner. 13  blom of the hammer,

o —

for test results plesse refer tadle 4.13.

Saxple o, 20 gave the k value of a.687 kw.'aa witich was within
the range required for testing. Mereover it produced homogesteous, 1sotroplo
mase of s0il and rubber adhesive Beving desirable recovery.

Te obtain the further specifications for quality coatyol in the prepara~
tioa of gabgrade sore sasples (Mo, 26 te 32 were prepated with alight modifl-

cations as gives below 2~

m" No, *

The econatituents of this gample were as foliows :

1. Coarss sand (5;) (Table 4.9) 500 gms.

2., Roorkas Sofl (PR 2N €U.5, Sleve) 500 gms.
3, Cenent ( p 200) 2 gms.
4. Rubder Solutioa. 130 gus.

The cowpaction wes done as usual By 30 Blowg of hamser, Bafore testing, ity
bulk density was detevmined and found out te be 1,83 gme/o.c. Table 4.13

shows the sest Tesits of the sowple.

Sample Mo, .




Sample No. 27,

This sample was, agaia prepared out of A 50% sand sl (Tadle 4.5)
sgd 30X sell (& 00), To check the speraestage of each sixe of their gradient
pressat in the susple, the sample (1000 gmn.) was sieved. The resulis were

at follows &=

IANE 4,10, \/ Y SAD + s
W“ - | i_? .:;l::ﬂ.::.ﬂi- i X of total weight
flo 4 fo. 0 132.0 1.2
l'h-l 8 %, 16 169.0 16.9
.16 fo. %0 157.0 18.7
N30 Noe 50 269.0 2.9
No.50 fo.100 | 290.0 2.0
fo.100 %0 « 200 86,0 0.8
No.200 - .0 ss

Toral 1000.00 100,00

The sarple was mixed with 130 gms of Rubbar selution sad was coapgoted
by the staadard hamzer giving 30 blows in two layers,

The Bulk diudty of the uix was 1.5 ga/c.c,  The other tust results
are shown fa Teble 4.13. '

SAIPLE No. 20 and 29.

The mechanical analysis of the sand + Seil etx (30X each) used
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for preparing thege saples was a3 showm below !

TASLE. 4.11. MECHANICAL ANALYSIS OF SAD & SOIL MIXTIRE.

Py Retained on _;

ssing from X poﬂ.iu} ia_ X weight.
. 4 M. 8 11.0 W
No. 0 Nos 16 169.0 16.9
. 16 Mos 30 135.0 1B
e %0 No. 30 202.0 2.2
No. 50 0,100 20  H
o+ 200 No., 20D 91.0 91

0. 200 . — 1.0 3.1
Total 1000.0 100,0

for sample No. 23, 130 ¢gmn. of rubber wolution was wted while for Na. 2
200 gms of solution was used with 1000 gms, of 30il sand afxture in each case.
The coupaction was done by GY 1bs, 12" fall hamuer in two layera (15 blows

psr  laysr)
The density soalysis showed @
Bulk density of sauple 20 1.37 ome/0.0.
Dalk density of sample 29 1.31 gas/c.c.

The other test Tesults are showt in Tadle 4.13.

SAPLEs %0, 31 and %2

An can be seent from Teble 4013, the tast results of samples 26 to 29
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were not unifora. Further tests were therafore Recessary in order to odteis
better control over the uaiforaity of the tabgrade material. Keeping the other
factors constant compaction was varied 2a esch sample and its offect over

bulk denstty and 'k* volue was studied. The Sest results wers aa follows 1~

TAUE 4.12, 340 S0IL SAWPLES (CONPARISONY)

sample X Compactiba by standard 541X Dulk demsity X K value (Theoretical)

No. X hamuer 12* fall, { gs/0.6, % dorrespording to 30 plate,
4__ .
X  Ia one layer with 30 blows 1.38 0.713
31  In two layers sack I3 blows 1.57 ' 1.100
32  1In tw layers esch 5 diows 1.35 ' 0.749
N.G. For preparing each ssuples 1000 gas. of mixture was mixed with

150 gue. of Rubber golution,
The properties of finally selested agterfal were found to be gisdlar %o
that of sample No. 32, For grading of the material refer Appendix A at the
eadoaf  Fig. 8 chows the appearance of compacted sanples.

4.12. 0EZSIGN OF SUOGRAE KOULD.

Subgrade of the model pavoment was prepared iz a mould., Thls
mould facilitated the compaction of pubgrade suderial during 1ts preparstioa,
®viously, the sould was designed to be mble to take the cospasting loads without
the wolls giving way. The detolls of the sudgrade movld are showm in Drawing
No. 8G2(Mg. 10)» Fig. 3 shows the subgrade mould alosg with the reastion
besa §n the initial stape before fililag the mould with the subgrade materfal,
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A detachable bottom made out of lasimated wooden planks wan provided 3o that
mould may De taken out leaving the subgrade in positioa if requirved .,

4,13, PREPARATION OF SUBGRADR.

At mentioned earlier, the material for prepaving subyrade consisted of
sasd, Roorkee Soll and Rubber Solation,

As it was decidad to Bave the subgrade similar ts Sasple No. 32, the
quantities of materfale required for the construstion of TT em x 77 ¢m x 30 cw.
thick wbgrade were calculated and ,re given in table Mo, d.]4. The quantitiag
thows in Table Mo, 4.14 inciude an auoumét of aboud 10% for the wastage of
material during wixing aod handling. N

TAME, 4.14, QUANLITIRS OF émmmﬂrs UKD FR IREPRING

i 1
MaterislX  Properties of material’ :1:::' f Total quastity requived
_ L b L %:l _

sad P 6 R16 18 6.0
Plé6 & 3 13 4.0

P30 RS 1p 3.0

3% R0 S 1%.0

Fl00 B0 5 15.0

Rooxkee P 4 R200 , 30 130.0
tatl Totel. 100 300.0

The lagredieats sfter aleving seperataly wers welghed and them wixad
together throughly . Thres sasples wore thes takes out of the henp and sieved.
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The average of this ciove aualysia 13 shown in mpendix A,

In order to obtain usdlform compaction, ths subgrade was prepared in
layers as wys done during sewple testing. b apyroximate thickaess of 2.0 ema,
for sach layer was adopted . The materialg were mixed. is a mechanical wixar
(sae Mg, 5) olding a charge of © Kgn. gand soil and 1.35 kom Rubdar solutios,
Table 4&.15 ehows the yotoal quantities of materials used in sach layer of sub.

grade prepared.
TAOE 4,15, QUANRITIES OF WATERIALS WSED IN KACH LAYER OF SUBGRAR.
LI

tayer . L Sandesail, ‘i Rubber solut- ;(lu the exd of odepaction

1. % 5,40 1.9 4.8

2, » 5.8 3.7 9.4

3, 3 5.40 5.5 14.0

4, 3% 5.40 6.0 17.3

5. 3% 5.8 S X .6

6. 3 5.6 10.6 X

M atempt was made to achieve & Gompaction similar to that of sasple

No. 32, snd the number of blews of the standard hasmer to be clril to the subyrade

wmre calculated on the basis of tho exposed ares of the sample for purposes of
compaction. Table 4,16 shows the auaber of blows given to esch layer and the
regults of bore hole tests. The test sawples were obtalned by mesny of »

cork horer (See Fig., 9) and density was detarnined for each of them by wercury
4l plecomeat aethod. In order to avoid wesk spots formed by the reaoval of
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eaterial from varicus polats, the Sest holes were gtaggard as siomn in Fig. 11,

Each hole was filled back by the same type of material bafore laying the next
layar.

TALE 4,16 tafls of gotion and bors hole tests,

{ tusber of Xore hole  Xwarage DensityX mversge Density

X »} t 1 X X
la . wy of steast sample of bore hole 2 of the layer in
- " minations)
1 1.42
1. 1,424 2 1.8 1.41
3 1,36
2 152 3 1.39
3 1.43 1.8
6 LS
4 144
& 1,165 8 1.44 ¥ 1
9 1.53
10 1.38
4. 630 i 1.42 1.41
i2 1.42
13 1.33
5. 550 14 1.35 1.4
15 1,33
. 16 1.33
6. $00 17 139 B 11
18 . 1.68

The top mogt layer was finished mwooth to provide a unifors contact

for pavemant.




4.

4.]4 DESIGN OF PARIEND SLAS,

The considerations while undertaking the design of pavemeat siad

wre . o5 follows 1«

£)  The slab mugt coagisgt of homogensouy, 1sotropie, elastic material.

§1) It ougt be less sumoeptible to temperature sud humidity chasges.

$11) The modulug of elasticity should be such that the dimensions of
the slab are nefther too large nor too mmall. (Soale rativ 1y
dependeat on *1* value and 1 is dependent on £, refer Chapter 2 ).

Kseping the sbhove comsiderativns in mind two waterials vis. perspex and
Bakelite wers chogean for preliminary fuvestigations and the vylees of moduluy
of elagticity were daternined by boan test loaded gt the centre. The sverige
valus of modulil of elasticity 'B* obtained at tha room tamparsture {(about

€°C ) were as follows :=

1.  DBakelits =] m’ kﬂuz
2. Perpex 3 = 2 x 10 kga/es?

Besed on the above approximate values of K the dimesgions of an infinice
sled wure calculated into cases aud 1t wag found that with the avalilable thick-
neas of parspex shest, the disensions of the glzd become too waall and the
ingtruentation will becoms difficult. [eace Dakelite was chogea for the sodel
paveaent giab,

A slab of the sige 3001 x 33 cn was takan for preliwloary {ovestigatioas
{the thickasay of such slad was D,7885 cm). It was locded cesteelly by a

5 kom load over coatact ares of 2 cm. dlosater and it wes found that the sprecd
of deflection in the pavement was just withis the disesaslons of the slad and

Nence thia sigs was adopted.




INSTRIENT AT ION AND TEST I PROCEDIRE




Jade  GRAERAL ¢

Proper Inqtruneatation of the model i4 2ecengary for measurmnest of
Sirains and deflections of ths pavement slad due to atatie loads, Por MM par-
pote, the complete Instromentation of She model may be divided iate tde following
Sonponent g,
1. BEQUIREENTS FOR IEASIREIENT OF DEFLECTION ¢
() Preper loading dewice Gapable of Srancmitting the required lead
sver the ;u_tuﬁt.
(b) Coutast sress or foot priats of requived size which are loaded
Shrough loading device and which would tyanmais the saae to the
pavemsnt,
(0) Datum fraue for fixing the dial gauges.
(d) D1al gauges of vequired sensitivity o vecord the deflections of

the paveaeny at varicug polaty,

2. REQUIRKMENTS FIR [EASIREIENT OF STRAINS:
(a) Proper loading devisa to load the pavement,
(d) Foot prists of proper siyes.
(0) Electrical strain = gauges to measuve the strains of the pavesaut.
(d) stralw Isdioator to Tecord the strains directly, along with the
ceanection walts,

8.2, Readtion Beam aa described sarlier was used ag the loading devies for
traagmitting the required load through the footepriut to the pavesest.(Ses Fig.3.)
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a3 Circulayr contuct areas tere used in the present iavastigations.

Tho tizas of the foot prints were fixed on the Dasis such that the tost rosnics
obtained froa them may cover the ehxtira range of prototyps conditions.The "'sisns
of tho foot priusts used wers 0.9 &3, 1.0 3, , 2.0 &%y 3.0 ey 4.0 o, Se0iCn,,
6.0 C3 and 7.0 ¢2, , in dlamotar.

8.4, Beeplng in view the aixe of dial gauges avellable, it was not possible
to kecp thea clozer than 8 ¢n, cantrTe to cestre. Thus except for interior loading
ehera the deflsction contours axd cireslsr, the defiocti:n oeosurenents for
other loadings were aoil possible. In the caze of interlor loadlng advantage o
riotty was taken and the dial gauges ware staggatd to be able to measure the
dafloctions at 2 e3. spart, Uith this object in view the datuy fraio was chosen
ou% of a heuvy 1.5, Flat (See Fig. 14 ) . Supported on the subgrade nould and

secured fn position by oceans of heavy wmeight as showm.

5.5, The dial gauges capable of readfng dirvect upso (.0l =3 wore chosen
for the purpose and in all 6 Dial Gouges wers usad to msasure the deflection due
to inverior leapding (soe fig. 1.

8,6. The sase reattion bean was uned as o loxd dransfer device rbijle

weacuring strafins (see Flig, 1 and 3),

5'?' ml’GUIﬂr edntact areas of ﬂﬂl of Oaﬁ ca, 1.0 cn, 2.0 v e Y 3.0 ta,,
4.0 e3., 5.0 ca, 040 ¢ and 7.0 ot dianoter wers uged,through =ich the load

was tranglorred to the povesaat,

$.8. Blectrical strain gauges wore used to measure the struins in the

pavexcat alab, The caallest stge avallable in the market was chozen 85 that the
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uﬂm sumber of gauges may be fixed in the aveilable ares.

The posttions of the gauges fixed are shomm in Fige 12, shile flxing the

gauge advantage of symaetry was takea sometimes asd the gauges wore staggard Ia

ovder tossasure the straing mors clossly. Fig. 16 shows the strain-gauges in

position along with the wiring system msed. The specifications of the guuge used

were as followy 1

()
(b)
()
{d)
(o)
n

500.

used.

(a)
(b)

{¢c)

mke Rodit & Co, Roorkee,
Type Flat, donded wire.

Siem of grid  About 12,0 mm (X" long.
size of Gauges 24 &3 x 10 om.

Gsuge factor 2.9% %

Resistance (varied for different gauges)

1)  For gauges No. 1 to 21 (except No. 3G 5 ) TS D 05% ovms
1) For gauges No. 3 and 5 ' %01 05% °
134) For gauges No. §  snd 20 A 6.5 2 0.5% *
iv) For gauges No. 22 to 33 : 1160+ 0.5% *
v)  For gauges No, 34 to 42 115.5 3 Q..’r%l .
vl) For gauges Mo, 43 to 40 : 7.0 05% *

To record the sirains, a highly precise straia indicator Bridge was
The gecifications of mitich were :

Mzke Hugqenberger, Zirich.

Type Tepic {ndicator Type I T1i (Fortable transistor [ligh
precision straia fadicator for static ard dyaasic numraemfs.

Calibrations : Stralas in § alcrosuaits,
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§.9.

In ovdar to make the test procedurs sasier an additionsl unit "Teplc

Compengator™ was used along with the indiaator (See Fig. 7) ‘. This vnit
facilitated the coomestion of 12 = strain gauges which mlil then be read simule

taneougly by seans of a change over kuod a3 shown in the above sentioned figure.

TESTING PAOCEDIRE ,

Dr. H.H. Yestergaard in M e theoretical snalysis of stresses 1n concrets

pavemeats (4) has meatfoned three Cases which ave of parsioular intevest for

ealculating she oritical stresses. lle Ktated i~

* Ia case I » whesl load achs olose to a Tectargular corner of a large
pane] of the slab, This load teads to prodwae a corner break, The erisical
stress 9 g teaston av the sSop of the slab. The resultant pregsure 1
asaumed to be on the bigector of the right asgle of the corner at the snall
digtance a from exth of She two iotersecting edgest the distance from the
corner, acoordingly is ey a %./3 , fa case LI the wheel load L

at a considevable dlatance from the edges. The pretsure fa assumed to be
di stributed usiformly ovor the ares of a swall circle with radias o, The
crisical tension oocurs at the bostom of the slgd undsr the centre of the
oircle. In case I11 the wheel ioed 18 ot the edge, but at a oonzideradle
distance from auy coruer, The pressuve 1y assumed ta he distributed
usiforaly over the arss of a ssall sesicircle with the centre at the edge
and with vadlus 5 . The critical stress iy g tension gt the bottom under
ths oastre of the oircle *.

In the pressat {avestigations, the same three aritical load positions have

been invastigated,

The preaseat series of Tests conzisted of the follomings @
{a) Subgrade Investigations &
1) Iavestigation: for the proper type of oaterial (already discussed
1in the previcus chgtar).
11) Tests for the gradiog and desgity ete. of subgrade smterial
{already done {n previous chapter,)
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151) Daterainasion of modulus of subgrade resction,
(h) Paveazent iavestigations
1) Destersination of the modulus of elasticity and pol sso8t ¢ ratio
of the pavencnt material,
§1) strain distribution pattern op the pavesent due to sheel Joada
placed at various positions. o
DEITERHINATION OF TIR BCDULPS of SUDGRAOE RRACTEION 'K°,

L.%. Teller and Karl G_. Sutheriand (.7) have suggested shree methods
for determination of the modulus of subgrade raaction which fo short ara as
follows =

i) toad dlsplacenent tests ¢ In which loads are apailed at the oenmire o?
rigid efrcular plates of relatively small sige, the preasure istena-
gty an the soil belng unlform over She sntire arsa of tha plate. In
these tasts the applied load, the maan vertisal plate diaplam‘ent
sud usdnlly the tise intervals are measured.

11) Llowd diplacesens or Joad defisction tests in which the loed is
lppuiﬂ at the cestre of slightly flexible rectasgular or circular b
piatag of relatively large dimeasions, In this cate sone besding of
the plate (or siad) occurs mad the pressure iateaxity under the plate
13 got uniform throughout the avea of its conkack with the sofl.

The load, the vertical displacensnt of varicus poiats throughout

the avea of the plate and possidly tiae jstervals are measured.

$14) ilond-deflsction tests o8 full size paveaent slads in with the
load deflsction dats are odiained hy messurceent and used in Wester-
gaard's deflection forsulae to provide o value for the modulus of

gadgrade veaotion *k*.
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Gut of the above three asthods mentioned Mo. seocnd ooe was found do be
@most suitadle for the preseat case and the modulug of subgrade reaction for the
inhqhde ws ievestigated by tho mothod (1i) out lined ahove. Ths pavesent
slab was usad as a flexible plate (guare shupe) and the defisctiocns of the
plate at various points wera determined. Figure 14 shows the general arrangement
of the apparatus for this purposs, Figurs 13 thows the defleotion eontours and
caleulations. The valug of *k* has deen dutovalned s followy t«

Modulun of subgrade di placenent
(1] & £
Volume of the subgrade ¢l laced dus to the applied load

"
¥

shere ¥ = Total load in Kgms.
¥ = Voluge of wubgrade displaced in co.

In all elght sesn of obgervations were aade to determine the *k* value gud
the calculgsions similor to those shoms La fig. 13 were made for sach obmuuoﬂ
A average of these was thea taken as the °*k* value of subgrade which was 1.5 Kg-f

ﬂs « The other velues were within 1 2% of this average value,

DETERMINAIION OF B AND AU OF PAVLIENT NATERIAL I.2, DAKCLITR.

The £ and U values of the Bakelite were deterained 1n the lsberatory
by & beau tett on the material. For $2ls purpase s test beaa 33 cu loag and
2,527 ca wide was preparcd out the sa2e material as used ia paveasnt, TRis Ddad
a thicknugs of 0,7666 ca, This Deom was gimply supported (see fig. 19) between

two pointy 32 ca. spart. It was load at two points (emch O om. from the polng
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FIG. t4.- AN ARRANGE MENT MADE
FOR PAVEMENT DEFLECTION
MEASURE MENTS. |

F1G. 15- BEAM TEST FOR ' m
VALUES OF BAKELITE.
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of support) ead 1ts defleations at the ceatre were measured by a direct reeding
digl gauge of semsitivity 0.0l ms. with the help of these load d=sflcotion dota

obtained, the E value was deterained by the formula

el

4 I ¥

wiere & = podulas of elasticity of the usterial of basn in sz
4 = load in Kgu st each point,
L = £ Tetal length of Bema in Cus, &3 Gase in preseat case).
 {

= Deflections at the ceostre of beam dus to load 4 (Cig.)

For getting ~  value, two strain gauges (elecirical) ware pasted (one
on eack side of boan) at the centre of hegn. The 6 loap strain gauge was pasted
in the longltudimal direction asd %* strabagenge was pasted In the transveras
dirsction to awasure the strains in the corresponding divestion., The Polgson's
ratio . wasthem deternined as follows 3 -

Un n te tion,
Laiv strala in longitudinal divection.

M o=

The average of 9 observatfong for each gave the followdng resulta :

E = 0a#x10® oy

M o= P32

N.B. The experiments were carriad out at the room temperature of aa° Ce
MEASIREENT OF SIRAINS ON 7B PAWLENTS.

As desoribed earlier, to get the strains on the pavement surface 50




FlG 16~ POSITIONS OF STRAIN GAUGES

WirH WIRING SYs7rL&mM
CUSED.

FI1G. I7- AN ARRANGE MENT MADE FOR
INTERIOR LOADING TEST.

CTEPIC INDICATIRE CaMPENSATIR)
OMN THE RiIGervr .
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straia gauges were enployed (See Fig. 12) with the kalp of these strain gauges,
Stralss were recorded due to a load of 5 Kgn. aotiag over the foot prints, Dats

weTe obtained for straina for the following cases !

1) load of S Kgn. actiag on feot prinis of O differemt sizes (0.5 cu,
1D cu, 20w to 8 ss. diameter) placed at the interior of slad
seperately, |

2 Siatlar dats when the load was acting at the edge of the slab,

3) Slallar dats when the load was soting at the corner of the slab.

peadix C, D 3ad £ show the Typical data sheets for the thrao di ffereat
cases of loading, (Xher data were recorded siol larly.

Figures 17, 10 and 19 show the geueral arrangesents made during the

abgervations for strain meamivements at three di fferent oritical poattions,
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6. OF_JESTS AD (% _OF TEST RRSULTS.

6.1. CUWRA, CHDITIONS DORIY: TESTING.

Ap attept was aade to obtafn 5 full smbgrade support during testing
20 that the resuitas obtained may be comparsd with the thsorstical values, based
on Wastergaard®s anplysise. For this purpose, the top of the subgrade was finl shed|
wooth and a very thia layer of ’md (fine) was uged to fiil up say irregularitiesi
Ia order %o prevent the lifting of the pavement during loading, lead cubes of 20m.
sixe were digtributed uaifornly over the eatire pavenent, Thus, basides acting
25 & provesting device for the liftiog of pavesent, it aluo helped 1n simalating
the field conditiong.

The model slad used duriag the texts was thian and thersfore so watping
due vo difference in top and botiom texperatuves San be axpected, ioveaver the
model wes tested under voof. However, a minute change ia 'B* value of the pave-
aeat material may resalt due to varfations in teapevature of bakelite shect used
on pavemcay, Thus, the tests wers adjusted in sueh periods during whizh the
tewparature variation was minimum and sloge to that at whieh the 'E' value of
paveucat mgterial was detarnined for the purpane of ealeulations. The midimun
texperature duriag the tests wms adout 33°C and miniwua wasdout 2°C, The
aveTads room temperature at which the *E* value of pavesent material was detery
mined wes about 30°C .  The Polason’y ratio of the bakelite used was alse tested
at this taperature.

The madulug of subgrade reaction §.a. *k* value changes in tho field with

ths chasgs of mof sturs costest, In the praset iavestigstions, the subgrade




&2,

was preparsd out of sach materials which aleslinated this factor. Henes a sonstent
*k* value of Q.144 x 10‘ Wm’ {(doternined by loading the paveacat) was
assuaed to be anintyined in all the tests.

6.2, LUMTAIONS IN WERVALLNS,

The deflactions of tho pavezont were acasured ouly In the cess of
intexior logding, Fox thin purpoge direct reading disl gauges having least coust
of Q.01 sm. were snployed, By reading %o the noarsst half u division the obger~
vation were recorded witkin a variation of ¥ 0,008 mm. The cixe of the dial
geauges did not pexmis to record the deflections, nearast than 0 ca. ceatrs to
gentre but by staggering then, observations eould be aede @ 4 ca. centre to
centre fo case of iaterior loading., /0 arrasgeient giclilar to one shoom ia
Fige 5 was nade sepatately o record the deflection at the centre of load by
averaging the values obtained from tuwo dismetrically opposite dlal gaugen, Decauge
of the difficulties mensfoned above , %She deflections could aot be resorded

for othar loadings,

Straias ot the top of pavewent surface were racorded by mestts of elestiricai
siral p-ganges of gauge (or grid) lesgth 12 am. snd it wes aezuaed that the straia
recorded by the gauge was acting at the ceatre of the stralsegasge grid, For
the osasurament of ptrain:, luggenberger, Teplc Indicator was msed whiok wan

calidyated to vead ztraing divectly upto 8 x Iu"

cantinette per ceatinetre.
Becauge of the size of the sirain-gauges (with paper carrier) the minlous di gtance
at which two adjecens stysin gauges conld de laid was 3 omy, The caximum 4 gtance

varled agoording to requiressnt. The di gtances are shown In Fig. 12.




The 'E' and * /1* of the paveucut materlal was determined £n the
laboratory by a twe point load test on & bean. The stresses for the purpose of
* 400 deserxination were recorded by means of slectrical stzaifegauges unde-r
the conditiona slmilar to thoge sentioned adove, For 'g* value caleulations
diress veading dlal gauge of the type mentioned sbove was used. A3 thags fnstrne
ments (l.e, the dlal gauge and straln recordiag bridge) have their own Muisavions)
the accurasy of testy f4 aleo limited and ultimately, the strenies calcolated by
uge of these values of *B* and * 4 ' i1l also have soae lattastions. Thete
Iimitations ¢an be considered as negligible and not affecting the stress values
caleulated a3 in evideat from destergaard’s equations (4).

6,3. METHOD OF STRRSS OETERMINATION OULLINED.

The exparimental stresses were determined in these tnvestigations
froa the strains measured during the tests, For this purpets, straing ia two
pexpendicular directions were nsasured « If op and @y Do mch straing Shen
from well knows Hook®y Law we can write =

K& = 5 - M 8 veoss Iy ¢t

g N = 5‘ - St sases Py Y (&
whers B = ibdulag of elasticlty of the pavesest material.

U = Polseoats ratio for the pavepeat aaterial.

Sy and §, = Strasses in the directions corresponding to e, and &
respeotively.
Conbining the above two squations we get,
Sy = -E--- (o, + rteg ) vevons &)

s 0 s -« M e ) PTIYL 1)




Rquations (3) and (4) are general equations and oan de spplied for analyaing|
any two perpeadicnler directionel strains messured at the sane pelat. Ab sertala
posisiong; thay can be simplified an follows -

MAXTNUM INTERI(R-LOM~SIRESSES 3

The aaxionn interior loadsstresses octur delow the gemtrs of logd and

the stresses ave equal in all directiong, or mpthengticslly

s, = § YY) srsnen {
thus, from oguation (3) aad (4) we get

& * %
which gives ¢

Sy © -!1 'r. . esers comoos R

Subgtituting the conveationel sigm * *  for 'S5, ° .+ weget

the maxdmun interioy stress as !
ke

5 -
1=

o ika *39 4B ‘5 .’
EDGE A CORNEGYEDGK STRESSKS

For loading at a free edye the stress iz o divection psrpendicalar
$o the edge is zerv d.e. 5¢ = 0 Thus, fros ggmation (4) We ges,
@§ = - U 8y and uhg}lntm this value of oy 1o equation (3)
we got, '
Sy » E & sieen sesens (0)
This relationstip mway be used for calcolating the edge asd cormer - edge stresses.




bud, AWJSIS OF DUERIR LOD STRESS DARA

Figs 20 to 27 vepresent the tangential and radiel stresses due to
intarior loading with differsat contact areas usder o load of 5 Xgas. These
strasses were obtgined with the help of strains msasured on the surface of the
pavemgnt (Refer squations 1 to 6 pars 6.3), A positive stress 1o the disgran
repragents tenstons while a 2egative sitess represents & cowpTession in the alabd.
Cach (lgure teprasants ths siress distribution pattemm for each foot print ueed
during testing.

Thesa diagraag show that

1 For al) she contact sreas investigated, the seximum stress occurs at
the centrs of the load.

i1) The stress coatours are cireular with logd peint as the cestre, Doth
the rediel sad tangential stresses deorease with increass in di stance
fro the ceatra. The negative foowmpressive) vadial strasses oa the
top of tae slad Teack » xero value st a certain distgues from the
centre and then besoae tenille which also raduce to zaro at another
di stance from the centre. The tangestial stresses aled raach cere
value at a tcertals di stance from the ceatro and later do mot become
tensile. Tha point bayond which ao atress takes place 1y saze for
radial qnd tangemtial strassen,

i11) Iz all the cares, the soapressive racial stresses are less than the
tangential stresses cuiside the loaded ares.

in) n.’:ﬁ“u beoone xero st a di stence of about T.25 ea. to ToJ em.
or at about 0.9 1 from the cantry of luad with varylng contact area

sad varying load lotengity.
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1)) Tha stresses ara conceatrated in the wicioity of loaded aren.

Y1)  The tangeatial stresses which are always compressive becoas xero at
about 2.0 1 in all cases of varylng contast areas and varying load
intensity. The radial strasses also tesd to Decoms gero WH at
this poiot (d.e, 2,81).

The theoretical (dated on Hestergmard®s (4) equation) and observed critical
stressas Dave been compared in flgere 44, It can be seen froa the figure that
exomps for a slight variatfon of=1X to + 8% both the theoreticsl aid ®xpevinaatal
[Curves agrews The obisrved siresses ave sifghtly Migher then the theoretical
straszes gives by Westergaard's equatiomy dased on liquid subgrade thesry. It can

Serefors be concluded that the Westerguard®s analysis ig applicable to interior
oadi ng,

The effect of the size of the contact area on the critical stresses cas be
udied from fig. 44. It §n olear that the fncrease io the size of contact ares
in other words dun‘nu ia I/a ratio leads 1o the reduction in the oritical
tress {,e. point loads nre more dangercus from peist of view of strenses in the

aveaent,

The mpread of stress zone {3 fadependent of the size of sontact ares and
+oad intengity,

q.a. ATALYSIS OF EDGE LOAD STRESS DATA.

Fige. 28 to 33 precent the tasgeatial and rsdial load stresses due to
4&: loading with different contaet aveas under a load of S Kgas. Thers strasaey
u’rc obtalned with the help of strains measured on the surfasce of pavement,
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(refer squations 1 to 6 perm 6.3). The same convention ay described in para 6.4

bas boen adoptod hers to represest the stiresses on the diagroms,

The figures Tepresent stress distribution pattera slong thres linas 1.e.
along edge, along a perpendicular to the sdge, and alosg & lime 8° to the wige.
Thege diagrams thow Chat i
1)  The critioal ssress oscurs right at the adge under the centre of the Joad

fer foot prints of 0.5 , 1.0 asd 2.0 cm. (or equivalest to 0,0613 1, 0.1231
I and 0,246 1 cas. on prototype slaha), but for othar higher contaot areas, the

cxitical strass starta chifting along the perpendicular line (ossibily) at

the centye of gravity of the contact avem). fHowever, the oritical atresses
slways rosain within the aves of foot print,

i1) The crisical siresses are alueys corpressive.

{11} 7The magnitude of comprassive ti;lcntlal sttesses alongd perpendicular ks
greater than the saguitude of stresses in othar directivn ia most of the
cases, lowever, the concentration of strestes 1x neat the load point,

1111) The zero gtrasa occurs along the sdpge at & digtance of xbout S to 7.25 cm,

(oY 0.6 1 to 0.9 1) L.0. the spread of stresics along the edge is within

a digtanse of | on either gide of the logd.
fv) The stresses are sprend widely along the perpesdicular line, The criticel

tangential siresses alosg the perpendicular line cocar scar the edge and

are XeTO at a digrance of abost 10 om. or 1.5 1. The radial stresses are

zero at the edge and booome maxiwum 3t s dl stance of about O ca, or 1.

(vl) S0 far the smagnitude of stresses 1s conceraed, the mlpns_lsiu siressey
are asxisum and occur alomg and paraliel to the edge. The maximm tansile
stresaes ocour aleng the perpendicular to the edge oad ave ia radlial direo-
tion from the centre of load.




k- N

vii) Ag the slad dimengions are infinfte for this case, Shis patters of ltﬂﬂ*
will hold good for all inflaite mlabs, Stresses infinise sisb cases
require saperate investigation.

The theoretical (besed on Westergaord's equation) and obaerved eritical
stressas Aave Deem sompared in Pig. 44, It can be seen froa the figure that
both the curves are almost identicsl, ihe saximm vari gtion is 6% fron the
theoretical valuea caleunlated by lutwy‘urd's equation. 7The observed strasses

are less than the theeretical stresaes,

The effeot of thesize of oontact ares on the criticel stresses asy he
studied from Fig. 44 which shows that tho increase 1a ths aige of the contact
area or desreage in 1/a ratio leads to the reduction fa the crivical stresy

and hence gualler contact aress ave mors dangerous.

6.6, ANALYSIS OF CORNER LOAD STRESS DAXA.

Fig. 36 to 43 pregant the tangentiasl snd radial styess dus to cormer
loading with dlttc.r;n gontact arssg usder g load of 5 Kgms. $hase sireszes
wora olRalned with the help of giraing measured on tite surfece “th pavement
(Refer squations ] to & para 6.,3.), The same convention as duériM in

para 6.4 Ras beon adopted Ners to repreasst the sireazes on the di agrans.

The figures represent stress digtwidution pattern alomg the cormer-edge
and corner~bi ssctor., These diggrams show thas |
- 1) The critical stresses in caze of loads placed symastrically on the oarusi
of a pavement occur along the soraer bi ssetor.

if)  In oase of higher contact aveag the regioa of saxiwum stress is wider
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At the edges thaa at the cormer-Bisector, It a3y be possidie tdgt i
such casssy the critical stresses may e along the edze. lothimg definite
can be said st this slage aad henmcs it vequires further imvestigatiss by
mploying maller gtrain gauges at closed intervals. |

i11) 7The streages tontours reveal that the st¥csses are concentrated betoeen
she point at which the oritical stress ooours and tha corner. tbﬁ the
sRape of contours changes rapidly. Tre contours are flat curves asir
She coutact ares which gain curvature till the critical distence is reach-
od and then they again stawt flattening ous,

iv) The msximus siressss ave tensile and are vedial. The tasgential stresges
are compressive wpto & dl‘auﬂce of about 1.25 to 1,30 1 wherve they ars zerp

aud then they also become tensiie, However, the critical strosses (vadisl; are

always tengile uod greater than tangestial stresses.

The theorstical (baged on Westergasrd's equations) asd observed eritical
nreases hove been cospared {a figure 44, It can be sesn that there ks an
appreciable varistion 4a the two stress values and the ulﬁn deterained qre
less by 0% to 2% from the thearetical nlmm: 7.0 oa dianster contact
ayew) .

Ay will be seen in the followdag pavagraph, the oritical distasae hea iae
creased by aboul 0N, Thus, it sppears that the tosal stvess hAan beek pread
over a wider ares than calculated by Ors lf.4. Wegtergaard asd hence the prodadle

reason for the reduction in oritical stragses.

Fig, 4 shens the comparison betwees the shserved and theorsticsl ralves

of the 4i ytance X f.0. the distance at whick the eritieal ocormer losd siregs

—AM—MMW&MM
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are slmays slightly more than the theoratical values of X}  (except for the

contaet ares of 1.0 ca. diametar) !hzfed on these test rezults, the luurqard'*

aquation of eritical dlgtance %y t. % = 2 (ﬁl..l ;" hag

baen modified to follow the cbserved values (ses Fig. ). Ihe procedurs for
arriging at the wodiffed equation x; = 2,2 ( 3, 1% {3 diagrasuati-

cally represssted in Flg. 46,

It is to be dbserved that out of the threc types of loading the sireases
dacreass ia the following order 3

£dge strass,

intgrior stress and

corner Wress ,
thongh the variation depends upon the walue of 1/a, This holds good for

theoratical as well a2 observed stressas.

6.7. SUDGRAK HDULUS.

The *i* nlul.ui the subgrade was determined in the lsboratory by interior
loading of the slad (Refer Chapter 3 ) Froa the data obtained in thiy studies,
it 19 clear that the effective subgrade wodulug £5 aimost the same for laterior
axd odge loading, Iaoase of tormer loading, the stresses (cbserved ) are lesy
than the theorstical stress caloulwbied Dy Hestergaard®y snslyzis based ca
liquid ssbgrade assnzption. Three probable reasons say be asaigned for this
deviation ¢
i)  The affective mbgrade modulus may be higher than substitiuted in the
Westergaard®s equatios for purposs of gettisg the theorstical values of ori tical

stregses !




11)  There may de a plastie flow in the pavemeat dug te load which redusen she
pavemsat stresses. |

151) Additienal support of soil #m:m st the free edjes of cermer may lead
to doorease the gtresses in the pavswent dus to covagr loading,

It {3 faportant to mote hare that, the same Phencsenca was obgerved by other
1avestigations also (). Ao extensive ;iudy wdll therefore be nuinry to find
out the astual resson for suck a phencmgmon.

6.0, APPLICATION OF NXEL TEST BESULTS .

It was polated out in the previous chepters thet the model tudl gy
Are very useful for predictiag the bekaviour of prototype glabs, This §in flluge
trated by means of few practioal exmples delow :-

EXANPLE MO, %o Data. 1

“hool load = 4000 Xgn  (spp. 6200 1bs.)
Bading of foot pring & = 1% C. {app. 6™
Thickness of glab k= 185 On. (app. 6%

(Polsaon's ratio of
sonerate) M 0,15

Nedulug of gubgrade resction k = 3 Wh‘ (app. 100 lby/in® )

Nedulug of Elagticity of conorate £ = 0.20 x m" ‘ww3
(app. 29 x 10‘ Ib/in%
(slad iafialte in oimengions).
Lot 1t be required to predist the aritical stresses whes the wheel iy placed at
the interior of glad, then
¢ zad

13¢2 -4/ x

i)




and we gat,

I = 66ecn,

) b = ba? +03 L gy e

a 1724 & , and b = g A a7 NN
therefore [npresest dage & = 5 = 8 .

it1) Batte 1/ a fer protetyps = /15 = 4.4

. Iy 8.15
s> & s =» AR pmi—
. 4.4 ‘t"ﬁ
= 1.65 Ca,

- N = 1.85 oa A% 2 > ReT24 B |
| ora > 1.3 ew.
i7) Froa Mg, 44, for « value of 1/a = 4.4 we got, the streases iz the model

lab Lo @ an 114 koa/ou?,, ting Crom equation qo) of Qupter 3
b

Gim Sim ?.3 LM "“'m'ﬂg‘"
() D gy .'.!.......".':;.
' - By By
= 2.3 kgafoad
e 2.

¥tk the gane data, te obtata the eritical Edge - load atressey.
i) From the Fig. 44 for 1}/, = 44 , weget
the medel edge stresseg ,

Cem * 188 kow/omd




[

Inevefore froa oquation (9) Chmpter 2,

2
—————te— uﬂ,‘,‘
(1est) o M (B9 1)

(Lrsve a4 ( a 0.71)
ogm —-UT - e
b By

G & ﬂd-'..

. B3 wa'

Bxawis 3.

With the sgme data ; to obtaja the svitlcal covner load stresses from fig. &4,
for 1l/a w44, we get the moded edge streases <oy = 8.8 hw/o-z

favretors from equation (6) of chapter 2) we get
P b?

e ®» Gen ,
e M3

= 19.3 kpv ca

$luf larly, maby ethier probleas of prototype slabs way be solved with the help
- of fig. 44,

6.9 CONCLUSIONS DERIVED FRUM TEST RESULTS.

The following conclusions apply to the model tests carvied out omn semiy
slastic subgrady with hokelite pavesent,
in case of isterior loadiag :
i)  The stress cohtours are clreulsr,
i1) The critical cbserved stresses are slightly higher thm caleulgted
by sestergaard®s equation ia most of the cases. The varistios is

ot gore thas X ia any case.




o7,

i11)

iv)

¥)

vi)

vii)

vitl)

1)
11)

111)
iv)

v)

)

' foot=prints,

The critical stresses increase with the decrease ia the gize of the

Radial stresses becoms zexo at & di:tancu of about 0.9 1 from the
ceatre of loaded area.

Tangeatial stresaes are greater than the Radial ssresses and becose
Zer0 st a di stance of about 2,8 1 froa the centre of l;ad. Radial
stresses gra onte agaln sero at thig distance from the tensjon side|
A slab Baving an spproximate dimensgions of 6 1 x 6 1 ig likely to
behave aimilar to an Infisite slab.

The subgrade behaves iv a maaner stuilar to one assumed by Westergad
atd (4).

The spread of strpas=zone iy independeat of the size of contact
area and losd intensity.

In case of Edge loading :-

The stresa contours are conic-gsectional in shape.

The oritical stresses are within the contact ares and wesr about

tilc centre of gravity of the foot-print,.

Ssress are conceatratad aloag the edge near the load polut,

The zero stresses aloag tho edge occur within s distance of about
0.6 1 to 0.9 1 and from tha cantre of load,

The zero strasses along the perpendicular to the edge occor at &

di stance of adout ] .25 1 from the edge, therefore o slab of size
21x1.51is likely to behave similar t¢ e infiuile slsh.

The increase in size of ecatact ares (with the same load) reduces

the amouut of critical stresses om the pavemeat,




w.'

vii) The behavicur of subgrade £s simflar to that assumed by Westergaawd

{n case of corner loading ¢

i)
il)

ftl)

iv)

)N
i)

(€) withis & wxdaua variation of 08. The obsgerved stresses ore

lenzer thon the theoretical stresses.

The stress contours are gimost circular in shape.
Ths regios of saximm stresses iy sider along the edges thas along
the cornex-bl aector.
The ohserved values of digtances x; At which the critical nruui
occur are slightly higher than abtained froa the Mestergaards
squation (€). A nmodified espirical equation has deen developed mhich
is

x o 2;& ( UY 1 }!5
This equation is gpplicgdle for valuss of V/a upts 5,43,
The obsexved oritical stresses are less than the theorstical
stresses (9). Tho variation §3 20X to 5%
The strassen afe costeatrated within the oritical distanses.
Mt of the three types of loadipg, the nrusia decreass fa the
ﬂiledm order :
edge siress,
isterior stress, sod
coruer sivess .
through the variation depends upon tha value of }/a for theoretiecal

as woll as obssrved vglnen of streases,
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2

3.
4,
5.
6.

Te

STED PRAGLRYS StinY.

To verify Duraister's equation based on pavemest Deflection by todel
Texts,

Repatition of this dnvestigation sith different subgrade and subgrade
support and pavesedt 3.

Deterxingtion of saximun principle stressos,

Etfect of change in the sige of subgrade.

Irvostigation of Higid Pevement behaviour wader dynanic loads.
Bffect of higher contacy pressures on the rigid paveasnts,

Load Transtor capacity of fointa in the pavenents.
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AEIDIXA
SPECIFICMIONS OF SUBGRADR MATERIAL

1s MECIANECAL AMRLYSES OF SAD-SOIL SED PR Stmmi
{Average of three deterninations)

Pasaiag i ItenlndL i L “_ I"“‘"‘;
No. 4 No, B 00,6
o, 8 No. 16 13.1
M. 16 No. 30 14.2
No. 30 . S0 24.9
. 50 o Ne. 100 3.4
. 100 Noe 200 09.6
Noe 200 - 04,6

Total 100.0

2.  Spacific gravity of sand-seil particles = 2,73 oa¥/e.c.

3.  Whdulus of smbgrade reastion of ke compacted waterial
‘%t = 3,5 kgwend

APPRNDIE B.

SPECIFICATIONS OF RUDIER SOLUTION USED AS DINOER FOR SUSGEADE WATERIAL.

1. take ~  Dunlop Bubber Company (Indla) isd,
2-- sp‘“flﬁ qm‘t’- vheme sanee 0.?2 ch'c'
3.  Percentage volatile satver ., sevas 96.00 %




AFRENOIX C

STATIC LOM STRAINS FOR NODEL SLAD 35 Qn x 30 On x 0.7885 O THIX

Position of load =~ Xnterior.

Date 10.)0.1962
YTime 10.30 A.M.

Atmospherioc Towy. 2%

Gbgsrvation o, 1

Foot print Disaster 2,

ount 0‘ lﬂﬂd 5 Kﬂi
fRadial Strains)

0 o,

straln iﬁ E':trnin gaugs reading § |
g“f; Nos i mua;n | ﬂ’ﬁl X mtltai::mu IL Remarks
0. B.2M 25.200 - 0,070
L as 14,07 - 0,03
2e 15.7M0 15.785 - 0,08
3, "T.020 7.802 - 0,028
4, . 15,833 15,2312 = 0.021 laad cubes di
5. ':1?.69!,! 18.670 » (.020 tribused unlfora-
b. . 16310 16.29 ~ 0.012 iy over tke
1. . 20.0% 20.000 = 0,030 povemsnt.
0. 10.T10 6.0 = 0,010
9. -18.090 18.09% = (.00
10. 18.78 10.%44 + 0.009 -
il. 49258 19.360 + 0.005
12 18.192 16,190 + 0,006
13. 13.633 13,668 + 0,005
4. 04.990 04.994 . ..+ 0,004
3. 03.543 3.5 + 0.003
04,820 04,020 0.000

16,




92.

APFENDIX *C* (Contd...)

Date  24,10.1962 Pogition of load = Iaterior.
Time 1,20 P Fost print Dimeter 2.0 en,
Maogpheric Tawp, 27° C Maoust of losd 5 K.
Gbgervation Mo, 1 (Taageatial Straing)
X stratia y X X
Strain i‘m“: | m;' ::? % tait pratl B,
e e X N Xt X L |
0 B.270 B.200 - 0018
9 15.003 14,986 = 0.0}7 Lead cubas unie
u 14.5% 14,380 » 0010  foraly disributed
L 14.850 14,84 ~ 0.008 _over the slasb,
& - 16,083 16.050 = 0,003
47 - 14,962 J4.960 =0, 002
% 9. 423 09426 + (001

.

N.3. Three ohservotions were recorded sinilarly for eseh sot and the sverage
wi deterained in sach LTI




3.

STAPIC LOAD STRAINS FUR HDEL SLAT 35 C2 x 38 Ca x 0.7806 On THICK
l"hh 6.10.1962 Posttion of load - Edge.
Time 10.00 AJfe Foot primt Diasster  2.00 Ca.
Atmogpheric Top. 27 C. Mount of load 5 gy,
Gbseryation No. 1. (Radial strain)
strain. ’} Strain gauge reading j §
gaugs M. X fnitial X Fisgl X Usit steain X Rexarks.
- B SN OGNS S b " S
2N A 18.603 18.660 - 0,137
2 19,724 19.633 « 0.091
18 19.010 18.9%0 « 0,800
2 20,392 20.370 - 0.022 ::::og:;'
19 19.36 19.827 - 0,010 ﬁ::“““:‘:f ~
xn 14,974 14.9%0 + 0,006
3 15.850 15.056 + 0.006
24 12.441 12.450 + 0.009
3 .47 11.730 + 0,003
17 " 16,416 16..454 + 0.038
0 12.080 12,003 + 0.083
3 10,899 10.928 * 0,035
82 12.498 12.520 + D.022
113 02,702 02.760 + 0,050
13 03. 457 03.544 + 0,057
10 04.055 04,097 + 0,042
7 05.443 05 . 465 + 0,02
03,243 03.259 + 0.016
3 07,948 07.952 " # 0,007




oM.

Appendi x

‘4% (Goottlae..)

Date 170101‘%2
Time 10.30 AJle P
Atzospheric Temp. 26 C

Ohservation Mo 1.

Position of load  Rdge,
foot Print Dienster 2,00 ca.

suount of load 3 Kgu.

(Radial & Tangential strain).

“Strain ) ‘
gatge No. unﬂhl X
34 14,508
9 1.504
» 0.706
2 5.511
an 3.325
- Db
B - 14.500
35 13,000
a7 13.776
3B . 13320
15.262
0 10,33
© 10,840
41 9.420
42 2.3%

Final X Ualt strain X Remarks
—t X
14,68 - 0.137
1544 - 3,098
0.720 + 0.018
5.834 + 0.02%
3,337 + 0012  Lead cudes sai~
0.4 + 0,000  foraly distribated
14.382 = 0.3  over the slab.
13.010 - (1.070
13.7% e 0,042
13,300 « .02
15.28% - 8,012
10,325 0
10.79%0 » 0050
9. 400 = 0.020
9.3;1 « 0,010




.

APEDIXE
STATIC Lo STRALYS PR NQDBL SLAB 33 On % 30 On x 0.7806 Ca THICK
date 4. 10, 1%2 Posithon of losd  copner
Tiae ll.m P4, Foot Print Dismster 2,00 G«
Mmaheric Tap, 51.5%C moust of lond LY
(Radial Sgrainm) -

Mservation M. 1.

- —y— ——

| ) ¢ |

Straia Osuge Lssr&lu gaige mdlng X X
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