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MOPS:4  

As accurate prediction of Rigid Payment behaviour seder static loads 

Is lopertent from tear design point of view. Model experiments can be emp-

loyed to arrive at such objectives. 

Ike pretest levestigations were carried out on a rigid pavement model 

designed and constructed is the laboratory for the pumas* of studying tie 

stress distribution pattern on the pavement dna to static loads placed at 

three critical positions. the model coedited of sell **Ninths (with rubber 

*duties binder) end Bakelite pavement. The me were adopted after a few 

trials with other materials. 

The test revolts revealed that the restergoardse theoretical analyele 

Is applicable in ease of pavements of this type. Out of the three critical 

leading positions, edge loading is important and produces the maxims critical 

stresses on the pavement, when considering no temperature gradient aid slab is 

is contact with embgrade. 

The modified empirical equation has bees developed for critical distance 

is case of termer loading which is 

1 	a 2.2 I a
1 
1 )

4 

Chart; have bees developed on the basis of model tests to show the striae 

is case of three critical load positions for different l/a ratios. These 

charts cover most of cases of pareneate generally mat in the field. hetet 

they are very usefel from pavement design point of view. 

CIMINO4SIIISIMSOP 
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1. 	 ;Writ ODOCT  

Verification of cumbersome equations with number of variables becomes 

very difficult and costly in prototype *labs. Therefore, it becomes essential 

to check or to verify the nations by model tests. Very little work has been 

done io this direction. 

it was therefore proposed to levestlgete by model tots the application 

of the aestivation's equations. 

Experiments carried out is the past were based on completely elastic 

support. As the soil is semi -sloth is nature it is proposed to investigate 

a mix design to simulate the field conditions by various trial and error 

methods. 

Also, the model pavements used to previous tests were net satisfactory. 

A suitable pavement material was proposed for Sweeties:ties. 

t investigator has determined stresses for all the three critical posi-

tions. Thlt was food to be essential and all the throe locations are propaied 

to be tried. 

The field tests, besides being costly aid cumbers% have got any draw-

backs. The modulo, of 'labored* nation of the abgrade changes with the chum* 

in the moisture content. Ono the pavement is laid, ose have to Speed on the 

previous tots for the value of 'k'. Tke temperature stresses, how-se-ever small 

they may be, can mot be avoided. Noah om the other head are free from these-

&teeth No we employ them for determining the critical stress due to static 

loads they are sore to indicate the static load airless* only. 



3. 

It is very difficult to obtain representative value of sarface strains is 

can of prototype slabs because of its noa•homogeaasus characteristics. 40dele 

on the otherhand are free from this drawback also end if a suitable material I; 

chosen for pavemeat, it will give the most sepreseatative value of Marfa* strains 

copre or MIMI =Ms. 

The present studies of modish_ deals with the elperistatal determine-

Sloe of strides and bones stresses in the model alabt doe to the three critical 

loadings when the pavement is completely supported by subgrede i.e. for no warp-

lag conditions. The object of such studies is to levestigate the potters of 

stress distribution over the pave-seat dos to wheel loads of varying leteenitY. 

Previous reports oe such tests Indicate that the critical stresses doe; 

set vary much dee to the change to the shape of the contact area sod therefore 

circular Intact areas were chosen for the peewit investigations. 

A wide range of contact areal as adopted for the present lavestigatiom 

to mover most of the prototype slab; and contact area venally an with. ?has 

the result; of present Investigations become Important from practical point of 

view. 

As attempt In been made to correlate the experimental stresses with the 

theoretical stream calculated by Weetervaards; seelyels. 

swan 
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2. 211t0ty or MODELS AND ITS APPLICATION IN RIGID PAVEMENf DESIGN 

2.1. GRAERAL 

Engineering problems may be broadly divided into follomiag three 

groups :- 

(a) Problem; villa can be easily solved by um direct "plinths of 

well known law; hated on equilibrium or other condition of nuts. 

00 Problems which require a **thematically cumbersome solution because 

of their complex nature and invalid% a number of variables. 

60 Problems for which the application of well knows general lams is yet 

unknown and analytical solution is tot available. 

Problems of first group create se difficulty se far their solution is 

concerned. nut problems of latter two groups are difficult to solve and in order 

to get at a quiet solution, model studies are usually recommended. Mooed as these 

soda test results analysed with the help of certain rates, the solution of a 

problem becomes easier. 

1.2. ORP1M121M1 Alt) TYPES OF MODELS s 

A model ig usually defined as a device which IS SO related to * 

physical system that the observation made as the model may be used to predict 

accurately the performance of the physical grata in the desired respect. The 

physical pate* for etch tae predictions are to be made is galled a "Prototype". 

The behaviour of a prototype cam be predicted with the help of more thee' 

on type of model but often only ene type of model is best gaited for predictimg 



the required ebaracteristies of a prototype. Usually a choice Is made out of 

the felleuieg four types of models : 

(a) True models. 

(b) Adequate models. 

(c) Distorted models. 

and (d) Disclailar models. 

(a) Ina *del; 2 

True models are models In which all significant characteristics of 

the prototype are faittfully reproduced to scale. In addition to being geom. 

trically similar to the prototype. the model most satisfy other restrictions 

introduced by the design conditions. In general it may be used to obtain data 

suitable for predicting characteristics related to those for wkich it was 

designed. 

(b) Adequate Models 

They are just etfficient to predict may one characteristic of 

prototype for stick they are designed mud may not yield accurate prediction:I 

of other characteristics. 

(e) Distorted Medal s 

Decease of certain restrietioma latrodused to the construction of 

models. it may sot be possible to follow a uniform stale throughout and a dies 

tertioa becomes necessary, resulting is distorted models. A model of River 14 
usually distorted because the depth scale could out be kept the seee as the 

!south sad breadth seals and so um. 

(d) Dissimilar *dole s 

Thirbear me apparent reammbisace to the prototype but Um. suitable 



analogies, they can be used to predict accurately the behaviour of prototype. 

Seepage net of Dam Section is usually determined by electrical analogy method 

and le at example of dal:Oilermodel. 

2.3. DESIGN AND AAALYSIS OF MODALS : 

Aillin Sad Analysis of models is based oa the theory of siallitude. 

Theory of similitude includes a consideration of the conditions under Which the 

behsvionr of two aeperate entities or spatemn mill be similar. and the tech:does 

of accurately predicting resnits on the one from °beers:Micas on the other. 

Theory of similitude is developed by dimensional analyals. Dimensional 

analysis on the other hand is developed fres a coasideration of dimaesiona 

In which each of the pertinent quantities involved in a phenomenon le *greeted. 

Dimensional analysis is based oa the following two axleal that orro instant 

is our methods of measurement and evaluation of quantities. 

AII04 1.  Absolute samerical equality of quantities say exist oily Sea the 

*entities are similar qualitatively. 

That is, a general relationship may be established between two quantities only 

whoa the two quantities have the sans dimensions. For example, a quantity 

that is measured in terse of force ean be equal only to a quantity that is evalu-

ated is terms of force, and can an be equal to a quantity having dimensions cf 

length, tam, mese, velocity or anything else except force. 

ALIN II. The ratio of the magnitudes o/ two like quantitiee is indepent of 

the date used is their umesaremeat. Provided that the same snit; are used for 

evaluating each. 

Per example, the ratio of the length of a table to its width le the same,  



regardiesS of *Whet ate dimensions are assured to inches, feet or meters. 

pl000tlovol minis. developed from these two asians, differs from other 

types of analysis la that it is based solely on the relationships that Milt exist 

swag the portliest variables because of their dimensions Instead of being based 

os tiontonas Law, of Motion or other so-called natural large. la itself, dams 

atonal analysis gives qvalitatIve rather then quantitative relationship*, bet 

sten combined with experimental procedures it say be side to supply quantitative 

results and accurate prediction equations. 

2.4. psslan Of "MEN! magas  tfVw.CRY OF siMMLAUDE  

Rigid Pavement models may be developed on the bests of the above 

theory is a manner described below 

The object of pavement models Is the present case is to study the patters 

of stress distribution over * payseeet due to the Setts load distributed in the 

form of circular contact asses of different sistaplaced at three different 

critical positions. 

lie order that the results of Model tests may be employed to predict the 

behaviour of prototype slabs. Westergsares theoretical approach may be taken 

ae the bade for the &Op of Payment mediae. fir the purposes of simelatis 

of the model with the prototype, the foliate; belle asinavtione of hestergeares 

theory may be considered and the model say be developed accordingly. 

The Sub-reds toad Ott of a  b000lloosooll material uniform in character 

sad provide:adrift support to  the slab resting over it. 

00 The slab consists of a homogeneees. 'satrapies, elastic materiel of 

gaffers thlekneas. 



(e) The critical stresses remain within the elastic limit; of both the 

nab and the subgrade. 

(d) The slab is infinite in horizontal extent. 

(e) The depth of the subgrada is imfinite. 

Wegtergaard (4) introduced a quantity deleted by 'I' in his analysis. Be 

stated :- 

• A cattle quantity old Is a measure of the stiffness of the slab rela-
tive to that of the sabgrade occurs repeatedly in the analysis. It is of 
the nature of a linear dimension. like. for exarcle, the radius of gyration. 
It will be called the radio; of relative stiffness. Denoted by 1. It is 
expressed by the Sonalla 

i • 
I M3 

 

  

12 ( 1 At' ) k 
afters 11 is the modules of elasticity of the concrete. and 	is enlaaves 
Ratio of lateral expansion to lengi tudittal Shortening." 

This quantity I thus can be tette as the basis for expressing the other 

tens in the dineadonal analysis. Assaing a bade relationship 

1  la se a as 
a 

	

dere I 	radios of relative stiffens* of prototype. 

	

a 	io radius of circular loaded area corresponding to prototype. 

(and the quantities expressed by subscript tt are the corresponding quantities 
for modal.) 

the length scale a at 	1— 	 (2) 

Nan ea She basis of relationship (1) other relationships way be developed 

as indicated below : 

cam LAVING 

lintergaard (4) gave the follewlag equation for the detenditation of 

(1) 
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oedema Mess at the corner s 

a ji 04] 
■Pr crc  (3)  

where 	P 	a load on the foot print. 

 

h  a slab thickness. 

	

a 	a Radius of footprint. 

 

1  a Radius of relative atiffness of slab. 

is the above equation he assumed that the loading Is symmetrical about 

the diagonal bisector of the caner angle and that the critical corner 01446 

occurs la the top of the slab along the diagonal bisector and act) In a direction 

parallel to the diagonal bisector. 

Ms distance s &cc the *Mora at which the spa 	stress occurs 

is gives by 

1 	a 2.3785 (a 1)16  

Let Ott^ be the critical corner stress observed in the model. then  fro* 

the equation (3) we get : 

dim a ±21}12■••• [ . 1 • ( 811•S•1-2  IC"  j 	 (5) 
I. 2 

Using the relationship (1) and dividing (3) by (5) 

Cc 	P %la 
6C,A  P 1t2  • 

	

As 6m 	hm  and Pm 	for the model is known. the fleas  d-d-a is tit 
ti 

prototype of tbleknessAte to wheel lead P can be sadly determined. 

(4)  

(6) 



Let he be the critical Edge stress observed in the model slab then 
110 

P 4) (1 1. .54P) 	logioirix-1 • 0.71 ce 	0—ern 

Pe 62  + .54 /um ) a• le3  log,  - 0.71 

ha be 

•• 

10.  

EOM WWI; : 

Restergerd (5) equation fir maximum edge stress IS 

▪ .529 ( 1 + .54 tip) P  Ion o ( "
3 

) . 0.71  
11  t b' 

(T) 

mere /u a  Poisson's ration of concrete or pavement anterial. 

b 	Radius of equivalent distribution of pressure. it is expressed 

by equations b 	(1.6 a2  + 12  0 -0.675 b when 

a 	1.794 h 
b so a when 	a 7 1.7E4 b 

and the other terms have their usual meaning. 

( 9) 

end may be used to obtain the values of critical adOemetreeteS by 

model Tests. 

INTERIOR 11010IAG. 

Vesterignerd's equation (5) for critical interior load Stress is 

given by tie relationship s 

I h
3 

ort is 0.275 ( 1  )  lob  ( -r ) 
i 	10  k b 

Using the same method as in other eases. tie critical interior stresses 

6-cmay be calculated free the relationship 



* 

h3  
0lb 2  og„ 
nil 	(1+ 	as4  

( I A") 
lag10 SAL  

kit his 

based oe the observed *tresses 6rni in the model. 

• 

ftemallin• 
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S. 	styiss AOD ISCESSITY OF MOM  

3.1. CIMBIAL t 

Cosset sonerete Reed same into existence with the inetptIon of 

aetemokilee is the early years of twentieth eatery. Since thee a number of 

investigatiegs have devoted thomeelvee to lovers their designs and methods 

of 404$ttudgioils the 00n of apace and the objective of the problem here 

may mot permit 42 Moat of ail of thus but it will not be cut of place to gen-

tles here a few of the whose works andfor theories have been in wide use even 

to-day. 

3.2. DR. 0.1.112SFERGAAED 

gestergaard. *Dialog in 1925. Ftibliald a Mies of articles se the 
theoretical analysts of moftreso paramenta slabs that has largely been accepted 

es fandasental 	Us propagated a theory commonly known as "Dick Liquid Sehgrade 

Theory". la his easeePtlaes. he considered the sabgrado consisting if a material 

Similar to thick livid. Further he assumed the pavement to be similar to a 

this plate of homogeneous. Isotropic. deale solid Material Is equilibrium. 

Male essuptioas load his to asses eget* that the rosettes of the eubgrade is 

vertical tad is proportion' to the deflective of the slab. Thes the analysis 

was rotted to a pueblos of the liatkosatical theory of Elasticity. NI introduced 

two in factor; 'ft* end 'I° defined (4) as 'modules of sagrade reaction" arid 

"radios of relative stiffness") in his analysis. Farwalaa were given by him 

for calculating the stresses and deflections produced by three critical toadies 

positteses 



CF. gale, (9). based om the experiesetal results of Arlington tests. 

revised the career load format as 

Cc. 	amena. 	4, a I "'I"' 
3 lo  esti .1.2] 

1 

 

( 1 ) 

 

The above theory of Maktergaard has certain drawbacks which in abort are 

as Pollens t■ 

(e) The theory is based on the assumptions that may not be justified is 

all cirommetsitel. 

(b) Secondary stress.; caused by temperature gradients or other 0**404* 

which my be such sore snare then that are due to %heel loads 
(eipecielly is thick Glebe) have bees igaored in the donna/esof 

the formulae. 

(a) The stresses produced is the =bored. has not beta calculated wad 

it has boa eased that the embargo has ite effect oa the stresses 

is the 41014Ttto only. is IMWD cases the mesas produced in sab. 

grade might well exceed the strength of the soil. 

3.3. A.O.A. HOGG NO U.L. OALL s 

0ogg and Hall out forward is the your 1938 with a mew conception of 

pavement design. Their theories (10.13 and 13) assumes the embpade similar to 

es *USU. solid sad pavement like a this plate of homogeneems. Isotropic. elastic 

materiel. 

3.4. L.A. PAUSZI Ari) 6.5. SAUDI 

Palmer sad Berbers. two layer theory (14) gave an approximate broils 



[

le so --S-- ( 1 - 
to 62 

52 

as. + Is
12  
mail • • • • 

gl g1  
(a )  

for the vertical elastic displacement at the prince of sabgrade and penmen. 

Ile gave the final formula for the displeeement at the slam of the parementi A 

as 
a  lagi r• 

£2 
•••••• 

 

( 2 ) 

 

• 
Whale Ire 
	Is a dateline's* factor given by 

310 s • 1143424=01. 

emitter 45) analysed tat attunes and Antall is a trio-layered 

system, Goad fling of an sloths slab, larialte in the horimental plies Nab 

placed on a semi-lefialte sand of lower modulus of elasticity. This sutra is 

being subjected to a uniformly distributed load acting over a circular area and 

applied to the upper tartan, of the dab. The relative used for sliding cat 

the vertical *little di splicaseet ( a) at the surface is giros by his as 
follows s• 

a is 	1.3 p a • 
X2 

 

( 4 ) 

 

ten Iry  is a displacement factor which can be determined Ins the charts 
supplied by his. 

Oureisterse theory is also not freest from the defeat; and one can not 

depend yea his analyst. because of the following reasons s- 

(a) r leen ha; been tibia for the an-elastic behaviour of astatals. 

(0) 07 limiting the displacement he has assumed the failure to be depends- 



due to escrativr stresses produced berme* of the displacement. 

(0) Effect of Traffic intensity and consolidation due to the traffic 

has bean Unloved. 

3.6. GERM) PICIETT 

Pickett (lb) in the year 1961. published a number of influence chart; 

based oe Nestergaards liquid suligrade theory and nogg and 0411's *lotto solid 

sabgrade theory, lith ea help of these charts, deflection and stresses can be 

determined at a point oiler the stab due to any type of load over the parlament 

tle also gave a samiampirloal tamale for determining the Mesa* in a  Prima 

due to circular lead at its corner. Tkit foists  is as follows I- 

cc-  a 4.2 r  
62 	0.94 + 0.22 

 

( 5 ) 

 

for protected camera he suggested a reduction of 20 'trams as calculated 

by the above fermata. 
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MUM TESTS 

3.7. GESERAL. 

Although full scale model tests were carried out by many inves-

tigators lite S.R. Kelley. Teller and Sutherland etc. in the pest. the need 

and importance of *sell scale model tests of pavements were not fully ALIAS 

in those days. Thus only a few investigators have diverted their (Stotler 

to such tests. Relieving paragraphs indicate the type of work done in this 

commotion. 

3.0. fa. 00141AtEE NO P.E. CARLY= 

Es  Melliager and Carlton (1) conducted the model tests to determine 

the possibility of application of models to dodge studies of concrete airfield 

pavements. They used Itestargeardis analysis in their investigatioas. They 

tested the models for vary high pressures In the co/rewording prototypes (50 -

Kips on single wheel and 100 Kips on duel wheels). Effect of multiple wheel 

loading was studied end curves were drawn for converting multiple wheel loading 

Into an equivalent single wheel load. 

The model was prepared out of natural rubber subarea (size 24" x 24" a 12' 

drip) and hydrostene gypsum (sweet mortar pavement (size IS* x 15" a 1/3" thick). 

In order to measure stresses in the slab. *of type Set-4 bonded resistance wire 

strain gauges were used. 

axiom stresses for both interior and edge loadings were determined for 

a wide range of foot-print radii sad were tempered with the theoretical results 

obtained by Wastergsard's *outlet's. As reported is the paper. the results 



it. 

obtained were quite comparable within the limits of experiaeutal error. 

With the help of the multiple "heel load tests. stress.; in the pavement 

were determined and an converted into an equivalent single Seel load having 

a constant contact area. Thus, this indicates the possibility of basing the 

design and evaluation of airfield pavements on a single equivalent *eel lead 

having a constant area . 

3.9. A.C. WHIFFIN  

A.C. Whiffle t►T) in his tests maintained the mechanical properties 

of concrete used in model slobs identical to these of prototype slab* by pros 

siding big sine slabs. The value of medulla of the suhgrade ruttiest were alto 

sue for model as well as prototype. 

The scale of the model was kept constant for length, breadth and thickaese 

of the slab and thus the stresses were la inverse proportion to the square of 

slab thickness. 

The shape of contact area was similar to the prototype and dimensions 

were proportional to the relative thicknesses of the model and Fell size ;lab; 

ti.e. to the scale factor). 

Tests were carried out with three different scales models vie. full  Oise. 
half size and one third size model slabs. by choosing prototype slabs of different 

thicknesses. 

The wheel load '1" as changed far each slab but the intensity of wheel. 

load pressers was kept constant by changing the contact area according to tee 

scale ratio. 
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Lr 
lie States "I; is desired that the stresses induced is the model slab 

shell sot exceed those in the full size slab by more than IDE and the distributio 

of stress shall not depart from true scaled values by more tbea  the scale 

factors avid must not be less than these summarised 111 table below " 

Minimum scale factor to 
(*entity  Metes  4/b  be used at value of k 

of JODIbettra 7001b1P*3  

Stresses due to Minims scale factor  1  0.52  0.61 
titular loading varies with a/b and k  0.67  0.44  043 

MO  0.40  0.49 

Stresses doe to Minims scale factor  1  p.49  0.60 
corder loading  varies with a/b and k  0.67  0.15  0.53 

MO No lower limit D.33 

Radius of relative Independent of 
stiffness  eth and It 

Distance along bi- 
sector of corner  Independent of 
eagle to point of alb and k 
maximum stress 
under server loading 

0.60 

0.5$ 

3.10. PS. CM1200 XV RUM 14.1101014113 

Carlton and EMbrestan (2. 3) in their investigations used models 

similar to these used in previous studios as reported by alliegkiend Carlton (1) 

The Hydro Stoma Gypsum cement Slab of sire IS* x IS" m0.125" was seed over the 

sutural rubber sabgrade of 24* x 24*x 12* thick. The physical quantities like 

1, t, 5 and fu for the model were determined and them Edge sad COMM ;tresses 

were determined by using MR-4 electrical strain gauge;. 

Two types of foot prints were used by them in their investigations (2). 

vie, circular and elliptical, Different poises of contact areas were used to 
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War a wide range of Areafl
2 ratio witleh includes most prototype conditions. 

/hey observed that in case of edge the variation in maims observed 

stresses was of the order of 10 to 12 % from the theoretical stresses. Out is 

the can of corner tie stresses were 65% to 75% as groat as those determined 

frets wootergoord's equations. 

A good aggremeat was obtained Wow the model asd the theory with ree-

ves% to the location of the =axiom stress along the corner diagonal for corner 

loadings. 

AS was reported in the paper. "The shove of the loaded area. whether 

circular or elliptical has little effect on the pavement stress for a gives value 

of Am/ 12. Actually, the shove of the foot print result in less than 5% 

variation is stress . Since prototype footprint shapes are actually somewhere 

between beteg circular or elliptical, the average data obtained from circular 

and elliptical loadings can be applied to phototype with negligible error*. 

They concluded that the maximum corner stress is only C% to 55% of the 

madam edge stress. 

They exteaded the model 'tidies ea prestressed rigid Pavements for air-

fields (3). 

The same typo of sagrade was used as reported in previous Oodles. The 

slabs were made out of Hydrostoas mums unseat of sire 16.6" x 16.6"x 0,2' 

chid. The slabs were prestressed longitudiaally and treaversely by tensioned 

music wires positioned at the patrol ails of each slab. lased on previous tests 

oathse taste/slag of wire, in the slab the dreg of 0.02" Piaster were teelleeed 



by ants of 75 lbs. load WO gave as initial wain of 239.000 psi abost 65g 

of the ultimate tensile stump of the Aro. The wires were !paced 110.6" 

centre to nitro aid this developed a autism tensile stress of bOD psi is motel 

slabs. 

Various elan of tent prints icircular as well as elliptical) were and 

to load the tout slabs, Pb? ensuring strata& in the test slabs. electrical ;train 

gauges (Type *4. 51•4) were and. Deflection were maapred with the help of 

dial gauges reading direct to 0.0001 ludo. 

In order to datormin the not amount of prestress developed in the slab. 

St-4 gauges were tented prier to the release of wires. 

Crack patters development was studied by loading the teat slabs with leave" 

dig eleosete of loads. it was observed that the development of cracks as almost 

radial is nature and originated toms the bottom side of the slab ender the 

mitre of the leaded area. Prior to complete failure. Grading was confined to 

the bottom side of the prestressed ales. 

Seth edge and interior loadings ravellod that prestressing in the slab 

Permitted thee to Instals greater load; min subjected to Lanier loadings 

as compared to loadings at a free edge. 

for loadings bejoad the shale range, greater deflections were observed 

is the plain slabs thee is prestressed aisba objected to the on loading. 



21. 

reassa OF MEM( plain. 

1,  la the previous todel tests, the 'Agra& need was of rubber which nes 

perfeetly elestle la eaters. However, the etbOrade ie the field 14 

different and bas viseekelealle properties. than the previous involtiga. 

%loss mere not such of help to predict the behaviour of prototypes in 

the field. Bence is the present INVeltigehiegg, as stumps  ens  side to 

;isolate the field se itio° by using a admired* chiller to on usually 

available in the field. 

used 
2. the eofals were either too big sad when mall, meat sorter was/with 

the result that the slab thickness meld be 0.2" of the ceaent mortar. 

Such slabs are boned to develop hair cracks end hence affecting the test 

results. Bakelite sheet used la present levestigetion elealneted the 

question of hair cracks i■ model payout. 

3. Sinelhaseensesesorement of strains for the three critical positions of 

load nes sot done se far and hence the same was proposed in the present 

levestigstions. 

4. Radial strides along perpendicular to the edge (la ease of edge-leadlogI 

were not measured. The me has been done Is present ease. 



4. 

DESIGN Att coNsnucnow OF tiCOEL 
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4. 	 pESIGN Ate CONSERUCtlfri or (sg.  

4.1. GRIER& t 

Proust isvestigetions mere carried out on a wall scale RIGID PAYEININT 

OM, deeigned ad constructed In the Highway Registering laboratory of the 

University of Roorkets A general via of the media is shown is Fig. 10. Ti. 

dodge of the add was completed It to stage; vies. 1) DSc, of model proper. 

end II) lestrnmentetion of the model. 

44. DESIGN OF MEL,  t 

The sodel proper Collaits of the fallowing components 3 

teeetien Was. 

Sabered* Retort el. 

Sabered* malt 

raves/et. 

SEM DESIGN 

Is order that the load may be conveniently applied to the foot*. 

print era flout disturbing the ova, a reaction beam (See fig, 1 end 3 ) 

no designed and prepared in the laboratory. TA. wain considerations in its 

&gigs were 

00 It should be light in weight (as far as possible). 

(b) It should be strong sough to withstand the sabant of load upsnud 

to be transferred through it during testing. 

(0) It muss be cepable et appiyiag UM vortical loads to the remand 
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41101  foot prints (smallest as well as biggest). 

(d) Its construction should be simple and easily aanwgeable within the 

limits of the facilities available. 

Keeping all the above factors in mind, a reaction beam was designed, the 

details of Stith are shoe in Figure 1. Leagth of the boas was fixed from the 

considerations of the sin of &prude and the position of the supports were 

fixed as considerations of the rigillyof hinge points end anxious coverage of 

the test area by the beers. It was made out of Aluminium metal strips. The total 

weight of the beam was shout 400 Ps. 

4,4. istUnainagainajo  

Neglecting the self weight of the beam and the friction at the bilge 

point, a theoretical relationship may be established between the applied lead 

11 at the end II of the Beam A0 and the resulting mottos 

at O. due to the load N, as follows : 

Let AO ■ a 

AB * L (leapt of Beta) 

Taking moment about the point A and applyinj the general conditions of squills. 

brims. 

A C. I  * M. L 

or Rea  it N. L  or  it  • tea . N 

In order to cheek the validity of above relation, an actual test was 

carried out with the help of as arrangement shows in Pig. 2 , The load V (any) 

was pat on the load pil4 at the end 0 sad the reaction I at the point Cues 

directly determined With the help of the balance as shoe in figure. The point 

A 	 a 

4w 



C was chosen at different places like 4(3. Ln. 21/3 from A end I was determined 

theoretically as well as eaperiantally. The agreement between the two values 

was excellent *edit was found that for loads mos* then 200 gem at the end 0 

(i.e.  200 gem)  the effect dee to fiction at the hinge A was *boost 

negligible (within t 0.20 maximum). 

Thus. rattles (1) was used la the further larestigations tar the potpie* 

of calculating the Reaction R. 

4.5. ANYOSUGAtIOAS ?CR SOMAS MITERIAL.,  

The choice of a proper subgrade material depends epos any factors. 

the most important of which are I 

(a) Uniformity in character. 

(b) *Aerial to resemble the seei•elestic and other properties widely 

obtained In soils. 

(0) the Physical properties and slue of the pavement. 

(d) totally workable. 

(e) lees liability of its getting affected by weather conditions like 

temperature and humidity. 

le ease of ibis model studies the value of Ife was taken as constant to 
emePare with the prototype conditions. Pence 6  the value of 1 as deflated ea 

the basis of scale ratio. this value of 1 depend on the values oft. iu sad 

k. The materiel chases for the model slab was proposed to be bakelite or 

patina because of the nein* explained later. The value of a and 14 for 

hakellte or patine used is 4 fixed quantity aid hence the k value of the embe 

grade had to fell within a certain range. To achieve this type of labored* and 



also to satiety the teeters mentioned above different materials were investigated. 

they are given below • 

I)  Out (Graded) with Bitten and/or Rubber Solution as binder. 

11) Hasp with  Bitumen  and/or Rubber solution is binder end sand or lime 

as tiller. 

III) Sand (graded as well as ungraded) with Rubber Solution as binder. 

iv) Send (graded) with Roerkee Soil (sieved) with Rubber solution as 

binder. 

v) Roorkeo soil with Rubber solution as binder. 

Par the purpose of preparing samples. in general a 4" (10.16 em) diameter 

meld wee used and the weight of material was kept constant is each type of 

mix. used. The compaction of the sample. In most of the cases was don with 

the help of *sedan baser wdgbiag S'S lb*. (about 2.5 kgoi) and having a total 

fell of 12" (e0.48 cm). 

Is order to get an ides of the sat k value of a particular type of mix. 

load. deflection tests were carried out on each sample. fig. 4 shows the general 

arranging& made for testing each sample in the laboratory. All the tests were 

carried out by loading the samples with the pap of g" diameter contact area 

placed enteilly over the /peels and loaded from the top by means of inotlea 

beam upto 8 km load is most of the cases. The settlement of the contact area 

er bearing plan was measured with the help of two dial gauges (reeding upto 

0.01 a.) placed diametrically opposite. Modeles of subgrade angles in kpa 

per emu per cm of deflation ems then determined in each case for each sample. 

the values are amemerised in Tole 448. 



FIG.4- DErLRm/Apinon OF rsk' VALUE 

FoR 5AMPLE a 40F" SUB GRADE 

MATE Rill I . 



To arrive at as approxieste valve of k, the values determined for each 

sample for 2w diameter plate were converted into valves corresponding to bearing 

plate of Ms  diameter. She relationship asy be derived oa the basis of Dr. 

142. Westorgoard's coaceptiom of medal,' of sebgrada reaction Is and 0.3.Doreiste 

analysis of deflection le layered system as fullews 

the value of ft according to Dr. il.M. westergoard may be expressed as I 

k a Load applied to the sample. , 

ANN of contact plate x deflection of plate. 

 • 
p 

P a 
AXA 

Also according to D.2. Dural star, 

a J1 1./8 a 
w B2 

*ere A 0 vertical displacement (me) 

p  • contact pressure Otgaltes2ii 

P  setotal load (igas.) 

it, a SS Radius of contact plate (eal se) 

B
2 	• Dodelas of Elasticity of bottom layer (0abgeade) (412./032) 

F
w  Displacement factor. 

Pose  from (3) is get. 

"  
82 

1.18 a Po 	
11  Otos 2.) 

Of 	 1  

1.18 Pim 

(2)  

(3)  



Vallee a single layer wets la the present case. FN  1 and therefore. 

,  s  It  , 60Nritemaw 	F• 
1010 

For a portico's% type of soil. the melee of E2 Is constant sad thus 

the quantity within brackets an the right of equation (4) Is constant for 

particular type of soil end may be substituted by a constant C. The relationship 

(4) thee assumes the farm : 

k  C. _Ls 
a 

1 
a 

 

(4) 

 

or  k 
a 

000004r 

 

15) 

 

Based on the above logical formula the it value of 30* diameter plate will 

be 1/15 times the corresponding value for 2" disaster plate. The values for 

31)* diameter plate are given in 41. 9 *treble 4.13. 

in all. 32 different types of ample, were prepared and tested is the 

laboratory as briefly described above. Although the limited woe hen say 

not permit a detailed account of each temple tested, * brief description of them 

say be given as follows s 

CCEtt SAMPLES 

Three cork samples were prospered by adopting Use grading shows in 

Table 4.2. below :- 

TAOLIt 4.1.  MOM OF CORit  



31. 

tat 4.1. BROM at cmg,  

As.pa 	Slat. 

sung from 	X Indies 	X Percentage of souk Mont II (gmOsamia 
f wel ht. 	or ink 	le. 

 

• 55 	 55 

15 	 15 

10 	10 

20 

 

Total 100 	100 

• tie eoastitlents of nob of the samples were as follows ; 

TABLE 41.2. COIL sates (CONsTMENTS) 

aft, of Cork ! wt. of Jabber! It. of Itlita4  Compution by esti lbs. 
Sample IC A  graded 	A solution • 	wen (30/40) - 13° fell) barer le 

X 	X 	X 410 	elms) 	(gas) 	" no. of blows. 

1. 100.00 	15040 	- 	130 In one layer 

2. 100.00 	100.00 	50.00 	150 la one layer 

3. 30.00 	50.00 	13.5 	150 la one layer 

trig. 6 shows tie appearance of a computed sample as well as of the see 

computed material. The test results are sumer( sed in Table 4.13. 

MEP SWISS ; 

Bap samples were prepared by mining Help and binder. To achieve 

through edging, the keep was cat late smtall pines (about 2 to 4 cot. long). 

• Sea Apnoea B. hr speolflestions of Oh motetial. 





The constitunts of each amyl* are sham in Table 4.3. bolus: r 

TAUS 4.3. 	MEP SAMPLES _SCuiSTITLENTS) 

Sionlo 
too. 

x 	x 	1 
X  X  X. of 

In. of X Sits of X eitolooX 
X HIM  X Rabbet x (30/40)Xssisg 
X 110210  x gelatin( (gnu) 
X  1  (nut X, 

X  X 
x wt. of fillers, f okoopaotion by 51 Lbs. 

surd pa aX time pa 
U.SX1  mg  X 12* fall hammer. 

X sieve RoX U.S.si -X  (no. of blow). 
/16.(ga)tevs (6.201P. 

4.  100.00 50.0  50.0  -  -  Total 200 in Two layers. 

5.  100.00 130.0 - - Total 200 in Teo layers. 
6.  100.00 75.0 t.0 • - Total ZDD in Teo layers. 
7.  100.00 100.0 12.5 - - Total 200 An Teo layers. 

8.  100.00 bsoso - - Total 200 in two layers. 

10.  100.00 150.0 004 . Total 250 in UP layers. 
11.  100.00 130.0 - 50.0 Total 230 in Two layer;. 

Fig. 7 Musa  tie appearance of compacted specimen along with the uncompacted 

materiel. The test results are tamarind in Table 4.15. 

4,6. ROIL SANPLE 

A soil sample (sample rb. 9) was prepared by nixing 100 ass of 

hoorkee soil (as available) with 1250 gee of Rubber solution and 100 c.c. of 

Petrol (Thinner). The ads was compacted under 20 blows of the 511bs. hamar 

in tee layers. This gave a maple of very high k value as can be seen from tie 

test results flows in Table 4.13. 

4.7. SAA0 SA PIES (Degraded) 

Ungraded sand samples were prepared as follow; : 



TAB 4.4. 	11 4DED SAM SAMPLES Wat . aO  

X U. of lad tan) X at. of 
Salt 12::::Stt nitatala 

12 1000 - 100 

13 1000 - 50 

14 750 200 100 

17 1000 Conn P200 175 50 gn. 

19 1000 Cant P40 130 
50 gm. 

Light tamping by stint of on Inn rod 
is three layers. 

- D o - 

— Do — 

by sib. 12" fall hammer given Zi blow 
it Total. 

Total blows of 511b 121  fail haw 
35 la two layer.. 

4.8. COSS CRUD SNO SWUM : 

Preparing the $41,1411 

(s0 

of thin The following 

group.. 

TOLE 

grading was adopted tar 

4.5. 	CQflR* Map 84118 

Sieve Sin U. st -- 	 X 
X or Total Wen X Mount of nob Pa 	

X 

X portion in 1000 998 Passing from x Itatainte oa 	x 

Nee 	8 No. 16 30 300 

tip. 16 do. 30 30 300 

No. 30 No. BO a) 200 

Ws 50 No.110 10 1C0 

No.100 tio.Z0 10 100 

Total 100 1000 



The sonstitunts if each of the sample; were as follows ;- 

Table tie. 4.6 COARSE cam sup SitirLES (Constituents) 

2X 5.001.  w et. of  w  et. of Ce-w  of !0Cmpactioa by standard 51 lbs. 
""  send SI :meat p3:0 4  tabor  !A' fell hammer. 

; Oslo ; (ons.) ! Solution. 4  

i5 

16 

1000 

1000 

50  150  10 blows to first layer and 
35 blows to second layer. 

50  LS)  Light taping in two layers. 

Test results are shown in Table CIL 

4.9. SANO sole sAmoo. 

The coestitesets of this group of samples mere as iodinated Wows 

Table *). 4.7.  .111241a3Sleia (Opastitueets) 

X Boothe* 
X soil 
I  , (gas.) 

500 
(9 4) 
500 
(! 4)  

fr  Coma X lubber 
P  solatioa X Compassion, 
(QMS.) ! (iaas) I 

25 
 

iso  by 5  lb. 12' fell 
hussar in two layers 

130  each given 15 blows of 
hammer. 

Sand 
Sample Mo.x

X 
  ,si  

(as.)  

16 	500 

20 	500 

the test results are show is Table 4.13. 

4.1 0  .aratiZDAULLS21A 

The following grading was used to prepare samples of this group. 



Tat 4.8.  DINS8 OR ow SAID (9 

Owes 
A 

Its  Y of Total 
t, night. 

A 
Amount of each 

X portion la IMO gas. 
X 	easpels. PaillA8 tral  

X  ini tetata  04 

we No. 4 15 150 

hs.  4 No.  8 5 50 

No.  8 No. 16 10 100 

$2. 16 No. 30 15 150 

No. 30 No. 50 25 

14). 50 No.100 wa 300 

No.100 No.200 10 100 

Total 100 1000 

Sample No. 22 was prepared by using 1000 gmt, of send S2 Dahl, 4.8) 

asd 40 gas. of assent (P 200) bladed by 130 gas. of Rubber Solution. This 

aoupsatioa of the compel wag se for sample ND. 18 and the test results are Mose 

la Table 4.13. 

4.11. ROMER SOIL SWISS  

awakes Soil Sample were prepared as follows 

MLA 4.9. ISM= SOIL. wpm  (ccosurturs 

inind 

i 	1 42 	IL 1 1 241 I 1 
Soothes  P 16 t 30  -  40  55  100 
soil 
(sieved)  P50 t 80  .  CO  550  900 

P50 it 100  .  560  395 
P 4 R 100  LOW  .  . 

Comtd....37 

Xr  sfAtiofSael_Lep4S•.,_....  
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Table 4.9. (Contd....) 

   

2  

 

lubber Solution. 126 	us 	*a 

 

(bisection by 53 lbs. 
II" fall stavdard 
hemmer. 

Compaction is two layers each given 
13 blows of the kaiser. 

fbr test results please refer table 4.13. 

Sasple Na. aa gave the k value of 0.637 kgmicia  which Was within 

the range required for testing. Moreover it produced homogeneous* ISmtriPlo 

mass of soil and rubber adhesive having desirable recovery. 

Ter obtain the further soutifientions for quality control in the prepare. 

ties of sabered, mere samples (No. 26 te 32) were prepared with slight modifi-

cations as given below :- 

Sample No.  

The constituents of this sample were as falloal 

I. Coarse sand 	(SI )  (rabbi 4.3) SOO gm& 

2.  Soothe, Soli (Pao aao) cm. Sine/ SOO Pe• 

3.  Cement ( p 200) 23 gas. 

4.  Ribber Solution. 130 mu 

The compaction wee done as usual by 30 blows of beim. Before testing. its 

bulk de city WS determined aid found oat to be 1.03 gmge.e. Table 4.13 

shows the test results of the sample. 

Sample Na. 27  



Semple lb. 27. 

This sample was• agile prepared out of ,4 50% sand si  (Table 4.5) 
sad 50% loll (I 200), To eke the epermeatage of each MO of their gradient 
present is the mials. the sample (1000 gee.) was sieved. The results were 
as fellows 

Tat 4.10. 	satmtcy. oasts OF $41) $011, seta  

WM rtae Pis.) x wt. of each % of total weight Pandit Ito 
imalimbe 

!Welded es X portion in gas.1  
No. 4 No. 	8 12.0 1.2 
t13. lb. 16 169.0 16.9 

NO.16 30 137.0 13.7 
No.30 No. 50 269.o 26.9 
Ne.50 mato 290.0 29.0 
No.100 03.200 88.0 the 
Pb.280 33.0 3.3 

Total 100040 100.00 

the sample was mixed with 130 as  of Rubber ;elution end was compacted 
by the Standard beater giving 30 blows In two layers. 

The hulk density of the six was 1.5$ ge/o.s. The other test results 
are shown in table 4.13. 

SAME lb. 20 and 29,  

The mechanical angleds of the and 44 541 nix (50% each) used 



for preparing those samples gas as dome below 

TABLE. 4.11, MKOMATCAL ANALYSIS OF SAND 6 SOIL alffalt. 

41.80 014A1 !it. ! Percent of soul 
X 	weight. I 

P411$1119 fres x  Retained aa 
of 'sok 

la A  portiom st  irip1 

No, 	4 lb.  8 11.0 1.1 

No.  0 No. 16 169.0 16.9 

Yo. 16 No. 30 155.0 ALS 
Nos 30 NO. 00 203.0 20.2 
No. so No.100 261.0 26.1 
No.100 Ms= 91.0 9.1 

*alio 31.0 3.1 

Total 1000.0 100.0 

fbr maple No. 33. 130 0.14, of rubber opIutIo* was seed while for No. 29 

apo ges of solutlos was used wits 1000 gess of jell laud *inure le each case. 

TAa oospaotlon was done by GI lbs. 12" tall karma le two layers (15 blowS 
per layer) 

The enmity analysts showed 

Sulk density of 'WI' 20 
 1.37 gests.o. 

limit density of tempi* 29 	 1.31 Opeta.o. 
The other toil results are skews In Table 4.13. 

343PLES 30. 31 And 32. 

All cm be MO from Table 4.13. the test results of samples 26 to 29 



were not uniforms Farther tests were aerobes necessary in order to obtain 

better control over the uniformity of Mae subgrade material. Keeping the other 

factors constant compaction was varied in each sample and its effect over 

balk density and •k• value was studied. the test results were as follows is 

141112 4.12. fit $0I SAMPLE)  ccontscro 

Sample X *spangle by standard 511bX °elk density X k valve (Theoretteall 
No.  ban 12" fell.  gmlifo.e.  A oorriesinum0ng to 30" plate 

X  X  

30 In *as layer with 30 blows 1.30 0.713 

31 1e two layers oath 15 blows 1.57 1.100 

32 In two layers each 5 blow* 1.35 0.749 

M.O.  For preparing each samples 1000 gwa. of mixture was mixed with 
150 gee. of Dabber solution. 

The properties of finally selected material were found to be similar to 

that of 'ample NO. 32. For grading of the material rotor Appendix A at the 

ead.ef fig. 8 shows the appearance of compacted samples. 

4.12. 0E510 0F 500121401 M0ULD. 

Sagrade of the model pavement was prepared is a skald. This 

mould facilitated the coepectioe of subgrade material during its preparation. 

Ovieus17. the mould was designed to be able to take the computing loads without 

the wells Olin way. The details of the subgrade mould are shoo in Drawing 

Mo. 5 C 2 MD. 10). rig. 3 shows the subgrade mould along with tko Meths 

beam in the initial stage before filling the mould with the 'Ogled' material. 
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Adetachable bottom made out of Isaisated wooden planks we provided so that 

mould may be tam out leaving the subgrade in gentles if required 

4.13. VIIPARAtION OF SLMGRADB. 

as mentioned *artier, the material for preparing subgrade so fled of 
seed, loorkes Soil and Robber Solution. 

As it was decided to have the subgrade similar to Sample No. 32, the 

quantities of materials required for the conetructios of TT em It 77 cm x 30 cm. 

thick enbgrade were calculated and ore given in tibia eb. 4.14. Tie *Natalie 

shown in Table Pb. 4.14 ittolude as allowance of about 10% for the voltage of 

material during mixing and handling. 

TABUI. 4.14. QOANII/IRS OF =MEWS USED FIR PREPARING 
Wit RI1L  

X  
Notari  % to be al(  Properties of materiel: mix. Total cptantity required 

9.4216) 

84nd P 8 1 18 IS 43.0 
P le i 30 15 45.0 
P 30 	It So 20 30.0 
P 50 5100 5 15.0 

P2110 1200 5 15.0 

Roortee 
soil 

P 4 1200 SO 250.0 
Total. 100  - 300.0 

the iagredieste after sieving separately were weighed sad them mixed 

together throws,  , three temples were this takes out of the hoop aid sieved. 
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The average of this sieve motivate is shove in Appendix A. 

Is order to obtain suitors COOMOtion, the aubgrade was prepared in 

layers as was done Orion MO. testing. AI approximate thicklell of 2.5 as. 

for each layer urns adopted The materiels were mixed. is a mechanical mixer 

(see Fig. 5) bolding a charge of 9 Igo. sand soil and 1.35 kgn Rubber solution. 

Table 445 mows the cocci guantitiet of materiels used in each layer of sab. 

grade prepared. 

Tag 4,15.ANITTIIIS OF japltltaLs USED IN n171 LAYER Or Alfa 

X material used is 100. 	I *SI fau 	pf inpr _pm 
Layer No. X Send-Jail. X Rubber solute X at the end of Sipaction 

bat. 	X 	darkest 	I 	thq.1 

1. 36 5,40 1.9 0.6 

a. 35 5.25 3.7 9.4 

3, 36 5.40 5.5 10.0 

4.  36 5.40 6.8 17.3 

5.  36 5.45 0.5 24.6 

6.  36 MD 10.6 27.0 
SMOINNIMpr 

Aa attempt wee made to achieve a capitation similar to that of MS* 

No. 32. and the number of blew; of the standard hammer to be gives to the enbgrade 

are calculated or the basis of the exposed ere* of the sample for purposes of 

compaction. Table 4.16 thews the number of blows given to tech layer and the 

result, of bore hole tests. The test samples were obtained by wane of a 

cork borer Use 91g. 9) and density was determined for each of as by mercury 

&viscount method. la order to avoid week spots formed by the removal of 
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notarial from various points, the test holes were ataggard as shoo is fig. 11. 

Each hole was filled back by the sees type of materiel before laying the next 
layer. 

VW 446taisadstion 'Sae hole ttS. 

Layer 
A Maher of 	kon hole 
X blows of steal maple lidera hauler Eo 	Ne. 

Xfiferage DeaaltyX average Deihl 
X of bore hole 	 of the layer Is ,, 
X ascots in 	pas/c.o. 

1 
aststatteln 

1.42 
1. 1.424 2 1,45 1.41 

a 

3. 1.520 1 1.30 
1.45 1.43 

6 1.45 

3. 1.165 a 
1.44 
1.44 1.47 

9 1.53 
10 , 1.30 

4. 050 11 1.42 1.41 
12 1.42 

5. 550 
13 
14 

1.33 
1.35 1.34 

15 	, 143 

16 , 1433 
500 17 1.39 1.46 

10 1.65 

the top soot layer was finished moth to provide a a/Mrs contact 

for pavement. 



4.14 DESIGN or PAWZNT SLAB. 

The considerations utile undertaking the design of pavement *lab 

were as follows 2- 

i)  The slab must casein of homogeneous, isotropic, elastic material. 

it) It mast be less susceptible to temperature and humidity chops, 

ill) The modules of elasticity should be such that the dimensions of 

the slab ere neither too large nor too smell. (Scale ratio is 

dependent oe  value and I Is dependent on get refer Chattier 2 ). 

Keeping the above considerations in mind to materiels vie. perapex and 

Bakelite were chose* for preliminary in►estigatloss and the valve; of modulo; 

of elasticity were determined by beam teat loaded at the centre. The average 

value of modern of elasticity 080  obtained at the room temperature (about 

40°0 ) mere as tallowy:. 

1. Bakelite  6  s 129 x Io8  kgAdam2  

2. Perspex  k  a 26 x ID k00/012  

Bead on the above approximate value; oft the dimensions of ea infinite 

slab were calculated into eases and it wee feted that 11th the available thick-

a*** of pitmen sheet, the dimensions of the slab bosoms too mall and the 

instrumeatetion mill become difficult. Peace Bakelite was chosen for the model 

pavement slab. 

A slab of the sire 3134.1 x 38 au ums taken for preliminary ic►estlgatioas 
(the thickness of mob stab wee 0.1086 cm). It wee loaded con/illy by a 

kgm load over neaten area of 2 cm. diameter and it was Mad that the spread 
of deflection in the pavement was lest Mills the dimensions of the slab and 
home this silo was adopted.  
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Proper imetrumestation of the model is 44404641y for 114414T44464 of 

Strains sal deflections of the pavement slab due to static load,. For this per-

Pee. the complete inatromeatatioa of she model may be divided into the following 

compensate. 

1. REOUtEMITS FOR bEASLWEEKhr (F DEFLECSIOM 

(a) MP:or loading dieter capable of transmitting the required load 

ever the pavement. 

(b) Coatiot areas or foot prints of required sine which are loaded 

thrall* loading device and which mould transmit the sane to the 

pavamoote 

(o) Datum frame for fixing the dial gauges. 

(d) Dial gages of required sensitivity to record the deflections of 

the pavement at various polete. 

2. REQUIREABAIS rat OtASOIECENt CRAM 

(a) Proper loading device to lead the pavement. 

(h) root prints of proper sixes. 

(a) Electrical strain - pages to measure the strains of the peveseat. 

(d) Susie Indicator to record the strains directly, along with the 

conneetioe salts. 

5.3.  Reetttioa Ream as described earlier was need 46 the loading device far 

treessittlag the required load through the foot-print to the pavemest.(See Fig.3.) 



5.3.  Circular contact areas were used to the present investigations. 

The sixes of the foot prints wets fixed on the haste such that the test results 

obtained hoc thus may cover the entire range of prototype conditionsabe sixes 

of the foot prints used were 0.5 ea, 1.0 cm. 2,0 cm., 3.0 ca., 4,0 CA., MCC.. 
6.0 Os and 7.0 cm.. in diameter. 

5.4. 	Dewing in view the else of dial gauges available, it was not possible 
to keep them closer than 0 cm, centre to centre. Thus except for Interior loading 

where the deflection contours are circular, the deflection acesureoente for 

other loadings were ant possible. la the ease of interior loading advantage (f 

dotty was taken and the dial gauges ware staggard to be able to measure the 

dafloctions at 2 03. /part. tith this object In view the datum Imo was chosen 

out of a heavy U.S. Flat (See rig. 14 )  supported on the cubgrade could and 

secured to position by aeons of heavy weight as shown. 

 

3.3.  The dial gauges capable of reading direct upto 0.01 ca wore chosen 

for the moose and is all 6 Dial Gauges were used to evesure the defleetioe due 

to interior loading (sae fig. 14). 

	

5.6. 	the smut reaction bets was used as a load transfer device Odle 

acaturiag strafes (see Fig. 1 and 3). 

	

5.7. 	Circular contact areas of sizes of 0.5 C3. 1.0 cat 2.0 cm. 3.0 ca., 
4.0 ea.. 5,0 C2, 6.0 C3 and 7,0 am diameter were uced,throvgh which the load 

was transferred to the paveoaas, 

 

5.0.  Electrical strain gauges ware used to insure the strains in the 

Pend oat slab. The smallest sine available In the market was chosen so that the 
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sualmus amber of gauges may he fixed to the available area. 

The positions of the gauges fixed are Shown In fig. 12. Mille flaing the 

gauge advantage of symmetry was taken senetimas and the gauges wore niggard la 

order tomeasure the strains more closely. Fig. 16 shows the strain-gauges is 

position along with the wiring system ased. The Specifications of the gauge used 

were as follows 

(a) wake 	Rohn, & Co. neorhee. 

(b) Type 	flat. bonded wire. 

(a) 51se of grid 	About 12.0 vs (14") long. 

(d) Oise of Gauges 24 CZ x 10 moo 

(e) Gauge factor  2.9 t 2%. 

(f) Res/once (varied for different ganger) 

i} 	ler gauges Ne• 1 to 21 (except Mo. 30 ,5 ) 

11) For gauges no. 3 and 5 

111) far gauges Mb. % sod 20 A 

iv) Par gauges no. 22 to 33 

v) For gauges no. 34 to 42 

v1) For gauges S. 43 to 40 

10.5 :1; 0.5% Chas 

119.0 4, 0.5% 

116.5 	0.5% 

116.0 t 0.5% " 

115.5 t 0.5% 

117.0 1 0.5% " 

5.0.  To record the stratus. a highly precise strain indicator Bridge was 

used. the seelfleations of which Were : 

(a) Nett 

(b) Type 

Ouggenherger. 20rich. 

Tepic indicator Typo I Ilk (Portable transistor High 
precision strain indicator for static and dynamic measuremen 

(o) Calibrations : Strains in 5 micro-units. 

5. 
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In order to oake the test procedure easier an additional unit "Topic 

Compensator" ties used along with the indicator (See fig. 7) . This unit 

facilitated the commotion of 12 - strain gauges which could than be read Ovule 

termusly by means of a change over knob as shown in the above cautioned figure. 

5.9. TesTING flaCIOURE. 

Dr. 11.4.liestergeord in his theoretical analysis of stresses in concrete 

permeate (4) has mentioned three cases which are of particular interest for 

calculating the critical stresses. ne stated I- 

N Is case 1 a 'heel load acts close to a rectangular corner of a large 
panel of the slab. This load tends to produce a corner break. The critical 
stress is a tension at the  sop of the slab. The resultant preplan is 
444440 to he on the bisector of the right eagle of the corner at the pall 
distance a from each of the two intersecting edges: the distance from the 
comer. accordingly is al  a tti-2 	in case IT the Ace/ load is 

at a cometdarable distance from the edges. The pressure Is assumed to be 
distributed uniformly over the area of a seall circle with radius a. The 
critical tension occurs at the bassos of the slab under the centre of the 
circle. In case III the Asti load is at the edge. but at a considerable 
distance from any corner. The pressure is attuned to be distributed 
uniformly over the area of a smell sealctrole with the centre at the edge 
and with radius a . The critical stress is a tension at the bottom udder 
the centre of the circle •. 

Is the present Investigations. the same three eritieal load positions hove 

been investigated. 

the enema series of Tests consisted of the followings 

(a) Sahara& Investigations 

11 Tavestigationr for the proper type of material (already discussed 

in the previous chapter). 

11) Tests for the grading sad density etc. of sabred' material 

(already dose la previous chapter.) 
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ill) Dettroimation of modules of =Weed. rawatten, 

(b) Pavement investigation* s 

i) betermleatien of the modulus of elasticity and poison's ratio 

of the pavement materiel. 

11) Strain distributiom patters on the pavement due to wheel load! 

placed at various positions. 

DETERMINATION OP MR NOD LOS or SUPORsOM Regfial 

L.P.Teller end tail C. Sutherland (it) have suggested three methods 

for determination of the modeles of subgrade reaction which in short are as 

follows se. 

i) Load displacement tests s in Such loads are applied at the centre of  

rigid circular plates of relatively small age, the pressure inten-

*Sty on the soil being uniform ever the entire are* of the plate. In 

these teal the applied load, the mean vertical plate disPlaveveat 

and usually the time intervals ere measured. 

ii) Load dlirlsosont or load deflection tests in which the load is 

applied at the centre of slightly flexible rectangular or circular 6 

plains of relatively large dinaisloas. in this case some bowling of 

the plate (or slab) occurs ead the pressure intensity (seder the plate 

is mot sniforn throughout the area of it; contact with the soil. 

The lead, the vertical displacement of various palate tireughout 

the area of the plate and possibly time intervals are ensured. 

iii) Loan-deflection tests on tall size paveacat flab; in tibia the 

lead deflection data are obtained by monument and said in totter° 

Pads* deflection &teals. to provide a value for the modish*. of 

aubgrade reaction 40. 
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out of the above three methods mentioned above. second one ass food to ha 

most sellable for the present case and the modules of savede matins for the 

subgrade was investigated by the method Ili) out lined above. The pavement 

alb was used as a flexible plate (*pare shape) and the deflections of the 

plate at various points were determined. Figure 14 Shoes the general AUT80#OROOt 

of the apparatu$ for this purpose. Figure 13 shows the deflection contours sad 

oalcolatioas. the value of 44  has been determined as follows te 

Medals* of sacred' die:01*mM 

total tgrliell laKpolle511ADesibtride.  
Volume of the suhgrede diepleoed due to the applied load 

a 
	st  

V 

where V a Total load in Dims. 

g s Value of subgrade displaced in co. 

to all eight seas of observations were made to determine the 40 value and 

the calculations sloth to those shows in fig. 13 were made for each observation 

An average of these was then token as the 'I' value of subgrade which was 1.5 Sgei 

cm . The other values were within t 	of this average value. 

DETERMINATIOR or B AAD /4 or PAVEMENT MAIM& I.B. OAKELJTB. 

The B end /m values of the Bakelite were determined in the laboratory 

by a beam test on the material. For this purpose a test ben 35 ou long and 

2.527 a wide sae prepared out the sass materiel as used in pavement. This had 

a thickens of 0.706 es. This beam ens simply supported isee fig. IS) between 

two points 32 a. cert. It was load at two points (each 0 ce. from the point 
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fic. /4,- AN ARRANGEMENT MADE 
FOR PAVEMENT DEFLECT/ON 

MEASURE mEnrs. 

FIG. /5.- BEAM TEST FOR E'& ;ti 
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of support) sad its deflections et the centre were measured  a direct reading 

dial gauge of beasitivity 0.01 sm. with the help of these load 4-enaction data 

obtained. the E value was determined by the formula it 

11W43  
304 I 1 

where g  •-Webs of elasticity of the material of been in KgW'022 

a Lead in Kw at each point. 

1. Total length of Deem in Cms. ma Gas, in present case). 

Reflections at the centre of beam due to load 4 (0ae.) 

For getting N value. two strain gauges (electrical) were pasted (one 

on each side of beam) at the centre of beam. The 6" long strain gauge Ws pasted 

in the longitudinal direction and r stvabagenge was pasted In the traesveras 

direction to measure the strains in the corresponding direction. The Poisson's 

ratio lA wasthes determined as follows s - 

AA  Unit strain in lateral direction.  

Unit strain in lonpitudiaal direction. 

The average of 9 observatione for each gave the following results 

0.144 x 10
6 

Ikle/Ce
2 

N • 0.32 

N.B. The experiweets were carried out at the room temperature of 309  C. 

MEASERESAT OF STRAINS al WAS PIVUENTS. 

As described earlier, to get the strains on the pavement surface RO 



Poi/rioNS or STRAIN GAUGES 

1411rif WIRING SYSTEM  
USED. 

Etc. /7- AN ARRANGE' /VENT MADE FOR 

INTERIOR 4oADING TEST. 

(rpa- mancerog 4, COMPENSATOR) 
oiv 7-1-"E RIGAer . 





Strain gauges were employed (see Fig. 12) with the help of these strain gauges. 

Stratus were recorded due to a load of 5 [gm. acting over the foot prints. Data 

were obtained for strains for the following eases I 

1) Load of 5 Row. actin on foot prints of 0 different sizes (0.5 es. 

1.0 cm. 2 ow. to 8 sm. diameter) placed at the interior of slab 

seperately. 

2) Similar data when the load was acting at the edge of the slab. 

3) Similar data when the load was sating at the corner of the slab. 

Appendix C. 0 and R showtheTypical data sheets for the tbreo different 

cases of loading. Other data were recorded similarly. 

Figures 17, 10 and t show the general arrangeocite made during the 

observations for strain measurements at three different critical positions. 
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ANALYSIS OF TOTS AM 01'n, ION OF YOST hissuLT. 

6.1. FEMS44 Caen:103s =III Unit. 

Ae attempt was sods to obtain a full subgrade support during totting 

so that the results obtained say be compared with the theoretical values. based 

es Mestergeares analysis. For this purpose, the top of the subgrade was finished 

smooth and a very this layer of tend (flue) was used to fill up aey irregularities 

In order to prevent the II/flag of the pavement during loadlop, lead cubes of 20s. 

adze mere distributed uniformly over the satire pavement. thus. besides acting 

as a preventing device for the liftiag of pavement. it also helped le simulating 

the field coaditioei. 

the ',del slab used during the tests was this and therefore so warping 

due to difference in top and bottom temperatures can be evened. &Utterer the 

model was tested under roof. flowerer. a ideate change in  value of the paver 

meat material may resat due to variations in temperature of bakelite sheet used 

ea pwrosent. Thee, the teat were adjusted in such periods during which the 

triPernture varieties was 'deism and close to that at welch the 'V value of 

Oarsmen meterial was determined for tke purpose of calculations. The miasaa 

temperature during the tests was about 3300 and minimum masted% 25°C. The 

average room temperature at which the '6° value of pavement material was deter, 

Wood was shoot 30°C  The Pelssorli ratio of the !Scalise used was ale, tested 

at this tesperaturef 

The modulus of subgrade reaction i.e. '10 value changes in the field with 

the dugs of misstate neatest. in the preset investigations. the subgrade 



was prepaid out of such materials Alen 'laminated this factor. Nees a constant 

'k' value of 0.144 x 10e CgmtO S  (determined by loading the pavement) was 

eased to be maintained in all she tests. 

6.2. LIAtfAtiCcis IN 05f4RVOIONS. 

The deflections of the pavement were measured only In the use of 

interior loping. for this purpose direct reading dial gauges having least count 

of 041 am. were splayed. 07 reading to the nearest half a division the obser-

vation wore recorded within a variation of * 0.005 mm. The cite of the dial 

gauges did not permit to record the deflections, nearest then B cm. centre to 

centre but by staggering them, observations could be made 1 4 am. centre to 

centre to ease of interior loading. An mrreagenent similar to one shown to 

Pig. 5 was side separately to record the deflection at the centre of load by 

averaging the values obtained from two diametrically opposite dial gauges. Because 

of the difficulties mentioned above  the deflections could not be recorded 

for other loadings. 

Strains on the top of pavement surface were recorded by Otani of *heti/Cal 

slrate-gauges of gauge (or grid) length 12 ea. and it was aimed that the strain 

recorded by the gauge 10t acting at the centre of the strain-page grid. For 

the measurement of strains. IlUggenberger, Topic iadiester was ■sed which was 

calibrated to reed strains directly ups* 5 x 14b  centimetre per Centimetre. 

Beals* of the slim of the strain-gauges (with paper carrier) the dolma anodes 

at 'high two adjacent Oran gauges could be laid was 3 mu Mt maximum distance 

varied according to requirement. the distances are above in Fig. 12. 



the 'IS' and *  of the pavement material was determined in the 

laboratory by a two point load test on a been. The stresses for the purpose of 

*/" ' determination were recorded by meses'of electrical strain gauges *mire 

the conditions Similar to those sectioned above. Fer 'I' value calculations 

dines reading dial gauge of the type mentioned above was used. As WWI ionise 

wants (fa, the dial gauge and strain recording bridge) have their owo limitation 

the accuracy of tests is elms limited amd ultimately. the stresses calculated by 

use of these values of 'I' and °}A ' will also have ems lisitettoet. thee* 

limitations can be considered as negligible and not affecting the stress value!' 

calculated on is evident from destroyer's, equation; (4). 

b.& WOOD OF STRESSOSTERMINSIOrl 0124INIO. 

The experimental ;tresses were determined in these investigations 

from the stratus sooturad during the teats. For this pupate, strains in two 

perpendicular directions were measured  If er  sad it be such strains then 

from well know Hook's Law we can write s- 

t er  

t et 

where S a Watts' of elasticity of the pavement material. 

to a Polis0424 ratio for the pavement wavelet. 

as st. 	Stresses in the directions corresponding to or  

respectively. 

Combining the above two equations we get. 

m sr 	w /ti st  

a  St 	4. 	St 

and of  

sr  m  ( ar  

1 -
/tt 

4' /A 	) 

 

(3)  

 

st 	et ( •t 	or  ) 
An-  

(4)  



Mich glees 8 
It et  

Sr a 1 •• 
(3) 

limeetionfi (3) aid id) are genera equations and can be applied for analysing 

any two perpendicular directional *trains snored at tie sese point. At ankle 

positiessi they can be simplified as follows in 

NAXIIWN VirlatiCR-WAD-StREssis 

Tit maxima latency loadortreasse ewer below the centre of load amd 

She stresses are equal in all directiaae, or astimatinelly 

Sr a  St 
thus, irce equation (3) sad (4) are get 

It a  It 

Substitutieg the neareationel tip • " 	for 	
SrST 	• we get 

the sendasta interior stress ea 
et  

61 • 	 13 al 

sort 	 STEMS 

For loading at a free edge the stress is a dinettes perpendicular 

to the edge is ten i.e. Ss is Q Thus, fres equation (4) We get, 

at 
we get, 

It 	and substituting this value of es  la scathe (3) 

Sr a t et  

This relationship nay be used for calculating the edge and dormer • edge stresses. 

4 • • 



6.4. OALTSIS OF ITITI811X Lot stews DATA t 

Figs 20 to 27 represent the tangential and radial stresses doe to 

interior loading Nth different contact areas wider 4 load of S tens. These 

stresses were obtained with the help of strains measured on the aortae* of the 

pavement (Refer equetleas 1 to 6 pare 6.3), A positive stress In the diagram 

represents tensions while a negative stress represent' a compression 14 She slab. 

Each figure represents the stress distribution patters for each foot print used 

during testing. 

These diagram* show that 

1)  For al) the contact areas investigated, the axiom stress occurs at 

the centre of the load. 

11) The stress (meteors are circular with load point as the centre. Both 

the radial sad tangential stress.; decrease with increase in distance 

from the centre. The negative leompressive) radial stresses or the 

Sop of the do read a aro value at a certain distance from the 

centre widths, become tensile welch also reduce to sere at another 

distance tree the centre. The tangential stresses else reach sure 

value at a certain distance from the Notre end later do not become 

tensile. Ike point Woad which so stress takes place is some for 

radial and tangential streusel. 

ill) In all the cases, the seeprossive radial Stresses are lees than  the 

tangential stresses outside the loaded area. 
istotiaz 

iv) TimAstresses hereon sere at a distance of sheet 7.25 en. to 7.5 oes 

or at about 0.9 1 free the centre of load with varying contact erne 

sad revisit lead intensity. 
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v) rho stresses are conceatrated in the vicinity of loaded area. 

vi) Teo tangential stresses which are always empressive bootee zero at 
about 2.8 1 le all cases of varying contact areas and varying load 
lateasity. the radial stresses also tend to become germ again et 
this point  (1.e. 2.81). 

The theoretical (based on lesteeptardis (4) equation) mid observed critical 
stresses have been compared in figure 44. It can be seta from the figure that 
mama for a slight variation of-14 to +.8$ both the theoretical sad **perfume'sl 

curves agree. The observed stresses are slightly higher that the theoretical 

stresses give* by itestergaters equations based on liquid sabgrede theory. It sax 
therefore be concluded that the lestermtard's onalysis is applicable to interior 
loading. 

The effect of the site of the contact area on the critical stresses eta be 
studied froa fig. 44. It is clear that the increase is the Mn of contact area 
or in otter words dares** is 1/a ratio leads to the reduction la the ciliate' 
!stress i.e. point loads are sera dangerous tram poise of view of stresses in the 

pavement. 

The 'pried of stress gone is independent of the site of contact arm and 
;pad intensity. 

(.5. 1UALTSI$ OP EDGE LOS MESS DATA. 

figs. $ to 33 present the tangential and radial load stresses due to 
edge loading with different goatees area under a load of S Egas. These stresses 

mire obtained with the help of strains measured on the serfage of pavement. 
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(refer equations 1 to 6 pare 6.3), The same coaventioa as described in pare 6.4 

has been adopted here to represent the striates on the diagrams. 

The figures represent stress distribution pattern along three limn i.e. 

along edge, slog a perpendicular to the edge, and along a lime flp  to the edge. 

Those diagrams show that t- 

I) 

 

The critical strata occurs right at the edge under the centre of the load 

ler foot prints of 0.5 . 1.0 and 2.0 cm. (or equivalent to 0,0616 1. 0423 

1 and 0.246 1 ens. on prototype slabs), but for other higher main areas•  the 

critical stress starts shifting along the perpendicular line (possibili) at 

the centre of gravity of the contact area). However, the critical stresses 

always remain within the area of foot print. 

II) The critical stresses are elvers compresalve. 

lit) The magnitude of compressive tangential stresses along perpendicular is 

greater than the magnitude of stresses in other direction in most of the 

eater, However. the concentration of streets; is altar the load point. 

1111) The are stress octave along the edge et a distance of about 5 to T.25 cm. 

(or 0.6 1 to 0.9 1) i.e. the spread of stratus along the edge is withie 

a distance of 1 on either side of the load. 

iv) The 'tresses are gamed widely along the perpendicular line. The critical 

tangential stresses elope the perpendicular line occur near the edge and 

are zero at a distance of about 10 ca. or 1.25 1. the radial stresses are 

zero at the edge and become madam at a distance of about 0 co, or 1. 

(al) Se far the magnitude of stresses is coaceraid„ the compressive stresses 

are maximum and *mar sine and Parallel to the edge, the maxims Email* 

stresses occur along the perpendicular to the edge mid ere is radial direst-

tioa from the centre of load. 



III) As the slab dimensions are Infinite for this case, this patter* of sires 

eill hold good for ell infinite slabs. Stresses inffielte slab cases 

require separate investigation. 

The theoretical (based on WesteMpaerd's equatiea) and observed critical 

stresses have Nee compared in Fig. 44. it can be seen Irma the figure that 

both the canes are almost identical. the maximum variation is 0% from the 
• 

theoretical values calculated by Westerisserdis equation. The observed stress**, 

are less than the theoretical Stresses. 

The offset of thesis, of oontect area on the critical streams may be 

studied from Flg.'44 which shows that the increase in the site of the contest 

area or decrees. in 1/a ratio leads to the reduction in the critical Stress 

and hence smiler °Detect areas are more dangerous. 

6.6. ANALYSIS OF COINER 1.010 guns ogA. 

Fig. 36 to 43 present the tangential and radial stress due to corner 

loading with different contact areal nada e load of 5 KORS. hum stresses 

mere obtained with the help of straissmeasered an the surface of parries 

aster OceletiOes i to 6 pare 6.3.). The same convention as described in 

pare 6.4 has been adopted Sere to repriseet the stresses on the disarm°. 

The figures represent stress dlitsibetion pattern along the comer-edge 

and cornerbisector. These diagrams Oboe that s 

i) The critical stresses is case of loads placed speeetrically on the corner 

of a pavement occur along the corner bisector. 

ii) In ease of higher Contact areas the region of maximum stress is wider 
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at the edges thee at tee coreer-bisector. It say be possible that to 

such eases the critical sum/ may lie along the Sze, Nothing definite 

can be said at this stage and hence it requires further investigation by 

etPleflo0 tootle strain gauges at closed intervals, 

lip the strews contours reveal that the stresses are concentrated Whew 

the point at which the critical ;tress occurs and the corner. Them the 

Nape of sateen changes rapidly. The contours are flat curves net 

She contact area which gain curvature till the critical distance is meth-

ed end then they again flirt flattening out. 

iv) The animus anises are tensile and are radial, The tangential stresses 

are compressive epto a distance of about 1,25 to 1.50 1 where they an sea  

and thee they also beeome tensile, Newever, the critical stresses (radial, are 

slays tensile end greater thee tangential stresses. 

The theoretical (based on Westergeerd's equattuas) and observed critical 
stresses have been compered ia figure 44, Is can be seen that there is an 

ePPreeieble variation in the two ;tree values and the values determined ere 

excep 
less by 20% to 2511 from the theoretical velneedart   7,0 as diameter coated 
area). 

As will be seen in the following paragraph, Ike critical distance has lo-

creased by about ZS thus, it appears that the total stress het beet *reed 

over a adder area than calculated by Dr, U,N.Westergsard and hence the probable 

roses for the rednctioa in critical stresses. 

Fig, 43 shows the comparison between the observed and theoretical value; 

of the distal's*
I  la, the distance at such tie corneal career load stress 



are always slightly eon than the theoretical values of xi (except for the 

contact area of 1.0 as. diameter) Rased on these test results. the Mastercard's 

equation of critical distance xl 1.e. xi a 	2 ( 61.1 )4  kati  

beet modified to follow the observed values (see Fig.  the procedure for 

arrigisg at the modified pasties xl •  2.2 ( el  .1)  is diagraa►aati- 

eolly represented in fig. 46. 

It is to be Observed that out of the three types of loading the stresses 

decrease is the folloadng order s 

Edge stress. 

interior stress  and 

corner stress 

though the variation depends upon the value of Ite. this holds good for 

theoretical as well as observed stresses. 

6.7. SLOG AM 40,10.03. 

• 

The '1" value of the subgrads mss determined in the laboratory by interior 

loading of the slab (Refer Chapter5 ) From the data obtained in this stadia. 

is le clear Unit the effective subgrade modulus is almost the same for interior 

off edge leading. in ease of career loading. the stresses (chained) are lets 

than the theoretical stress calculated by Mastergaard•; analysis based a 

liquid =hared* assumption. Three probable reasons say be assigned for this 

deviation t 

i)  The effective shared, modulus may be higher than substituted in the 

liestergaerd's equities for purpose of getting the theoretical values of critical 

Stresses : 



Ii) There say boa plastle flow in the punnet due to teed which redact the 

pa seeet stress's. 

111) Additional poppers  of soil obtained at the free edges of area say lead 

to decrease the stresses is the perseent duo to area ladle,. 

It is 114411.11% to note here that. the sue plasma was obeerved by OA 

lerestigatioes also (2). An exteudre study will therefore be mosessery to fled 

out the vital reams for rash a phaseout. 

6.11. iiPPLICATICti  *]*C. TEST BESULTS. 

It was pointed out is the previous chapter' that the model Oodles 

err ray useful for predicting the behaviour of prototype slabs. This Is that 

tretad by means of few practical Maples below :4- 

Itiseta so. 1.  Data. o 

Sol load P  so dam Kge (app. •Epp lbs.) 

beaus of toot Wel e a 15 Ce. (.Pp. be, 

Thickets* of Slab  .b a 13 Cs. (App. 6, 
(Pallsoess retie of 

aserete)  /AMP 0.15 

Modulus of about resetios k a 3 1014,00 (app. 100 lbsfin$ ) 
sap" of gl000tojoy of cane  g 	

0.20 A 106 -1,0100 

(app. 29 ot tab  lbs(in2) 

(Slab Infinite in almeeslons). 

Let it be required to predict the critical stresses when the wheel is plead at 

the Interior of slab. them 

(I) 	 a 
	h

3 

12 ( 1 •At) k 



and gm, 

a 6116 

II) h a U.6 ma t h3 	- 0.678 it ea 
a 	1.724 h. 	aad Is a a when s 7 WS he 

therefor* is presort olan beta bS Om. 

Ili) Matte 1 it  a for prototype a WIS a 4.4 

• 
lig as MISdl•INIIMMIMPIO 

4.4 
8.1$ 

OaMaIMINV•101.1=0.61•10 

4.4 

• = ibes ea 
a 1.85 Ce. 

as a 2 1.724h 

era > 1.36 ca. 

I') Ma fig. 444 far a value of lie a 4.4 we Pt. the stresses in the medal 

slab l.e. a as 11.4 kgeita2.. Urns gm asuatioa tip of Moto 3 
I le 

01 a
P 	( + 	) • Ulla illanr.  

lit 42  t 1 4/44 6  le lc.
% --a  

4 
bio 

a 22.3 kr/a? 

rallrilt 	2. 

With the cam data. te auk the critical Edge - bad stresses. 

I) 	rya the fig. 44 for We 	a 4.4. 

the model .4. StrelMit 

Cs. • 13.8 kgeica2 



Therefore from equation (9) Chapter 2. 

C .Cep 

t tf3  

( 1 + .54/A 	
u 

P 	(in10 k 1h4  °al)  

1 t .34, n) p 	,2  
IN13 in  

(1"10 -11.71) be 

M.3 lop/A2  

Burnt 3. 

rite the seas data to obsals the critical corner load stresses from fig. 44. 

for 	4.4. 	we get the model edge stresses drew  a 8.8 brim'? 

therefore from equation (6) of chapter 2) we get 

a P
._.  • co 	 19.3 tga/caa 
Me 8,22  

Similarly, may 	problem' of prototype slab* may be solved idth the help 

of fig. 44. 

6.9 putt:Lust= DRUM MUM MST RESULTS. 

The fellow's° conclusions apply to the model tests carried out es sole 

elastic wabtroto with batelltepaveseat. 

is case of interior loading : 

1) 	260 stress contours are circular. 

11) The critical observed stresses are slightly higher that caleelpel 

by eestergeard's equation in most of the cases. The varieties is 

sot more than ale any case. 



111) The critical stresses increase with the decrease is the size of the 

' foot-prints. 

iv) Radial stresses become zero at a distance of about 0.9 1 from the 

centre of leaded area. 

v) Tangential stresses are greater than the Radial stream and become 

zero at a distance of about 2.8 1 from the centre of lead. Radial 

stresses are once again zero at this distant hoe the tension side,  
vi) A slab having an approximate dimensions of 6 1 x6 1 is likely to 

behave similar to an infinite slab. 

vii) The Wilma& behaves in a manner similar to one assumed by Nesterge-

afd (4). 

vitt) The spread of stress-zone is independent of the size of contact 

area and load intensity. 

In case of Edge loading x- 

i)  The stress contours are conic-sectional in shape. 

11) The critical stresses are within the contact area and weer about 

the centre of gravity of the footprint. 

ill) Stress are concentrated along the edge near the load point. 

iv) The zero stresses along the edge occur witble a distance of about 

0.6 1 to 0.9 1 and from the centre of load. 

v) The zero stresses along the perpendicular to the edge occur at a 

distance of shoot 1 .28 1 from the edge, therefore a slab of size 

2 1 x 1.5 1 is likely to behave similar to an infinite slab. 

vi) The increase in size of *cutest area (with the same load) reduces 

the amount of critical stresses oe the pavement. 



no, 

'Si) the behaviour of =boat is taller to that &slanted by Meetergand 

withia a maximum variation of 0%. The observed stresses are 

lesser than the theoretical stresses. 

le ease of corner loading 

i) 	The stress contours are almost circular In shape. 

Si) the region of minus stresses Is alder along the edges thee along 

the cornerwhisector. 

iii) The *keyed values of distances xi  at &kin the Critical stress* 

occur are slightly higher than obtained free the Nostergaards 

equation (4). A modified empirical agitation has been developed Oa 

is 

0 2.2. ( a1  1 ) 

This epsilon it applicable ter values of We cpto 5.42. 

iv) The observed critical stresses are less thee the theoretical 

stresses (4). the variation is 20% to 25%. 

v) the stresses are eceeeetreted aitbia the critical distaseet. 

vil att of the three types at toadies. the stresses decrease la the 

filIoaing order : 

edge stress. 

intoner stress.  and 

corner stress . 

Oral* the variation depends upon the value of We for theoretical 

as well as observed velem: of stresses. 
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4113GBSTRO PRGDRISS Fat FURTIIIRSHIK. 

1. To verify Ouraister's equation based on pavnent Deflection by Riedel 

Tests. 

2. Repetition of this investigation Kith different abrade and tailored' 

support and parole* s. 

3. Determination of madam principIe stresses. 

4. Effect of 'bang* in the lase of Subarado. 

S. lavistigation of Rigid Present behaviour under dynamic loads. 

6. 	Effect of higher contact pressures on the rigid pavement". 

T. Load Transfer capacity of joints in the paves/nth 

• ••••••••■•••••••••• 
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go. 

gamma 

sammcitrzeis oR S03311131 iLaSSUAL  

11101ASICA4 AtitLIsiS SA 1D-SOIL UM FOR SUDQUili. 

Oman of tarn deteraloationi0 

of Total Mt. Passing Rotund 

M. 	4 S. 00.6 

an. No. L6 13.1.  
No. 	16 No. 30 14.2 

{in. 	30 NO. 50 24.5 

No. 30 100 33.4 

Pb. 100 2CK:o 09.6 

Na. 200 04.6 
Total 100.0 

• 

2. Spaalflo gravity of sand-soil particle; a  2.73 90/0.0. 

3. NOthilat of tabarado tension of tit* oempacted material 
ski a 1.3 Ago/cm3  

MOM 3. 

SIMCITIOCIONS  OF SUOMI SOURIGN CSIO AS OINZII FOS MORNS 114INIA1.. 

i. 

mametail••• 

S%e a  Maley Robber Company (India) Ltd. 
2. Spoolfia gravity. 
3. Pireatagovolatilt matter s. 

  

o.72 pi ,et. 

9640 

  

  



Amon C 

STATIC L04) OMENS NI Nat SIM 38 Cant 30 Ca x (40686 0. Mac 

Oats 1040.1962 	 Pulliam of load - Maim 
nee 1040 A.R. 	 not plat Dlasatar 2.0 a. 
dteasphatle lisps 20°c 	Mont of load 3 
Cbastation Rb. 1 	 (Radial Strains) 

Strata 
gasp Nos 

s 

X L.5 	gangs reading /tufa I 	X 
X X 	initial 	! /0-0 	x Plsal X 

unit 	d. 

X 	7" 	1I  

0. 20.270 25.200 • 0.070 
1. 14.100 14.070 IS  0.05 
2. 15.770 13.225 - 0,033 

3. "4020 7.002 - 0,026 
4, , 15,633 13.612 - Ma 
S. ,10.690 10.670 » 0.020 
6.  16.310 16.290 - 0.012 
7.  .20.090 20.000 .. 0.010 
0. .10.710 113.760 - 0.010 
9, .16.090 13.093 - 0.00 

10.  16.733 10.744 +0.009 

11.  29.255 19.260 + 0.003 

12.  13.192 10.190 +0,006 
13, 13.625 13.645 + 0.003 
14.  04.990 04.994 4. 0.004 
13.  03.545 03.340 +0.0D3 
16. 04.020 04.020 0.000 

Retorts 

tad Was di 0- 

atibused aaltara- 

1.1,  *ea the 
pamant, 



92. 

APRITOIX 'C' (Contd...) 

Data 24.10.1962 	 Position of lead • Muter. 

Tine 	1.30 P.n. 	 Pant print Diameter 2.0 011• 

Atmospheric T. 27°  C 	Meant of bed 	5  EP. 
Observation Na. 1 	 freegeatial Strides) 

Strain gauge reeding 	X 
Streik X 	- 	 X 

X talus! 	X pima! 	X Unit Viral 
gauge ft. 	Ai X 	 sis  

itemsrks. 

 

0 25.270 25.200 • NOM 
43 15.003 14.906 • MO Lead tubas anis 
44 14.590 14.500 • 0.010 foully di nil bated 

45 14.050 14.06 • 0.005 over the slab. 
46 16.065 15.050 • 0.006 
47 14.962 14.960 s0. 002 
09 09.425 09436 + 0.001 

N.0. Three observations were records similerli for each set end the avenge 
no Standout in each one 



APESMDIXD  

.5201C L040 awns pm maim SLAB 38 Ca x  38 Cm m0.7806 Carr= 
...4 

DA. 6.10.1962 

Time 10.00 A.1. 

Ateopherie Tops 286  C. 
Cbwmation N'. 1. 

Padua* of load-  Up*. 

loot print Olenater  2.00 Ca. 

mount of load  5 KWh 
Medial strain) 

sStrain.. j  x X  r  Strain gauge reeding 
X 

 X  
X 
X 
X  Ramatha. gauge Nu.  X Initial  X Plug X Vat Ot4i0 

ao 4 18.805 18.668 - 0.137 

20 19.724 19.633 0.091 

18 19.010 18.930 - 0.800 

21 20.392 20.370 • 0.023 Lead nubs* 
uniformly 

19 19.345 19.897 - 0.018 attributed 
over the 414. 

22 14.974 14.980 + 0.006 

23 15.050 15.856 + 0.006 

24 12.441 12.450 + 0.009 

25 11.747 11.750 + 0.003 

17 16.416 16.454 + 0.038 

30 12.030 12.083 + 0.033 

31 10.893 10.928 + 0.035 

32 13.403 12.520 t 0.022 

13 02.704 02.760 + Noe 
11 03.487 03.544 t 0.057 

10 04.035 04.097 + 0.042 

7 05.445 05.465 0.021) 

1 03.243 03.,249 + 0.016 
3 07.945 07.952 te 0.007 



Appendix  4°  (Contd....) 

Date  17.10.1962 
Time  10.30 A.U. 
Atmospheric Temp.  260 C 

Observation No. 1. 

Position of load  !Edge. 

foot Print Diameter  2.00 me 

mount of load  5 Cp. 
Oledi al 6 Tangential strain). 

strain 
Dago  No.  X  Initial X 

x  Ito  X 
fine/ 

so 

X 
X Unit stride  X remarks 
x  Xt.  4 

34 

33 

14.595 

1.534 

14.460 

1.546 

- 0.137 

• 0.038 

0.705 0.720 + 0.013 

28 5.511 5.534 t 0.03 
27 3.323 3.337 + 0.012 Lead cubes main,  

26 0.346 0.354 t 0.000 formly distributed 

35 11.500 14.362 - 0.138 over the slob. 

36 13.000 13.010 • 0.070 

37 . 13.776  1 3.735 • 0.040 
33 13.320 14.300 - 0.000 
39 15.262 15.00 • 0.012 

0 10.335 10.335 0 

40 10449 10.790 • 0.00 

41 9.420 9.400 - D.020 
42 9.330 9,120 - 0.010 



amen  
Frac Imo srtiuNs F011 NCOtti. slot 36 Cm lc 33 Cs m 0.1806 01 111142 

Oats 	4 W. 1962 	Amnion of load. 
Time 	1.00 P.1. 	 toot Print blaster 

Atmosphorie top. 3141/4 	Riont. of load 
(Radial Strata) 

Itosormatioa Po. 1. 

toner 

2.00 04. 

5 RA, 

X 	 X Strain Gavot X .Strain gauge reading 	x  X 
No. 	X Initial 	X 	!Taal 	X Unit Oral* X Remark*. 

25 0.476 15.447 -al 
26 16400 moo -.050.  

24 16.150 16.205 +.025 

27 18.025 18.055 +.030 

23 15.840 15.400 4.040 

26 70.180 20.154 +.075 

22 00.115 00.166 +4021 

29 03.666 00.436 4470 
21 05.615 05.465 4,450 

20 04.158 03.000 +.042 

18 04.24 04.282 +437 

19 04.615 04.1641 +.00 

16 15.700 15.050 4.078 

15 14.495 14.800 +.005 

14 15.926 16.002 +.076 

11 15.508 15.558 +.050 

9 14.300 14.330 t.030 
4 19.60e 14.821 +.020 

Led oboe 

tint toady 

distritratad 

over the *lab. 



Appendix *IP (Contd....) 

Data 	30+104962 

Ilea 11.30 441. 

Ateoetterla Tamp.  6°C 

[enervation ft. I. 

Position of load 	corner. 
Peet Print Planet*? 24 an 
*omit of load 	514. 
(Taagential strain) 

X 	Strain gauge reading X 	 X Strain gauge X 	 I telt strata X Rarnaita. Pb, 	X Initial 	X 	Final 	X 	 X Xa 	I "!6 	fis  x  

. 9305 40 	 0.307 	40.078 
47 	14.934 	14.390.0.044 	Lead cube; 

ea& foray di stil- t 	13.014 	15.995 	*0.019 	bated over the 
slab. 4$ 	item  

	

14.809 	-ciao 
-caw 

43 	
14446 	14.5e  

43 	14.95o 	14.930 



47. 

ILILLAZIJULA 

G% • trines* Interior *tress (Kari0s2) 
Ge a Critical Cdge Stress 0100/0027 

cVc. a critical earner stress Oficisa  ) 

	

P 	flail load (single) (rgas.) 

 

S  a Dickson of slab (mu) 

a Radius of Relative Stiffness (Sy) 

Ityressod by 
Rk3  1 	a ( 	  ) 

12 (1 10/41-)7  

a lambdas at Elestioity of Pavesent materiel (1/41s./Cm2) 

	

/ti` 	a Poisson's Ratio for Sevaaent aatersel, 

* Nathan* of subgrado reaction (11/414Ice3) 
b 	a Radius of equivelant distribution of nesse,. (Gas.) exprosiod 

by 

b •(Lb a2  Pb2  )I  0.615 b 

b a a 
where a 4- 1.724 k 

2 1.724 b 
a 	a Radius of Foot Mat (02.) 

ww.y..e.mwwwmainWOOmew*mailm 
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