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PART-A
SHORT QUESTIONS WITH SOLUTIONS

ot Draw a sketch of flexible pavement cross section and show the component parts.

: 3 ' Model Paper-l, Q1(i)
mwcl’ : . i .

flexible Pavement
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1. Surface course
2. Base course

3. Sub-base course
4. Soil sub-grade

Figure: Components of Flexible Pavéments

Q2. Explain how the sub-base thickness varies in the design of flexible pavements?

Answer : Model Paper-ll, Q1(i)

The sub-base course is generally applied in flexible pavement for imbroving the load supporiing capacity, which is carried

 outby the distribution of load through a finite thickness. The desired thickness of sub-base layer in the flexible pavement usually

~ Vanes. This variation depends on certain factors, which are as follows,

(a)  Materials used

() Magnitude and number of repetitions of traffic load
(©)  Environmental conditions
(d)

Expected service life of the pavement.

desi@::ﬁc fa}:tors are usually considered during the design process to ensure that the pavement would last for the cxpect_ed
are 10 be al “:l?"“holll excessive distresses. The requirements and the specified distribution of grain size of the sub-base material
from (o PPlied effectively in order to satisfy the stability and drainage requirements of the granular sub-base layer. Therefore,

d H - - i . -
leads 1o ra‘m.ge'cO“_SIderanons, the granular sub-base is to be extended above the complete formation R
€ variation in the sub-base thickness, ) '

Ge . .
netally, when the design traffic is less than 10 msa, the thickness of sub-base should be equal to 150 mm.
When th i :
¢ design traffic is equal 10 10 msa, then the sub-base thickness should be equal to 200 mm.
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5.2 -mANSPOI’lTATION___.__fhe ~1load P acts independently up to the
ign is Eachand evey l:vis oint, the overlapping of the stresses

. H°": t,h ) %Ef methothftﬁf ‘,'(“::: ‘o‘f’?oﬂ.pa. depth of /2 and aﬁfe:;ch {’oad begins. At the depth above 25
useful to determine the thickness o ’

nent of layers.
Answer : . .
Thickness Deterfnination of the Component of Layers
For designing a pavement by CBR method, the value of
soaked CBR of the soil subgrade is estimated initially. Then b.)’
considering a suitable design load, appropriate design curve 1$
selected. In certain cases, anticipated traffic is also considered.
Thus, from the curve, the total thickness of flexible pavement
required to cover the subgrade of the specified value of CBR
is estimated. The sub-base course thickness is equal to the
total thickness minus the thickness over the sub-base.
Q4. Discuss the advantages and disadvantages of
CBR method of pavement design. 03
Answer : Model Paper-lll, Q1(i)
Advantages of CBR Method of Pavement Design .
L. Large number of pavement design and analysis
procedures are based on CBR values. /
2. With the help of this method, soaked condition can be
estimated easily.

3. As it is a measure of material stability (strength), this

method is widely accepted.
4. Soil can be tested with simple and portable equipments.
5. It requires less experience and training (highly skilled

labors are not required). '

6. This method can be performed either in field or
in laboratory for design, construction control or
estimation of existing construction. :

Disadvantages of CBR Method of Pavement Design

l. This method is laborious, slow and expensive when
compared to other methods of pavement design.

2. The differentiation of layers is not possible with this
method, _ .

3. Maximum aggregate size (passing through 20 mm sieve |- -«

size) is limited.
4. The value of CBR is not a fundamental soil property.
5. The consideration of gémpletely saturated sub-grade
condition results in low factor of safety.
Explain ESWL and the concept in the determi-
nation of the equivalent wheel load.

Answer : _
The maximum wheel load within the specified limit
is maintained by providing dual wheel assembly to the rear
axles of road vehicles. The pressure below the surface of
pavement at a particular depth may not be achieved by adding
the pressure numerically caused by one wheel. load. Th_e effect
is in between the single load and the load carried two times by
any of the wheel. The assumed load dispersior} is at 4.5° angle.
In the dual wheel load assembly, let the spacing between the
wheels centers be S, the clear gap between two wheels be d,

Qs.

and the radius of circular contact area of each wheel be a. Then

total stresses because

induced because because of the effect of both wheels
the induced stresses are area of overlap. So, at any depth, the

as there is conSiderab(l;efdual wheels more than 25 is known tq

heel load of 2P magnitude.

f equivalent single wheel Joad
criterion or equivalent

be equal to a single W
The determination ©
depends on either equivalent Stress
deflection. Multip
in the design of pavemen lu
Q6. What is meant by Repetition of

t, these values are used.
loads?

Model Paper-|, Q1(j)

Answer :

_Repetition of Loads ; i

The pavement deformation due to single application of

| wheel load may be minimum. But if the load is applied repeat-

edly then the magnitude of plastic and elastic deformations
would be increased. : e

Traffic surveys must be carried out for accounting the
factor of repetitions for wheel loads. It is required to convert
“the various wheel loads to one single standard wheel load.
Q7. - What are the critical-load stresses as per

'~ Westergaard on a rigid pavement?

Model Paper-l, Q1()

-Answer . :.
Critical Combination of Stresses

.~ The most qriticél ‘combinations are obtained by
combining the various stresses in current concrete pavements.
The different critical combinations are provided by considering
the following conditions, kit
(i) During Summer

When the slab tends to warp downwards at the interior
gnd edge regions during the mid day, then the critical
: cqm_bmattons are attained. During expansion, the
frictional stresses are compressive. The load stresses

at the edge region is higher when compared to the load
stresses at the interior region,

A Critic.ql combination of stresses= (Load stress *
Warpmg stress + Frictional stress) at the edge region.
‘During Winter '
In the above regions, the critical combination of stresses

occur at the bottom fibre. This is when the slabs contracts
and warps downwards during the mid day.

*. Critical stress combination,

= (Load stress + Warping stress + Frictional stress) &
edge region. o]

(i)

The ﬁ'ict‘i(‘mal stresses are absent at the corner 'cg‘ ¢:hn:
as thg critical combination occurs at the top fibré of i
s.l;l!: and when the slab warps upwards during the 2
rights. - &

-, Critical stress combination,

(iii)

S=(d+2a).

o ions.
= (Load stress + Warping stress)at comer fti/
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JNIT-B pavement Design , : 5.3 i
Wt are the factors to be considered for slab | Q11. Draw the sketch of rigid pavement cross. \
@b thickness i1 nglq .pavements? - “'gectlon and show its component parts. ‘
Answer @ \
pnswer ; 1 \ Rigid Pn;'cmelit t
The various factors to be consqdered while fixing R |
) the slab are as follows, :
m]ckness of Az """.""‘:é:r‘ 'J'>Ccmcnt concrete Slﬂb
| Wheel load = Hasdublaey ‘Euﬂﬂ‘iﬁﬁﬂﬁﬂéfw Base course 1
" aton ntemperature WW% Soil subgrade
- xural stress in concrete
; AIIOWable flex ‘ o . Figure: Components of Rigid Pavement
) Coetﬁc;ent b(-)f S:b'g""de resistance, friction between | Cement Concrete Slab
. e.
slab and sub-gra ; ; The flexural strength of the cement concrete slab that
5. cOeﬁiciemofsub-gmde reaction or the sub-grade support. | bridges over soft sPots resists the developed stresses. It is
. Distance between joints. generally placed dxrectly over the sub-grade provided that
it —— the sub grade possess minimum desirable strength, drainage
. Discuss the objectives of flexible pavement an('i on site conditions. In order to satisfy this condition, there
design. . exists a provision for sub-base layer. In rigid pavement, slab
_ plays a critical role in resisting the load of vehicles. Th
: Model Paper-! iy Sy . The
Answer ' el Paperll, Q1() | aterial with weak spots or small defects below the slab is
The objectives of flexible pavement design are, controlled by slab.
i Topermit heavy vehicles of road traffic with minimum | @12. Write the formula to determine the cumulative
rolling resistance. ' . standard axles for design of a flexible pavement,
: Y L and explai
@ Toallow the fast vehicles to move comfortably and e .
safely at the speed specifically designed. AR L \
i) Tomaintain an even and stable surface for the vehicles, ;he cumulatlv? equiv?lent standard axle load of 80 kN |
the structure of pavement is particularly designed and uring the design period at traffic growth rate as,
constructed. - . , Ny, =365 X TGF x A x VDF x LDF
') Toallow the pavement to act as a carriageway which is Where,
constructed on a prepared soil subgrade. TGF - Cumulative traffic gro“."th factor based
To mamtam the elastic deformation within the permis- on geometric growth.
sible limits, so that the pavement can bear heavy loads. (@ +r) -1
i TGF-|——
To spread the stress of wheel load through a larger area » r
by a layer of pavement.
%) To maintaj ) . nd — Design period.
in the subgrade dry even during the period ") m b -
d ;:f monsoons, the pavement is constructed above the LDF- Lane distribution factor = 1.0 for single
\wd of ground water. lane (or) 0.75 for dual lane.
1, Write short notes on contact pressure. VDF — Vehicle damage factor. (Whose value
Aaswey : changes for different types of vehicles).
In Verticg] Q13. Discuss about maximum wheel load. i
Uominggeg : l]S;trc:ss distribution the effect of tyre pressure | o qwer :
iy € upper la The eff f ressure
eater ' upper layers. The e ect of tyre p
Werticy) st,epth diminishes and the total load has an effect | Maximum Wheel Load s
e ey es; magnitudes. Thus the higher magnitude tyre The configuration of wheel load is important to know
the enﬁ;“d 300<.l quality of materials in upper layers. Any | the way in which the application of k’).‘mds ofa given vehicle is
g epth is not effected by the tyre pressure. carried out on the pavement surface. The maximum legal ax!e
&'"Yfe © Contacy pressure i load for highways recommended by Indian road congress 1S
t“lbecpress““ is not ure is more than tyre pressure WheN | g0 0 with maximum single wheel load of 4085 kg, Total load
‘lc‘llated by us'::m;; than 7_ kgjcr_nz. Contact pressure effects the rcquircmcntS'ofPOVCme“t thickness. The qgnllty of
: 8 the relationship, " surface course is effected by tyre pressure. The magn'\tudc °£
Contagy pre Load on wheel vertical pressure at any depth of soil subgrade mass is base
sSsure = - ‘ . ‘
‘PEWRUH - Contactarea - on the total load and surface pressurc. -
Wikg ' GROUP &b
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Q14. Compute the radius of re

Modulus of sub-grade reaction, K (i) 3.0 ka/cm?®
(i) 75 kglem® it
Answer :
()

given as,

IO
i .

_ lative stiffness of 1 Scm
:ihlfak cement concrete slab from the following
ata: ' '

Modulus of elasticity of cement concrete =
2,10,000 kg/cm? ' o :

Poisson’s ratio for coﬁcrete =0.15

For modulus of ,sub-grade‘ reaction;
K =3 kg/cm?

Westergaard’s equation for radius of relative stiffness is

R -
12K(1-p?)

E =21 x 10°kg/em? "
h =15cm i
n=0.15
. bex Tr et  |_-: 21
,=[ 2.1x10° x153 ]4 e 85 90
12x3(1-0.152) e P

(+1=66.99 cm)
For modulus of sub-grade reaction, K= 7.5

1 >
/= ER® »
12K (1-p?) t :

: 1
,=[ 2.1x10° x15° -]7‘

12x7.5[1-(0.15%)]
1=53.276 cm

Q15.

.Compute the equivalent radius of resisting
section of 22 cm slab, given that the radius of
contact area wheel load is 16 cm..

Answer :

Given that, k

Slab thickness, # =22 cm

Radius of wheel load distribution, a = 16 cm
The equivalent radius of resisting scction‘is given as per

Westergaard’s analysis is,

b= 1.6a*+h%* -0.675h"

b= J1.6x162- 3222 .—’0.675x22

=29.89-14.85
b=15.04cm

" Equivalent radius of resisting section, » = 15 cm_

"Q16. Calculate the spacing of expansion joint from the

following data: maximum width of joint = 3 cms,

te =19°C, maxij
temperature of laying concre : mum,
slabptemperature expected =56°C and coefficig,, t
of thermal expansion = 10 x 10~ per °C.

Answer :
Given that, ‘ ‘
Maximum width of joint, § =3 cms
Temperature of laying concrete, T, = 19°C
Expected concrete slab temperature, T, = 56°C
Coefficient of thermal expansion = 10 x 10 per°C

Maximum expansion in slab joints,

Spacing of expansion joint is given as,

8’
L= 100xCx(T, —T;)

1.5 15

100x10x107° X(56-19) ~ 1x10-x37

Il

40.54 m
*_Spacing of expansion jSint, L =40.54 m

__-/
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ESSAY QUESTIONS WITH SOLUTIONS

N OF PAVEMENTS - DESIGN OF FLEXIBLE PAVEMENT BY CBR METHOD As PER

ESIG
Al JRC 37-2012 AND THEORY OF EMPIRICAL MECHANISTIC METHOD

ho desirable characteristics of a pavoment.

Model Paper, Q10( a)
I-‘nllm\‘il\!l are the desirable characteristics of a pavement,
pavement should be free from dust to ensure safety of traffic from pollution.

) The

‘\ The l‘:\\'t‘lm‘i\( surface .\‘h‘nuld have suflicient rouphness and texture to control the vehicles from skidding,

L ) -

, The pavement should be strong enough to bear the loads applied on it.

) The surface of the pavement should be impermeable to prevent the water from entering the subgrade and lower layers

© and cause disintegration,

) The thickness of the pavement should be sufficient so that the stresses and loads are distributed to a safe value on the
subgrade soil.

& The pavement surface should not generate high levels of sound from moving vehicles.

wi) The surface of the pavement should be hard so as to prevent the damage from abrading action of wheels. (i.¢., Pneumatic
and iron-tyred).

i) The pavement surface should not produce high friction with the tyres of vehicles for low energy consumption of the
vehicles.

) The life span of the pavement surface should be more and the maintenance should be low.

A The riding quality of pavement should be good and smooth to provide comfort to the vehicle users even at high speed.

U8, Classify and explain the different types of pavements.

Model Paper-il, Q10(2)

nswer :

f

fiy

From the structural point of view, pavements can be classified as,
() Flexible pavement.

() Rigid pavement

(1) Semi-rigid pavement

(i) Composite pavement.

Flexibe Pavement
J o the subgrade soil

are subjecte
ar ) lC\Cl on

: ::;::cl;lv)'cllcd s.yslt.:m \.vilhllt‘)w flexural strength. ll? ﬂcxi!ﬂc pavement, the external 1oads'th s sl
rmmvi.mml dlslrl|).1{ll()l). I'he puw.:nncnl‘dcﬂcc'ls for an instant due to low ﬂcx\lral.strcf\.z? o eses and revented from
ng the Joad. The pavement is designed in such a way that the subgrade soil resist the 57 g O othness
:::;t:lnc dnmugc. The role of subgrade in flexible pavement is cruciu\ as it carries the loatll; :ls [\:) ": pa;'emcnl with poot
rength of pavement depends on the subgrade damage and its resistance 0 damage.

Ind Joose « . -
loose subgrade is a fail structure,

over small-

Riglg Pavement
hicles. The

abto bridge
fve
rt Uf Subb’

J to subgrace

g the sl
isting the load 0
d stable supp?
when compare

strength, allowin
trole inres
iform an

12;1?:::&““’ ""P"Cli'y fo resist the loads l'rm.n !hc beam strength or llcxtlful -

Materiy] \V'L.""c”“ in the subgrade I);mc‘. In rigid pavement .s"lub plays an ""p-(;‘f[‘:lA o

il u.lh wv:-uk sp.nl's or small defects below the slu‘l) is controlled by sla N ength
quired for a rigid pavement, Rigid pavement highly depends upon the sla

ﬂllppﬂn. / .
1A GROUP &
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5.6 TRANSPORTATION EN —2
-(I) Semi-rigid Pavement 2

Semi-rjéld pavement shgvc;
strength of semi-rigid pave
of semi‘rigid pa

s ment. Even though the :
san intermediate state Between flexible pavement and ;g;d I;:at‘;:: depth of pavemilt. E:?a::imlral
mentis less, the lateral distribution of load is esisted t('):r% and lean-concrete base. .
Vements are ; Lime-Pozzalona concrete and soil-cement constructi ‘

(i)  Composite Pavement

. . i also contain heterogeneoys co
It consists of several] Structurally important layers of various composition. It mayt The top and bottom layers «
tion. An example of Composite pavement is brick-sandwiched concrete Pavemcin .er of rick s evailable, Tho,
sandwiched concrete pavement consists of cement concrete and in the middle a lay

Mpos;-
f brick.

esign of
composite pavements is far away from the design of flexible or rigid pavement. 2l
Q19. What are the functions of the various layers of a flexible pavement?

Answer : _ -

Model Paper.i, q1g,
The various components of a pavement are;

(1) -~ Wearing course

(i) Sub-base

(i) Base

(iv) Subgrade

(v) Road Bed

(vi) Embankment, X

(i) Wearing Course , ' Ser

‘

Wearing course is a top most layer and is very.thin. It gives a smooth surface for vehi
load impact and the pressure of tyres. Wearing course also provides a water-resistant layer and resists the effect of weather
conditions. In flexible pavement, bituminous surf:

ace acts as a wearing course and in rigid pavement Cement, concrete acts
as a wearing course. g

(ii)  Sub-base

It is a layer made of specified material (such as broken stones, bo

» bound or unbound aggregate) of designed thickness. It is
placed on top of the subgrade soil to act as a supporting agent to a base course.

A layer of selected granular soil or stabilized s
aggregate mixes or small size graded aggregate

(iii) Base

oil may also be used in sub-base course, It is recommended to use soil
S. .

Itis a layer made up of specified material of designed thickness. It is placed on top of the sub-base course or subgrade soil |
for supporting a surface course. The purpose of designing the base course is to distribute the wheel loads on the road-bed.
(iv)  Subgrade i '

+ The top surface of a road-bed on which shoulders with kerbs and the pavement structure are constructed is known as
subgrade . : '

This layer is prepared with natural soil on which the layers of pavement materials ftre placed. The loads are supplied 0
the subgrade level by which it is overstressed. It is required to compact th

€ subgrade soil of top 50 cm under the condition
of maximum dry density and optimum moisture content.

(v)  Road Bed

. i i i is made
A part of the highway which is graded in between top slope and side slope is known as road bed. The road bed is m2
as a foundation for shoulder and pavement structure. ,

(vi)  Embankment

The structure of soil, broken rock or soil aggregate within the subgrade and foundation is known as emb |‘/mnt.
Look for the SIA GROUP LOGO Q} on'the TITLE COVER before you'buy
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UNIT-S pavement Design : : 5.7

ﬁ's—is;uss the factors responsible for flexible pavement design. —

An,wer :

The various factors responsible for the design of flexible pavement are: .

\

Subgrade soil

Design wheel load
Environmental factors
Climatic factors

pavement component materials

RN TR S

. Special factors.

1 subgrade Soil & e
[t is important in determining the thickness needed for pavements. Thicker pavement is required for a subgrade havin
lower stability in order to protect it from traffic loads. The change in volume and stability of subgrade soil \:ilh Variatigi
in moisture are to be investigated, because they rely on properties of soil. The performance of pavement highly depends
on the properties of subgrade soil and the drainage. :

2. Design Wheel Load

The design for thickness of pavement basically depends upon the design wheel load. If design wheel load is considered
then multiple wheel load assembly, the total static load effects on each wheel, contact pressure, dynamic effects of transient
Joads and load repetition are taken into consideration. If there is an increase in speed then the rate of application of the
stress increases by which the pavement deformation minimises. Whereas the impact increases with speed on irregular
pavements.

3. Environmental Factors

The factors which affect the functioning of pavement are depth of sub-surface water table, depth of cutting, height of
embankment and its details of foundation etc. The functioning of the bituminous pavements and selection of the bituminous
binder rely on the temperature change in pavement. In rigid pavements, the warping stresses depend on:

(a) The maximum temperature difference between top and bottom of pavemént slab and
(b) The daily temperature variations. :

4, Climatic Factors
The conditions of moisture in the pavement layers and the subgrade are affected by rainfall. The everyday and seasonal
temperature change has importance in the design and functioning of bituminous and rigid pavements. Due to common
freezing temperatures during winter, frost action is possible in the subgrade.

5. Pavement Component Materials
The properties of stress distribution of the pavement component layers depend on the qualities of the materials used.

The durability of these materials and their exhaust behaviour under unfavourable conditions of weather should also be
considered.

6.  Special Factors
In the design of semi-rigid pavements, the propagation mode, the exhaust behaviour under unfavourable ¢
hair cracks, creation of shrinkage cracks are to be calculated.

Q21. Enumerate the various methods of flexible pavement design. Briefly indicate the basis of design in
each case? )
Answer :

onditions of

Model Paper-l, Q11(3)

The various design methods of flexible pavement are as follows:

()  Triaxial test method

(i) Burmister method

(iii) Group index method

(iv) Mcleod method

(V) California bearing ratio method

(Vi) California resistance value method

v e B
SPECT:!::‘ :4::l:amshc method. _ wp {2
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Group Index Method (G.1 Method) ‘ opertics of the subgrade soil. The Strengyy,
is a practica] method of pavement design which depends upon the physical prop

Pfoperties of the subgrade soil o

¢ not considered in this method. . ations based on plasticity index, liquiq limiy
The G value is an arbitrary index alloted to the soil types in numerical equs
and percent fipes.

Gl=0.2, +0.01bd + 0.005a¢

The G| Values of g

. is weaker. The required thicknes,
1 difter from 01020, 1f the G.1 value is higher then the soil subgrade i 3
of the Pavement ig More for uniform valye of traffic volume.

' ; is in between 50 to 300 an
InGJI method, the traffic volume for light vehicles is less than 50, for medium, vehicles is in d for
heavy, vehicles is more than 300, ilis calculated. The expecteq traft
. For designing the thickness of pavement by G.I method, primarily the G.I value of soil is calculated, affic
1s determineq and is classified as light, medium or heavy volume of traffic.
Mechanistjc Methog

_ Thismethog is considered as strong p
design, These faily,

. ¢ e su gcﬁted ’OI bltu""“] S FEI Bl“E"t;

as foundation of mechanistic pavement design.
Tyres

Bituminous layer

4B
- Granular base i
'
]
i
]
Granular sub-base -
]
: '
z, s
' y
| | ] | l .
1
Subgrade {
The above fi gure indicates

the critical straing

the subgrade ang the horizonta] tensile strain €, belo

failures respectively.

Q22, Describe the IRC method of flexible Pavement design, |
Answer : :

in a bituminoyg Pavement structyre. The vertica) compressive strain €, on
w the bltum1nous layer are the Critical Parameters for Tutting and fatigue

Procedure for Design

Model Paper-ll, Qt1(a)
A catalogue of pavement des

igns and simple design charts are included ip the ¢
and using analytical approach, ; '

ode on the basis of
1.

design performance
Design traffic in terms of cumulative numbe
2. CBRyvalue of subgrade,

1. besign Traffic

r of standarq axles.

The following information is required for this process,
(a) Vehicle damage factor

(b) Traffic growth rate during the design life
(c) Initial traffic in terms of commercial vehicles per day
(d) Distribution of commercial traffic over the carriage way

(e) Design life in number of years.

""" Look'for the SIA GROUP LOGO (R or———__
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UN|T’5 pavement Design . - ‘
) Vehicle Damage Factor ‘ 5o i
(a . 2 multiplier which converts the vehicles of various axle cunhgumlior‘w and nx!c Inml? (0 the number of stand.

Jtisa :tions. It is described as equal number of standard axles per commercial vehicle, The vertical ¢ ——

l‘?ad i e in, axle loading, axle configuration, type of road and from area to area. The various 1tl.‘|' amage factor
e comered o andard axle load repetitions by using axle load equivalency fnctrmV axle load repetitions

are converted into equivalent st

- [RC 37-2012, clause 4.4 values of vehicle damage factor are mentioned below.
per ’

> —lTni—n'al Traffic Capacity in Terms of CVPD Rolling/Plnin Terrain illy Terrain {
B > 1500 4.5 2.5
150 — 1500 35 1.5
0-150 | 1.5 0.5

) Traffic Growth Rate during the Design Life

The calculation of traffic growth rates arc done by researching the past techniques of traffic growth and by setting up
econometric models. In case of unavailable data, or if annual traffic growth rate is less than 5% it is suggested to adopt

the average growth rate of 5 percent.
(¢ Initial Traffic in terms of Commercial Vehicles Per Day

Commercial vehicles with heavy weight of more than three tonnes are considered for the structural pavement design. The
initial daily average traffic flow should be calculated on the basis of 7-day 24-hour classified traffic counts.

(@ Distribution of Commercial Traffic Over the Carriage Way

It is required to calculate the commercial traffic distribution by lane and by direction because it influences the application
of total equivalent standard axle load used in design. If valid data is not available, consider the following distribution:

(i) Single Lane Roads

Traffic on signal roads is more channelized when compared to two lane roads. To enable the same flow of wheel
load repetitions, the design should be on the basis of vehicles in both directions.

(i) Two-lane Single Carriageway Roads

Based on 50% of the commercial vehicles in both directions, the design of two-lane single carriageway roads 13

done. However, the traffic corresponding to higher VDF (including VDF in one direction) is considered for design
purpose. ,

(iii) Four-lane Single Carriageway Roads

?aSed on 40% of the commercial vehicles in both directions, the design of four-lane single carmageway roads is
one, ‘ i

(iv) Dual Carriageway Ro;lds

B . : ey ' .
ased on 75% of the vehicles in both directions, the design of dual carriageway roads is done.

" Design Life
The desj : /
0 g“ life recommended for different types of roads are mentioned below.
. National and state highways —~ 15§ years
n '
f) Urban roads and express ways — 220 years
m) Other ¢ JEu
ypes of
E"mlye CBR P roads —10-15 years

Ifthe obyy; ‘ ,
PUrpoSc. talncd VaIUc is cu"“idg‘[\‘d rl)r lll‘ﬁlb‘“

Of Subg . & . . "
bgrade does not match with the embankment, then effective CBR
CBR Effccti

ve CBR . .
Valye f, X of subgrade . N o curve lines of
n'mdulluul,fo)r *oilbelow 500 mm'o':s(ljx;t;::!mcqt:;mcrg Sy Selipg 1L iofIRCH 37-2012 .by }:m;r‘:?r]::\til:;i:; of resilient
»EWRQ - M R of 500 mm of subgrade. It is used in the dele
Hﬂu_l - v ' ' :
r THIVUNE 1001000 wr s« e ——— /

EERING STUDENTS.
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‘value, effective CBR value tm
30— Based on N 'value, efic ! Ckness o
-] - cemented base, sub-base layer is known des;j
BI— /,s
CBR below 500 mm

20 of compacted subger

10 20 30 « 50 60

Figure: CBR of CDmpaeteq Borrow Material 500 mm Thick
Resilient Modulus (MR) g

Resilient moduly

s of subgrade soil is evaluated in MPa
as follows :

M, '=17.6 x (CBR )0 (f CBR > 5)

M, =10xCBRifCBRS : :
. Cumulative number of standard axles (N) is computed
by using the following equation, : ;
’ < 365[(1+ 7)1
N = = ] XAXDXF
Where,

A —Initial traffic in each direction
F —Vehicle damage factor =
D — Lane distribution factor
n - Design life
r — Traffic growth rate
To design a flexible pavement, five combinations has

been developed by IRC 37-2012 in which the composition of

different layers of pavement is explained in clauses 10.1, 10.2,
10.3, 10.4, 10.5 as follows.

(i) Granular Base adn Cranular Subbase

Depending upon the CBR values, design charts i.e.,

plate-1 - plate-8 are given in code to determine thickness
of pavement layers. :

Based on the cumulative standard axles (N) and
effective CBR value, the thickness of granular layers
i.e., thickness of Granular sub base, Granular base (wet
mix maccadam) is computed. If traffic exceeds 30 msa

(million standard axles) VG40 grade bitumen must be
used.

(ii) Cementitious Base and Cementitious Subbase
Aggregate Interlayer for Crack Relief

In order to prevent rutting of pavements, havi.ng trafﬁF
volume greater than 30 msa. VG40 grade pntumen is
recommended Minimum thickness of bituminous Iaycr
(DBM + BC) = 100 mm if N > 39 msa. The period
upto which the cemented base sgstams without cracks
is considered as design period.

(iii)

(iv)

)

i.¢., plate-9 plate-12 are used in this case.

0 chartg

Bituminous Pavement with Cementeq Base 5
Cemented Sub-base with Layer of SAM | Over
Cemented Base ‘

In this case design charts of CBR 3%, 5%, 10%,

15%,
i.c., plate 13, 14, 15, 16 are used.

VG40 grade bitumen is used for N> 30 mSa.

Minimum thickness recommended by AASH T093
is 100 mm for bituminous layer on major highwa .
Based on N value, effective CBR value the f°”0Wing
are determined.

(a) Thickness of cemented base

(b) Thickﬁcss of cemented sub-base

Foamed Bitumen/bitumen Emulsion Treateq RAP
or Fresh Aggregates Over 250 mm Sub-base

For determining thickness of' pavement layefs design
charts of CBR 3%, 5%, 10%, 15% i.c., plate, 17, 18,
19, 20 are used.

Grade of bitumen used is VG40 if N > 30 msa. Bageq
on N-value, effective CBR value the thickness of treated
RAP (Reclaimed.asph:.alt pavement) is determined.

Cementitious Base and Granular Sub-base with Layer
of Crack Relief above Cementitious Base

Based on ‘N’ value (traffic), reliability and bitumen grade
to be used varies which are represented in tabular form

- below. :
Traffic Reliability Grade of Bitumen
> 30 msa 90% VG40
<30 msa 80% VG30

The thickness of pavement layers is determined with
the help of design charts i.c., plate 21, 22, 23, 24
corresponding to 3%, 5%, 10%, 15% CBR respectively.
Using N-value, effective CBR value thickness (?f
cemented base, granular sub-baseof _pavement I

- determined. To check the safety of pavement compc.)siﬁon
~ the following strains are calculated manually with the

help of equations and then they are compared with the
strains calculated using “IITPAVE” software.

Strains to be Checked for Safety

1.
2.,
3.

Vertical compressive strain on subgrade

. . PO TREL er
Horizontal tensile strain in bituminous laYV
Tensile strain in cementitious layer

ral‘l“lar
In case of first combination (granular base ilmdegr 5
subbase) tensile strain in cementitious 12y

Look for the SIA GROUP LOGO {3 on the TITLE COVER before you buy
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U/B'i;;;s the IRC recdmmend_ations made in
oz CcBR method of pavement design.

wer * '
ADS If the constructions are new, then the samples of CBR

(i) {est can be immersed in water for a period of four days
pefore it is tested. It is not required to immerse the soil

specimen in arid climatic areas and when the thick and

watertight bituminous surfacing is provided.

The CBR tests are recommended fo pcrfor.m in the
Jaboratory on remoulded soils and is not suitable f9r
in-situ. The producti,on.of _specjmcns_ should be of slat‘m
compaction or by dynamic-compaction..

If the size of the substantial amount of aggregates in

(ii)

(ii)

yalue of sub-base course materials is not applicable for
" the design of following layers.above them:. -

(w) 4 The road pavements should be désigned by consid'cring'

the prevailing traffic and growth rate of traffic. The
design for the pavements of major roads should have
minimum life of 10 years. '

The design of traffic is computed by the following
formula, 4= P [1 +7]"*'0
Where,
P—Number of heavy vehicles/day at least count. -
A —Number of heavy vehicles/day for design.

n —Number of years between the last count and year
of end of construction.

r — Rate of increase of heavy vehicles/year.

(v) - The compaction of subgrade soil-sample should be at
OMC to proctor density for the design of new roads. For
existing roads, the sample must be compacted to field

 density of subgrade soil.

(M)  The traffic is assumed in units of heavy vehicles per day
in both directions for the purpose of design. The design
thickness assumed for tandem axle loads is suitable upto
14,500 kg and for single axle load is upto 8,200 kg.

(vii) The compaction of top 50 cm of subgrade should be
. atleast 95 to 100 percent of proctor density.

(Vi) On each soil type, minimum three samples should

be tested at same moisture content and density. If the

Mmaximum change in CBR values of the three specimens

sub-base course materials is above 20 mm, then the CBR-

2. There is a regular contact of

not have any normal stresses
loaded area,

5.11
layers, the top |;m

and shearing oytsjde the

3. The materials present
isotropic and homogene
is formed by the pave
greater th
system.

In the pavement are elastic
ous. A harder reinforcing layc;’
ment with modulus of elasticity
an that of underlying layer in two layered

Burmister’s Method

The sections of flexible pavement consists of layers and
the top layer has maximum elastic modylus. The entire mass
of subgrade and pavement does not obtain a constant value £

Let us assume a pavement comprising a single layer
with elastic modulus E_ lying on the subgrade having elastic

modulus £

In vertical stress distribution, there is decrease in vertical
stress on the subgrade from 70 to 30 percent by inserting a
pavement layer of elastic modulus 10 times greater than the
elastic. modulus of subgrade soil and having thickness / = a.
Hence, this method make use of the reinforcing action of the
pavement layer. :

In two layered system, the deflection factor 7 ,is added
which is subjected to 4/a and E,/E,. Therefore, the equations
of displacement given by Burmister are,

£

For rigid plate § = 1.18 5

FZ

For flexible plate, §=1.5 fa . F.

e

Mo T

Q25. Explain briefly Mc Load method.
Answer :

Mcload Method

Model Paper-lil, Q11(a)

‘ This test is an extensive plate bearing test and is
conducted on airfields, highway pavements etc. It involves
conduction of test on plates of different sizes and diameter. A
graph is then plotted between the applied load'on base course
and subgrade support as shown below,

'S greater than the specified limits, then there should be
o an average of minimum six samples for CBR design. t
(a4, it:ate assumptions made in Burmister method
detgiacr’ement Qesugn. Explain the method in 'ﬂ@&
Answer : Applied
Assun, N load on
-!;hons of Burmister’s Method A varse
P _Stl!r_face layer is finite in vertical direction and i
. un: leJ:thnz?ntal direction; In two layered method -
ying la 1 i ite i : ‘
Irections. ( 8 layer is assumed to be infinite in botl, Subgrade Support (3)—
-~ - (1., horizontal and vertical) _
®TRUM g : ;

e e g

LL . . e -4 -
-IN-ONE ]OU‘RNﬂL_'FoR ENG'"EER'NQ STUDENTS SIA GROUP @
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The empirical design equation used is,

.'.T=Klog§|

~ T—Thickness of gravel materj

Where

als (cm)
K — Base coarse constant

P— Gross wheel load (kg)

§ — Subgrade support (kg).

Q26. Estimate the thickness of cement concreto

using the method Suggested by Indian road
congress.

Modulus of elasticity of €oncrete = 3.0 x 10° kg/cm?
Modulus of rupture of concrete

_ = 40 kg/cm?
Poisson’s ratio of concrete = 0.15
Modulus of subgrade reaction .= 6 kg/cm?,
Wheel load = 5100 kg
Radius of contact pressure = 15cm

Answer :

Given that,
- Modulus of elasticity of concrete, -

E=3.0 x 10° kg/em?
Modulus of rupture of concrete, f = 40 kg/cm?
Poisson’s ratio of concrete, n=0.15

Modulus of subgrade reaction, K = 6 kg/em?
Wheel load, P=5100kg

Radius of contact pressure, a = 15 cm

Assume,

Trial thickness of slab, =20 cm

Thermal coefficient of concrete,
e="10 x [0 per °C

Longer length of slab, L =450 cm

Shorter length of slab, L, =350 cm

Radius of relative stiffness,
. o
= X ]4
| 12K(1-p2)

| 1
_[ 3x10°x20° ]4
12x6(1-0.15%)

a
ol

TRANSPORTATION ENGINEERING [JNTU-HYDERABAD]

L —

= 76.42 cm

Le 450 cg9
Ty
Ly _ 390 4 sg
/ 76.42

F'rom figure of warping stress coefficient,

C at L of 5,89 =087
T

C at i'; of 4.58 = 0.68
y ,

~C.<C,

Assume for zone 5, coastal area bounded by hills,
temperature differential for 20 cm thick slab, t = 15.8°C

Warping stress at edge,

C,.Eet
re 2

_ 0:87x3x10° x10x107 x15 8
2

S, =20.62 kg/cm?
Residual strength in concrete slab at edge region = £-S,

=40-20.62

- =19.38 kg/em?

Using IRC stress chart, corresponding to 2= 10, K =6
Load stress in edge regions, Se

=28 kg/ecm?
Factor of safety available Residual strength
Edge load stress
1938
T
=0.69

As the factor of safety

is less than 1.0, it is unsafe.
Therefore, a

ssume a higher slab thickness say 4 =24 cm

Again radius of relative stiffness,

1
1= _3x10°x24* |4
)
12x6(1-0.15%)

1=87.61 cm

Lo 450 "

1 8761 >

L, 350 £ |
1 8761 39

‘ - L
R
e ¥

. — —Acaaan S0 - '1"! <~;1 ; :,.'-.5.:...:‘. MRS 5: 0 MY
= QUORAD SR 7 the SIA GROUP 1060 L3 "W T niLe Covir  Befors'you buy
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2""]:'-.»‘-_Tm figure of warping stress coefficient, .
' I

| \
C at .I—lf— 0f5.14=0-76

o \
C at 22 of3.99=0.5

Y ! ‘- "

C, < C,
Temperature differential for 24 em thick slab (by interpolation) = 16.12 °C
' 0.76x3x10° x10x107° x16.12
Se = 2
S,= 18.38 kg/em?
Residual strength at the edge
= Fr_ Sre
=40-18.38
=21.62 kg/em?

Using IRC stress chart, corresponding to 4 = 24, K = 6
Load stress in edge region, S, = 20 kg/cm?

Residual strength

Factor of safety available = Fdseioad s

2162

—

20 -
=1.08 (whiéh is safe and acceptable value).
Provide a tentative design thickness of 24 cm. ;
Check for corner load srtress, using IRC stress chart
Forh=24,K=<¢
§,=22.5 kg/cm?

Eet a
Comer warpin tress, § = fad
| arping stress, S, ) 1, ]

3%10° %1010 x 16,12 , 15
_ 3(1-0.15) 87.61
= 18.964 x ‘}1\5

- V87.61

=18.964 x 0.413
=7.832 kg/em?

:
|
|
Tesses at corner s,
|

[

The worst cbmbination of st
=225+ 7.832

=30.33 kg/cm?
ch is alse less thap ¢

h ' ,‘
L The thickp ¢ allowable flexural strength of 40 kg/em? and hence the design is safe.
"Et"w" ess of cement Concrete = 24 cm
Wiy : T .
). TR JOURNAL FOR EnGinEERING STUDENTS
'»\_ s @ Mo d :
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‘ ' Subgrade soil samp| -
" below, Ple was tested ys;j

TRANSPORTATION ENGINEERING [JNTU-HYDERABAD]

ng standard CBR appafatus and tho observatiops are given

Penetration (mm)
25
5.0

Assumin
Answer .

g that the load-penetra

tion curve is convex‘throughout, what is the CBR value of the sample.
Given that,

L Load at 2.5 MM penetration = 605 ke. TSRO s doit | i et
s Lload?_t 5.0 mm pe'rietrétion =80.5 kg, ' LA _ :

120}

100

80 it L LT

-+

60

Loads(kg)

Femae--
+

40

03,252 4 6 8:10-'»12
Penetration (mm)
nD?
Area of plunger = T = % % 5% =19.6 cm?

Pressure at penetration of 2.5 mm,

Load _ ¢p.
v ATeR 1_9.2- kg/em? =3.087 kg/em?

Pressure at penetration of 5.0 mm, :
= 192 kg/em? = 4.107 kefem?
C.B.R of soil at 2.5 mm penetration

Pressure on plunger at 2.5 mm %100
R Pressure as above for standard crushed stones

S SR ©iliz
100 . : \ L
=3.087 x — B ‘
70 ‘ 4 55
[+ The standard load values obtained from tests at 2.5 and 5.0 mm penetration i€ 70 and 105 k gfem]
_ 308.7 '

70
=4.41 percent

. 100
C.B.R of soil at 5 mm penetration= 4.107 x 105

_ 4107
= 105'
=3.912 percent

~ ‘4 percent

] f
-

—
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Wn 2 flexible pavement for the following data : ‘ Sis
1. Four lane divided carriage way :
2. Initial traffic at tfie end of construcﬂo.n = comme:clal vehicles/day period in both- directions
3. Percentage of single, Tandem and Tridem axles = 45%, 45% and 10%.
4. Growth of traffic per year = 8% ‘
5. Design life =15 years o _ '\
6. Vehicle damage factor =6 ‘ ‘
7. CBR of soil below 500 mm of subgrade =7%
8. CBR of 500 mm of subgrade from borrow pits = 20%.
Answer : 1% Model Paper-, Q10(h)
iTe 4500 i
Assuming 50% initial traﬁic on each= )
Direction, initial traffic (A) = 2250 commercial vehicles/day
Cumulative number of standard axles is given by,
N = 365[(“;') _l]"xAxDiF S
Where, fiiag doriiid
A - Initial traffic in each direction
D — Lane distribution factor’
F — Vehicle damage factor '
n — Design life '
’ r — Growth rate i
For 4-lane divided carriage way, as pef clause 4.5.1 of IRC: 37-2012, the lane distribution factor is 0.75.
i 365)([(“0'08)]5—1]x2250x075x‘6 e Py
0.08 i
=100.34
~ 100 msa [Million standard axles] (
Effective CBR Value

For CBR below 500 mm of subgrade = 7% and CBR of 500 mm of subgrade = 20%, by interpolation from figure 5.1 of
IRC:37-2012, we get, A
Resilient Modulus (MR)
As per clause 5.3 of IRC : 37-2012,
* Resilient modulus, M, =10 x CBR (For CBR 5)
=17.6 x (CBR)0.64 (For CBR > 5)
M, =17.6 x (15)°% e
ibrlb =99.59
~ 100 N/mm?
| Design of flexible pavement as per IRC:37-2012 involves five combinations. They are,
_ Granular base and granular sub-base '

——————

2. soe ‘

' Ce ; o fe .

N Ce:cn:u'ms base and cementitious subbase of aggregate inter layer for crack relief. T
e i : : ! ruminous lay
infterface, e base and subbase with stress absorbing membrane interlayer (SAMI) at the base and bi

4

. Framed Bitumen/Bi . "
! itumen : . : . i over 250 mm
Cementitious sub base. emulsion treated reclaimed asphalt pavement (RAP) of fresh aggrega!es
Cementitious b & ‘ .
m,ﬂu us base and grﬂn_“!a_r subbase wi_tl_l layer of crack relief above cementitious basi_/-€"[..
-N-ONE JOURNAL FOR ENGINEERING STUDENTS S . % GROUP 52
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Granular Base and Granular Sub-base ﬁen is VG40 (Viscosit'y grade). For

: - 5 ended bitu
As per clause 10,2 of IRC:37-2012, for traffic greater than 30 msa, recomm )
Bituminous concrete (BC) and dense bituminous macadam (DBM) . _

Effective CBR value = 15% °
Traffic = 100 msa . . .kness for granular layers are,
From pg.no.28 and plate 8 (i.e., CBR = 15%) of IRC : 37 - 2012, pavement thicknes
Wet mix macadam, WMM =250 mm [Granular bése]
Granular subbase, GSB = 200 mm :
- For granular layer, resilient modulus is equal to,
M) gamutsc yer = 0-2 X (WMM + GSB)* x M,
=0.2 (250 +200)°* x 100
=312.59 N/mm? _
Cementitious Base and Cementitious Subbase of Aggregate Interlayer for Crack Relief

As per clause 10.2 of IRC:37-2012, for traffic greater than 30 msa, VG 40 (VG-Viscosity grade, bitumen must be used to
prevent rutting. After rolling, dense bituminous macadam (DBM) will have air void of 3%. For traffic of 100 msa).

Layer of bitumen with viscosity grade 40 (DBM +BC)=100mm . [From clause 10.2 of code].
Aggregate interlayer = 100 mm [From clause 10.2 of code]

Cemented base =90 mm  [From pg.31, plate 12 (i.e., CBR 15%) of IRC : 37-2012]

Cemented sub-base = 250 mm [From pg.no.31, plate 12 (i.e., CBR 15%) of IRC : 37-2012 |

- Also clause 10.2 of IRC : 37-2012 says that, upper 100 mm of the cemented sub-base must be graded followiné gradation 4 of
Table V-1 (Annexure - V) Permeability of this layer must be high so that it can"absorb more amount of water (say 300 mm/day).

(ITI) - Bituminous Pavement with Cemented Base and Cemented Sub-base with Layer of SAMI over Cemented Base
As per clause 10.3 of IRC:37-2012, for traffic greater than 30 msa, viscosity grade 40 bitumen must be used.
Thickness of bitumen layer = 100 mm

For traffic 100 msa, from pg no.34 and plate 16 (i.e., CBR 15%) the thickness of cem

ented base and cemented sub base
are as follows. : N

‘

Cemented base (CT base) = 140 mm
Cemented sub-base (CT sub-base) = 250 mm

Also, clause 10.3 says that upper 100 mm of cemented sub-base mﬁst be

p graded so that high value of permeability of
about 300 mm/ day can be obtained. !

av) Foamed Bitumen/Bitumen Emulsion Treated RAP or Fresh Aggregates over 250 mm Sub-base
As per clause 10.4 of IRC:37-2012, for traffic greater than 30 msa, viscosity

flexible pavements strong, fresh aggregates treated with Bitumen emulsion/foamed b
pg.no.36 and plate 20 (i.e., CBR 15% of IRC:37-2012, thickness of treated reclaime

grade 40 bitumen must be used. To make
itumen are used. For traffic 100 msa, from
d asphalt pPavement is,
" RAP=110mm

Thickness of sub-base = 250 mm [From code]

Thickness of bituminous layer =100 mm [Fro.m' ct{)ld’gl

(VIS 1V “Look for the SIA GROUP LOGO @ on the TITLE COVER 'before you'buy EX
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UNIT'5 pavement Design ' 5.17
Cementitious Base and Granular Sub-base with Layer of Crack Relief abvoe Cementitious Base ikl
L As per clause 10.5 of IRC:37-2012, for traffic greater than 30 msa, Viscosity grade 40 bitumen must be used and thickness

{(BC +.DBM), wet mix macadam is equal to 100 mm.

' Thickness of Bituminous concrete = 50 mm
Thickness of dense Bituminous macadam = 50 mm
Thickness of WMM = 100 mm

From pg.no.40'and plate 24 (i.e., CBR 15%) of IRC : 37-201 2, the thickness of cemented base and granular subbase for
iraffic equal to 100 msa is, ’ )

Thickness of cemented base (CT base) = 160 mm
Thickness of granular sub-base (GSB) =250 mm

Upper 100 mm of granular sub-base and cemented sub-base must be open graded so that high permeab

be obtained which results in more water absorbing capacity. i -

5.2 STRESSES IN RIGID PAVEMENT BY WESTERGARDS AND IRC METHODS - DESIGN OF
OVERLAY BY BENKELMAN BEAM METHOD

Q29. Discuss the following considerations in designing the rigid pavements:
(a) Modulus of sub-grade reaction
(b) Relative stiffness of slab
(c) Critical load position
(d) Radius of resisting section.

Answer : '

.~ Model Paperdl, Q10(§)
(@)  Modulus of Sub-grade Reaction

Westergaard provided the formula to calculate the modulus of sub-
grade reaction (X)) is proportional to the deflection and is given by,
P

K=
A

Where,

grade reaction (‘X”) in kg/cm®. The modulus of sub-

P—Pressure sustained by the rigid plate of 75 cm diameter.
A~ Displacement level which is taken as 0.125 cm.
Relative Stiffness of Slab

s depending upon the properties of sub-grade such as stiffness or pressure deformation, the rigid pavement of the slab is
¢d by the sub-grade. The deflection is also induced in the

® Magnitudes of sub-grad sub-grade due to the deformation of rigid pavement, which givgs
' Sub-grade pressure. Thus, the property of deflect; o ith respect to sub-grade
Slermed as relatiye stiffness. property of deflection of pressure of the rigid pavement w:th pec gra

(b)

The Westerganrd’s formula for the radius of relative stiffness is given by,

1

=| |
12K (1-p?)

Where,

£~ Modulus of elasticity of cement concrete in kg/cm?
M- Poisson’s ratio for concrete = (.15
"~ Thickness of slab in ¢m

K-
‘pEtrRu"._. Modulus of sub-grade reaction in kg/em?. | i o bk i
ALl IN-ONE e — — : it i e
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Critical Load Position

) i load such
. . . nds on the location of as
+- The.intensity of the stress produced by the traffic load on the rigid pavement depen :

@

interior, edge and comner regi
.(i) Interior Loading

ons.

' is type of loading is known as interjor
Ifthe load is applied in the interjor region, then it isolates from all the edges. This typ :
loading. .

(i) Edge Loading

~ : : : § 5 se loading.
If the load is applied on the edge, it isolates from a corner, which is termed as edge loading
(iii) Corner Loading ’

oAl ﬁ e rs, then the area of loadin
Ifthe application of central Joad is on the two edges of the slab which intersect at the corne &
at these corners is termed as corner loading.

Radius of Resisting Section

The maximum bending moment ex
resisting section is approximated ac

b= \/vl.6a2 +h? —0.675h

Where,

ists at the loaded area acting radially in _all Fhe directions. The equivalent radius of
cording to westergaard’s analysis which is given by,

b — Equivalent radius of resisﬁﬁg section (cm)
a— Radius of wheel load distribution (cm)
h —Slab thickness in cm,

Q30.

Describe wheel load stresses. Explain the
(a) Wester_gaard's stress equation
(b) Evaluation of stresses for design.

Wheel load stresses for the following:

‘Answer :

(a)

reaction is considered to be vertical and proportional to the deflection, The relationships for the stresses at interior, ed
corner zone by Westergaard is given by, .

' (Comner loading) .

Model Paper-il, Q10(b)
Westergaard’s Stre§s Equation

In this theory, the cement concrete slab is assumed as homo

geneous with uniformly thin elastic plate and the sub-grade

ge and
~(Interior loading) :
0.316P 1
0 == [410&0[3]“,0691 iz - (1)
(Edge loading) '
S 0572 blisadah | ;

.= ;—fl:l—[a 12]] : : . iy s
Where, » | 3
O, 0, o_are the stresses at interior, edge and corner zones in kg/cm?
l h"— ’;'hickness of slab in cm
p — Wheel load in kg
a - Radius of wheel load distribution in cm.

! — Radius of the relative stiffness in cm.

b - Radius of resisting section in cm.

K

>3 -
B ———— -
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5.
mn of Stresses for Design *-_‘:

Depending upon the research work done on cement concrete pavement slabs, the Westergaarg®y whest {
“terior. edge and corner have been modified. For the design of rigid pavements, the strestes ar tond strecs squation
l L]

. the sdge an ‘
| for highways. The load stresses at these zones as per Indian road congress for the design "ff‘umqm'  comer sones s |
Vements

for
jtical for _
following formulae:
The modified form of the Westergaand's edge load stresses formula, which is given by Tefler and Suthertn )
N for satimating

& the load stresses in the critical edge region is given by,

' given by i

S =0.529 —ﬁ (140.54p) © [“(‘!.»[L]Uog.. b—nsnu]
§ =0. e b

For determining the load stress §_at the critical comer zone, Kelley modified the Westergannd' load -

el [av2]”
s;F[l—[ , } ‘

Where,
S S, are the load stresses at the edge and corner zones in kg/cm? respectively.

VIR

12

P — Design wheel load in kg
i — Thickness of cc pavement slab in cm.
u — Poisson’s ratio of the cement concrete slab.
Q31. Explain the following stresses induced in the rigid pavements,
(a) Temperature
(b) Warping
(c) Frictional.
Answer : Modet Paper, A11(5)

() Temperature

In cement concrete pavements, the temperature stresses are developed due to the temperature changes in slab. The lop
zone of the pavement slab gets heated under the sunlight and the zone at the bottom remains relatively colder. The warping siress
are developed in the evening and the bottom of the slab gets heated up. This is because of the transfer of heat from the lop due
10 the decrease 1n temperature.

(b) Warping Stresses
The slab tends to warp upwards or downwards, when the top and bottom surfaces of concrete pavement pesses different
temperatures, It mainly depends upon climatic conditions of the region.

The difference between the top ‘7,” and the bottom ‘.’ of the slab is,
1, -1, =1(degree).
The temperature at mid depth of the slab is,
‘= (1 +1,)
" 2
The effect of Poisson’s ratio, for the interior region in longitudinal and transverse directio
o= .&[_CI +“C), ]

as is given by the cypression.

i 2 l_uz
C.E
.= [—'—‘ Z'el] (or)
& C,Eet

3 [The value which is higher)

: g =ﬂ_ J—i-
»\H(l-“) { .
- _——aGror &

UM q ‘ '
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—_
Where,

. ; 2
| ectively in kg/cm
G G O, are the warping stresses at the interior, edge and corner zones resp ;

E - Modulus of elasticity of concrete

€ —Thermal coefficient inC '
! —Temperature difference between the top and the bottom of slab

C_ - Coefficient based on ITV in desired direction

C, — Coefficient based on % in ri‘ghl angle to the above direction

1 — Poisson’s ratjo,

- (€)  Frictional Stresses

The overall expansion and contraction ofthe slab is due to uniformtemperature rise and fall in concrete slab. The frictiona|
resist

ance prevents the movements thereby including the frictional stress in the bottom fibre of the cement concrete pPavement,
Due to this phenomenon, the stresses in the slabs varies with slab length.

L h

.S, XhxBx100=Bx = x 1"

T | 2-*~Too-* WX/
__WLf

r 2x104

Where,

S, - Unit stress developed in cement concrete pavement.
W — Unit weight of concrete 43
f- Coeﬁicie‘n‘t'ofsﬁb-‘g‘rade restraint' .
L -Slablength
B —Slab width.

- Q32. Write the relation between tyre and contact pressure. Draw the neat sketch.

Answer :

Tyre Pressure and Contact Pressure

I
Tyre pressure is a pressure in an inflated rubber tube of a tyre. The tyre pressures in the AASHTO road test were used in
the range between 0.

51510 0.55 MPa. ln Indian conditions, and average tyre pressure for design purpose may be assumed as 0.8
MPa: o

LS ot

Tyre contact pressure may be described as a pressure originated because of wheel lo
stresses induced in the pavement structure is calculated by using tyre contact pressure and there
damages. ‘

Toyel g fw L
ad over the tyre imprint area. The
M ) 7| t
fore may be associated to pavemen

The contact area decreases by increase in tyre pressure. But there is also increase in contact area and load on tyre. Ir.' some
cases, there is also increase in contact pressure by increase in axle load and tyre pressure. Generally, this type of situation IS sf;':
in summer due to overloaded trucks, since elevated inflation pressures are seen because of maximum temperatures of paver™
and air. Any how, for the purpose of design, tyre contact pressure and tyre ?ressure may be assumed to be equal.

- Wheel Load } & ‘ i
~. Tyre Pressure, P = ContactPressure . e alat A ‘____/
. Look for the SIA GROUP LOGO: )} on ihe: TITLE GOVER. befors you byt~
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/ . * ~Wheel/ Tyre BT - —

|—>Tyre Pressure

7'\ Contact Pressure

////////,////B// )

.....................

............... 5 ub_gm de

Figure: Contact Pressure and Tyre Pressure’"’ |

33. Explain clearly the differences between rigid and flexible pavements.,

Answer :

The differences between rigid and flexible pavements are as follows:

Flexible Pavement ; _ Rigid Pavement
‘1. | The upper layers of the sub-grade are 1. | The subsequent layer of the sub-grade does not undergo
subjected to deformation. \ | any deformation an act as cantilever beam.

2. | The design of flexible pavement depends on | 2. | The design of rigid pavement depends on the paramete'l‘s

the load distributing characteristics of the .. - | |- like flexural strength or slab action.

s nl sloniedd o~ N By ..v\'|,“-‘u ¥
TIME D] R < > 3 2k

‘component layers. ‘

M By

3. | The flexural strengthis low. ... 3: - The flexural strength is high. |
4. | The life span of flexible pavement is low v 4. | When compared to flexible pavement, the life span of rigid

pavement is high. | '
3. | The completion cost is inexpensive but the 5. | Maintaining cost is economical but completion cost is high. .

maintaining costs are expensive.

Sub-base layer is needed for laying of surface | 6. Laying of surface can be ‘done‘ direél]y.

on the sub-grade layer.

" o Bleen { e Y
1 [ Th o . . .
| ¢ contraction and expansion properties of | 7. | The contraction and expansion properties of the pavement

the pavement is high, Hence, it does not get

is low. Hence, it exposed to various thermal stresses, and

exposed to thcrmal stresses and expansion

"|- expansion joints are required.

joints are not required. ' aF 1 | '
4 8. Depending Oﬂ the strength of sub-grade, * | 8. Depending on the strength of sub-grade, the strength of %
s :elrl‘:: :::::f:::(? " hig.h, sub-grade, the strength of the road is less
|1 Traffic cap utilize :}: eq“;'ed 9. | Rolling of surface is not requx;ed )
Q Frctong . lOwroa within 24 hours, 10.| Before 14 days of curing @e road cannot Pc used.
»Ecrku" Alivons 11. Fnctlonal ‘.f(.)..r.c.e,@ high. . = e 1‘} .- |
JOURNAL FOR ENGINEERINQ STUDENTS = -~ 5l A GROUP ) y
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Q34.

Answer ;:

Benkelman Beam Test

e —

Explain the principles and uses of Benkelman Beam test?

Model Paper.|, Q11(n)

es for conductm Ben
Bankelman beam is a deflection measunng equipment. Indian Road Congress gave guidelin 2 kclman

thickness.
beam test for structural evaluation of flexibje pavement and also- for overlay of strengthening
Equipment and Workmg Principle

Equipments used in Benkelman beam test are,

(a) Standard Benkelman beam consisting of a dial gauge

‘(b) Loaded truck

(¢) Tools for collecting soil samples and for checking the temperature of pavement etc.

|

Rebound deflection of pavement is measured after the movement of loaded truck on the pavement.
1. The road whose deflection is to be determined is marked with number of deflection observation points,
2. Now the loaded truck moves along the pavement.

3. Simultaneously, the rebound values at marked points are noted. Few soil samples are collected to conduct tests Jike
liquid limit, moisture content-etc.

Deﬂection Varies From Point to Polnt

“Characteristic deflection value” is obtamed by statistical analysis of data collected i.e., rebound values.

-

Uses
Following are the uses of Benkelman Beam 'test.
It is used for calculatmg deﬂectlon of pavement.
2, It is economical
3. Method of study is sirﬁple and easy. )

'Q35. Compute the radius of relative stiffness of 16 cms thick cement concrete slab from the following data:
Modulus of elasticity of cement concrete = 2, 15,000 kg/cm?, Poisson's ratio for concrete = 0.142 and
modulus of sub grade reaction K = (1) 3.2 kg/em® and (ji) 7.4 kg/lcm?.

Answer : ! , | ; Model Paper-ill, Q11(b)
Given that, : . :
Thickness of cement concrete slab, 4 = 16 cm
Modulus of elasticity of cement éoncrete,
E =2, 15,000 kg/cm?
E =215 x 10° kg/cm?
Poisson’s ratio for concrete, p = 0.142
(@)  For modulus of sub-grade reaction,

K=32kg/cm?

According to Westergaard’s theory, the equation for relative stiffness is given as
1

= & ]7
12K (1-p?)
1
_[ 2.15%x10°xq6)? ]‘
| 12x3.2x(1-(0.142)?)

1—6955cm

“
- ——
-
T R

J"
DR ¥4
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(“) For m'odulus ofsub-grade reaction K= 7.4 kg/cml . 23
\'

Westergaard’s equation for radius of relative stiffness is given as,
1

=B ]X

- [12ka-p?)

: 1

[ 215x10°%06)° | .
_12x7.4><(1—(0.142)2)] I R

s [ =5640cm

—
36. Calculate the stress at Interior, edge and corner reglons of a cement con
crete pavemant usi
ng

Westergaard’s stress equations.
Use the following data.
Wheel load, P = 5100 kg
Modulus of elasticity of cement concrete,
E = 3.0 x 10° kg/cm?
pavement thickness, h =18 cm
Poisson’s ratio of concrete, p = 0.15
Modulus of sub-grade reaction, K = 6.0 kg/cm’
Radius of contact area, a = 15 cm
Answer : '

' a
Equivalent of resisting section, 71
2 <1724
h

Radius of equivalent distribution of pressure is given as,

b =162 +n* —0675h

b= l4cm

—

!
Radius of relative stiffness, / = ___Ehl._ t
, _lZK(l-uz)

- X
1= _3x10°x18> | | .
[ 12x6(1-0.15%) ' ‘

/=70.611 cm

Stress at the interior,

0.316P /
S = E |:4log?0|:3]+l.069J
0.316x5100 70.611 L
§ = =272 |4lo +1.069 . ' |
i 182 [ gm[ 1a ] ] |
S =19.299 kg/cm?

LT

oy -
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Stress at the edge, ~~

0.572pP 11 AR
St = E3 4log,, E +0.359]
_ 0.572x5100 70.611
e T8 [410&0[T]+0.359] ,

S, =28.542 kg/em?

Stress at the comér,

_ 3xs100 |, [156 ]“"

¢ 182 70.611

S,=24.272 kg/em?

Q37. Compute the stresses d
locations on a cemen
Westergaard's equatio

_data, ;

ue to loading at salient
t concrete slab using
ns from the below given
Poisson’s ratio of concrete = 0.15
Pavement slab thickness = 22 cm
Modulus 6f elasticity of concrete
= 2.77 x 10°® kg/cm?
Modulus of subgrade reaction = 4.35 kg/cm?
Radius of contact of tire = 16 cm
Wheel load = 4950 kg.
Answer : |
. Given that,
Poisson’s ratio of concrete, L = 0.15,
Pavement slab th.ickness, h=22cm
Modulus of elasticity of cement concrete is,
E=277x10°kg/em®>
Modulus of subgrade reaction, k = 4.35 kg/cfn’
Radius of contact érea of tire, =16 cm
Wheel load, P = 4950 kg

Equivalent resisting section,

. Radius of equwalent distribution of pressure j is gIVen by,

o b=l6a +h ~0.675h

= J1.6x(16)> +(22)* -0.675 x 22
-299-1485

b=15cm
Radh‘ls of relative stiffness,

o
I=|——— |
lek(l—p?)

- b o . 1
_ | 277x10°x(22)? %
| 12x4.35%(1-(0.15)?)
I=872cm

The stresses due to loadings for a cement concrete s|a}
using Westergaards’ stress equatxons are as follows

(i) Stress at the mtenor,

0.316x4950[ = (872 :
= =" l4log,o| 2= }+1.069
. ()2 [ g“’[ 15 ) ]

=3.2318 x 4.1267

< §,=13.33 kg/cm?
(ii)  Stress at the Edge,

0.316P —
S, = 2 [4log,o[i]+l.069]

0.
=:0316x4950 [4logm[ 81752 ]+1 069]

(22)
S,=5.85 x 3.4167

. '8, =19.98 kg/em?

, ja baol 1
Stress at the comer,

(iii)}

{1

S = 0 5’721) [4]0gl 0(11, ]+ 0.359]

.  (872),
a _16 i 0.572x:?50 [410&0(—]‘“0'”9]
hoo22 (22) 15
=0.727 : '
=30.68 0.555
— <1.724 =17.03 kg/cmz _—/

———

----
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——hats tho radlus of relative stiffness for a 20 cm thick slab with E = 3 x 10° kg/cm?
03 =0.15, restingon a subgrade having modulus of 5 kg/cm?? . _ .

_ 5.25
and Poisson’s ratjg

Answer 3 ’ boily aeans .: ‘

Given that, s it

Thickness of cement congrete slab, =20 cm

Modulus of elasticity of cement concrete,

E =3 x 10 kg/cm?

Poisson’s ratio for concrete, p = 0.15

For modulus of sub-grade reaction,
K =5 kg/em?

According to Westergaard's theory, the equation for relative stiffness is given as,

| = l ERh' :
12K(1 —p)

_‘ 3x10° x (20)’ ]*
| 12xs (1= (0.15))

S 1=T79.981 cm

Q39. For a 25 cm thick cement concrete pavement, analysis of stresses gives the following values:
Wheel load stress due to comer loading = 30 kg/cm? o
Wheel load stress due to edge loading = 32 kg/cm?
Warping stress at corner region during summer = 9 kg/cm?
Warping stress at corner region during winter = 7 kg/cm?
Warping stress at edge reglon'during éummer = 8 kg/cm?
Warping stress at edge region during winter = 6 kg/cm?
Frictional stress during summer = 5 kg/cm?
Frictional stress during winter = 4 kg/cm?

What is the most critical stress value for this pavement?
Answer :.

Given that,
At summer:
Wheel load stress due to edge loading = 32 kg/cm?
Wheel load stress due to corner loadfng =30 kg/cm?
Warping stress at edge region = 8 kg/cm? |
Warping stress at corner region = 9 kg/cm?
Frictional stress = 5 kg/em?

Critical _combination of stresses at redge region = (Wheel load stress — Frictional stress + Warping stress)
‘ =(32-5+8) |
=35 kg/em?

fitical combination of stresses at comer region = (Load stress + Warping stress)

R
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At Winter: v - = — . o ——

Wheel load stress due to> z;,dge loadmg ‘ 32 l;g/ cm?
Wheel load stress due to coner loading = 30 kg/cm?
Warping stress at edge reglon 8 kg/cm?
Warping stress at comner region = 7 kg/cm?
Frictional stress = 4 kg/cm?
Critical gombinatiqn pf stresses at edge region = (Wheel lbad stresé + Frictional stress+ Warping stress)
Critical combmatlon of str it 4 e i |
esses at corner region = (Wheel loads stress + Warping stress)
=30+7
The most crmcal strqss”‘v. A e e > kg/cmz 4
alue for the pavement dunng summer = 39 Kg/cm?’ at corner region

The most
critical stress value for the pavement’ during winter = 44 kg/cm? at edge region
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