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UNIT-III

DESIGN OF RIGID AND FLEXIBLE PAVEMENTS
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Design Practice for Flexible Pavements [CBR method, IRC method and Recommendations- Problems]
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Two Marks Questions and Answers

1) Define Pavement?

The Pavement consisting of a few layers of Pavement material is constructed over a prepared soil sub grade to serve as a carriageway.


One of the objectives of a designed Pavement is to keep this elastic deformation of the Pavement within the Permissible limits.

2) What are the types of Pavement Structure?

Based on the structural behaviour, Pavements are generally classified in to two categories.

i) Flexible Pavements.

ii) Rigid Pavements.

3) What is mean by Flexible Pavements?

Flexible Pavements are those, which on the whole have low or negligible flextural strength and are rather flexible in their structural action under the loads. The Flexible Pavements layers reflect the deformation of the lower layers on to the surface of the layer. 

4) What are the components in Flexible Pavements?



A typical flexile pavement consists of four components


i) Soil sub grade


ii) Sub base course


iii) Base course


iv) Surface course

5) Define rigid pavement.


Rigid pavements are those, which possess note worthy flexural strength or flexural rigidity. The stresses are not transferred from grain to the lower layers as in the ease of flexible pavement layers. The rigid pavements are made of Portland cement concrete either plan, reinforced or prestressed concrete.

6) What are the functions are in pavement components?


The functions are:

1) Soil subgrade are its evaluation

a. California bearing ratio test

b. California resistance value test

c. Triaxial compression test

d. Plate bearing test.

2) Sub base and base courses and their evaluation

3) Wearing course and its evaluation

7) Define the two parts of pavement design?



Pavement design consists of two parts:

i) Mix design of materials to be used in each pavement component layer

ii) Thickness design of he pavement and the component layer.

8) What are the factors considered in design of pavements?


The various factors to be considered for the design of pavements are given below.

i) Design wheel load

ii) Sub grade soil

iii) Climatic factors

iv) Pavement component materials

v) Environmental factors

vi) Special factors in the design of different types of pavements.

9) Give the equation for Boussineq’s theory?



The equation for vertical stress computations under a uniformly distributed circular load based on Boussineq’s theory is given by:


                          



σ2= P       1--        Z3

                                              (a2 + z2)3/2

Here,


σ2 = Vertical stress at depth Z


P=Surface pressure


Z= depth at which σ2 is computed


a= Radius of loaded area. 

10) Define the three types of pressure?



The types of pressure are:

A) Tyre pressure       B) Inflation pressure   C) Contact pressure

11) How to measure the contact pressure?



Contact pressure can be measured by relationship:





      Load on wheel

Contact pressure = Contact area (or) area of imprint    

12) Calculate ESWL of a dual wheel assembly carrying 2004 kg each for pavement thickness of 15,20 and 25 cm. Centre to center tyre spacing 27cm and distance between the walls of the tyres=11 cm.

Solution:



Here=2044 kg 2P= 4088kg D= 11cm S=27cm

X and Y points are plotted on a log graph between ESWL and pavement thickness



X has coordinates (P, d/2) = (2044, 5.5)



Y has coordinates (2P, 2S) = (4088, 54)

13) Define modulii.



Depending upon the design methods the elastic modulii of different pavement materials is evaluated. Mainly plate bearing test is employed for this purpose.

The elastic modulii values of the following are determined by plate bearing tests:

i) Sub grade modulus

ii) Elastic modulii of base course and sub base course materials.

14) What are the major effects in climatic variations?



The climatic variations cause following major effects:

i) Variation in moisture condition

ii) Frost action

iii) Variation in temperature.

15) What is mean by semi-empirical?



When the design is based on stress strain function and modified n\based on experience it may be called semi-empirical (or) Semi theoretical.

16) What are the design methods available in flexible pavement?



The following methods are:

i) Group index method

ii) California bearing ratio method

iii) Stabilometer method

iv) Triaxial test method

v) McLeod method

vi) Burmister method

17) Which formula is used for estimating the design traffic?



The formula is:




A= P [1 + r] (n + 10)
Where,


A= number of heavy vehicles per day for design


P=number of heavy vehicles per day at least count


r= annual rate of increase of heavy vehicles


n= number of years between the last count and the year of completion of construction

18) Define critical load positions.



There are three typical locations namely the interior, edge and corner, where differing conditions of slab continuity exist. These are termed as critical load positions.

19) What are the types of loading?



Interior loading --- When load is applied in the interior of the slab surface



Edge loading
----- When load is applied in an edge of the slab.



Corner loading ---- When the center of the load application is located on the bisector of the corner angle formed by two intersecting edges of the slab.

20) Define Wheel load stresses?



A.T.Goldbeck indicated that many concrete slabs failed at the corners. He derived a corner load formula due to a point load at the corner of the slab. It is given by:


Sc = 3P


Sc = Stress due to corner load, kg/cm2
                     H2

P=Corner load assumed as a concentrated point load, kg



                        H=Thickness of the slab, cm

16 Marks questions and Answers

1) Briefly explain the comparison of rigid and flexible pavements?

 The comparisons are:

i) Design precision



A cement concrete pavement is amerable to a much more precise structural analysis than a flexible pavement. Flexible pavements designs are mainly empirical. Computer aided analysis of layered system is making the flexible pavement design more exact than hitherto.

ii) Life


*) Cement concrete slabs of a thin section constructed in the early 1940’s are still in existence in India though many of them have cracked badly and a few of them have been ripped open and rebuilt in recent ties.


*) A major project in cement concrete road construction between Agra and mathura.It can safely be said that a well designed concrete slab has a life of about 40 years.


*) Compared to this the life of a flexible pavement generally varies from 10 to 20 years..

iii) Maintenance:


*) A well-designed cement concrete pavement needs very little maintenance. The only maintenance needed is I respect of joints.


*) The surface is unaffected by spillage of oil and lubricants, bituminous surfaces on the other hand, need great inputs in maintenance.


*) The surface is affected by spillage of oil and lubricants. The surface is also affected by natural weathering agents like air, water ad temperature changes.


*) A cement concrete pavement on the other hand needs a small amount for maintaining joints.

iv) Initial cost:


*) The argument so far used against a cement concrete slab is that it is much more costly than a flexible pavement.


*) The latter specifications no doubt represent the rock-bottom needs of a road in India, but these specifications can hardly provide a smooth and durable surface.

v) Stage construction:

*) Road construction is generally done adopting a policy of stage construction especially for low volume roads. As traffic grows, additional layers in the form of water bound macadam and superior surfacing are added on.


*) Initial outlay is minimum and additional outlays are in keeping with traffic growth. This is a great advantage when dealing with new roads in an atmosphere of austerity.

vi) Availability of materials:

*) Cement, bitumen, stone aggregates and gravel/sand are the major materials involved in pavement 

Construction. Cement has been in serious short supply in the country for the past many decades.


*) Bitumen is also not available plentifully in India. There is also the danger of the entire oil reserves in the world shrinking during the next two or three decades.


*) In locations where stone aggregates are scarce, cement concrete may have an advantage for flexible pavements

vii) Surface characterstics:


*) A good cement concrete surface is smooth and free from rutting, potholes and corrugations. In a bituminous surface it is only the asphaltic concrete surface that can give comparable rideablity.


*) A well constructed cement concrete pavement surface can have a permanent nonskid surface. A bituminous surface can also be designed to have a good skid resistant surface.

viii) Utility location:

*) In cement concrete slabs, proper thought has to be given to locate utilities ,such as water pipes, telephone lines and electric cables.

*) It is difficult to rip open the slab and restore it to be the original condition ,if any changes in the utilities lines are to be made.

ix) Glame and night visibility:

*) Concrete pavements have a gray color which can cause glam under sunlight. Colored cement can reduce the grave.

*) On the other hand, bituminous roads need more street lighting.

x) Traffic dislocation during construction:


*) A cement concrete pavement requires 28 days before it can be thrown open to traffic. On the other hand, a bituminous surface can be thrown open to traffic shortly after it is rolled.

xi) Environmental considerations during construction:


*) The process of heating of bitumen and aggregates and mixing them together on hot mix plants, can prove to be much more hazardous to the environment than cement concrete construction where no heating of any material is involved.

xii) Overall economy on a life cycle basis:


*) A good road is costly to construct but once constructed such a road requires little maintenance and results in savings in vehicle operating costs.


*) The comparative economy of a flexible pavement and a rigid pavement have proved that on overall economic considerations.

2) Briefly explain about types of pavement structure?

Based on the structural behavior, pavements are generally classified into three categories:

i) Flexible pavements

ii) Rigid pavements

iii) Semi rigid pavements 

Flexible pavements:



*) Flexible pavements are those, which on the whole have low or negligible flexural strength and are rather flexible in their structural action under the loads.The flexible pavement layers reflect the deformation of the lower layers on to the surface of the layer.



*) A flexible pavement consists of four components(i) Soil subgrade (ii)  sub base course (iii) base course (iv) Surface course.

*) The flexible pavement  layers transmit the vertical or compressive stresses to the lower layers by grain to grain transfer through   the points of contact  in the granular structure. A well compacted granular structure consisting of strong added aggregate can transfer the compressive stresses.

*) The load spreading ability of this layer therefore depends on the type of the materials and mix design factors. Bituminous concrete is one of the best flexible pavements layer materials. Other materials which fall under the group are all granular materials with or without bituminous binder, granular base and sub base course materials.

*) The vertical compressive stress is maximum on the pavement surface directly under the wheel and is equal to the contact pressure under the wheel. The flexible pavement may be constructed in a number of layers and the top layer has to be strongest as the highest compressive stresses.

*) Flexible pavements are commonly designed using empirical design  charts or equations taking into account some of the design factors, there are also semi empirical and theoretical design methods.

Rigid pavements:



*) Rigid pavements are those which possess note flexural strength or flexural rigidity. The stresses are not transferred from grain to grain to the lower layers as in the   ease of flexible pavements layers.



*) The rigid pavements are made of Portland cement concrete plain, reinforced or prestressed concrete. The plain cement concrete slabs are expected to take up about 40 kg/cm2 flexural stress.



*) The rigid pavement has the slab action and is capable of transmitting the wheel load stresses through a wider area below. The main point of difference in the structural behavior of rigid pavement as compared to the flexible pavement is that the critical condition of stress in the rigid pavement is the maximum flexural stress occurring in the slab due to wheel load and the temperature changes whereas in the flexible pavement .



*) As the rigid pavement slab has tensile strength, tensile stresses are developed due to the bending of the slab under wheel load and temperature variations. Thus the types of stresses developed and their distribution within the cement concrete slab are quirt different.



*) The cement concrete pavement slab can very well serve as a wearing surface as well an effective base course. The rigid pavement structure consists of a cement concrete slab, below which a granular base or sub base course may be provided.



*) Though the cement concrete slab can also be laid directly over the soil subgrade, consists of fine grained soil.



*) the rigid pavements are usually designed and the stresses are analyzed using the elastic theory, assuming the pavements as a n elastic plate resting over an elastic or a viscous foundation.

Semi rigid pavements:



*) when bonded materials like the pozzolanic concrete, lean cement concrete or soil cement are used in the base course or sub base course layer the pavement layer has considerably higher flexural strength  than the common flexible pavement layers.



*) when this intermediate class of materials are used in the base or sub base course layer of the pavements, they are called semi rigid pavements.



*) This third category of semi rigid pavement are either designed as flexible pavements with some correction factors to find the thickness requirements based on experience or by using a new design approach.



*) The semi rigid pavement materials have low resistance to impact and abrasion and therefore are usually provided with flexible pavement surface course.

3) Describe the various functions of pavement components?

The functions are:

Soil sub grade and its evaluation:


*) The soil sub grade is a layer of natural soil prepared to receive the layers of pavement materials placed over it. It is essential that at no time the soil sub grade is overstressed, it means that the pressure transmitted on the top of the sub grade is within the allowable limit.


*) Many tests are known for measuring the strength properties of the sub grades. Some of the tests have been standardized for the use. The common strength test for the evaluation of soil subgrade is:


i) California bearing ratio test.


ii) California resistance value test.


iii) Triaxial compression test


iv) Plate bearing test.

California bearing ratio (CBR) test:


It is evolved for the empirical method of flexible pavement design. The CBR test is carried out either in the laboratory on prepared specimens or in the field by taking in situ measurements.

California resistance value:

It is found by using hveem stabliometer.This test is used in an empirical method of flexible pavement design based on soil strength. 

Triaxial test: 


It is the most important soil strength, but still the test is not very commonly used in structural design of pavements.

Plate bearing test:


It is carried out using a relatively large diameter plate to evaluate the load supporting capacity of supporting power of the pavement layers. The results are plate bearing tests are used in flexible pavement design method like McLeod method on based on layer system analysis by brumister.

Sub base and base courses and their evaluation:


*) There layers are made of broken stones, bound or unbound aggreagate,some times in sub base course a layer of stabilized soil.(or) Selected granular soil is also used.


*) however at the sub base course it is desirable to use smaller size graded aggregates. When the sub grade consists of fine grained soil and when the pavement carries heavy wheel loads.


*) Sub base course primarily has the similar function as of the base course and is provided with inferior materials than of base course. Base courses are used, under rigid pavement for 


i) Preventing pumping


ii) Protecting the sub grade against frost action.

*) Thus the fundamental purpose of abase course and sub base course is to provide a stress transmitting medium to spread the surface wheel loads in such manner.

*) The sub base and base course layers may be evaluated by suitable strength or stability test like plate bearing CBR test.

Wearing course and its evaluation:


*) The purpose of the wearing course is to give a smooth riding surface that is dense. It resists pressure exerted by tyres and takes up wear and tear due to the traffic.


*) Wearing course also offers a water tight layer against the surface water infiltration. The flexible pavement normally a bituminous surfacing is used as a wearing course.


*) In rigid pavements, the cement concrete acts like a base course as well as wearing course. Most popular test in use is marshal stability test where in the optimum content of bitumen binder is worked out based on the stability density.


*) Plate bearing test and Bankelman beam test are also sometimes made use of for evaluating the wearing course and the pavement as a whole.

4) Explain the various factors to be considered in pavement design? Discuss the significance in each.

Pavement design consists of two parts:

i) Mix design of materials to be used in each pavement component layer. Thickness design of the pavement and the component layers.

The various factors to be considered for the design of pavements are given below:

i) Design wheel load

ii) Sub grade soil

iii) Climatic factors

iv) Pavement component layers.

v) Environmental factors

vi) Special factors in the design of different types of pavements.

Design wheel load:


The various wheel load factors to be considered in pavement design are:

i) Maximum wheel load

ii) Contact pressure

iii) Dual or multiple wheel loads

iv) Repetition of loads.

Maximum wheel load:


The wheel load configurations are important to know the way in which the loads of a given vehicle are applied on the pavement surface. Typical wheel load configurations of a tractor trailer unit of a heavy duty vehicle are shown in fig.


*) For highways the maximum legal axle load as specified by Indian road congress is 8170 kg with a maximum equivalent single wheel load of 4085 kg.


*) The evaluation for vertical stress computations under a uniformly distribute of circular load based on Boussineq’s theory is given by:
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σz =  vertical  stress at depth z

P= surface pressure

Z=depth at which σz  computed.

A=radius of loaded area.

Contact pressure:



Generally the wheel load is assumed to be distributed over a circular area. But by measurement of the imprints of tyers with different load and inflation pressures. Three terms in use with reference to tyre pressure are:

· Tyre pressure

· Inflation pressure

· Contact pressure

Tyre pressure and inflation pressure mean exactly the same .the contact pressure is found to be more than tyre pressure when the tyre pressure is less than 7 kg/m2 and it is vice versa when the tyre pressure exceeds this value.

Contact pressure can be measured by the relationship






Load on wheel



Contact pressure = ----------------------------------------





         Contact area or area of imprint

The general variation between the tyre pressure and measured contact pressure is shown in this fig.

The ratio of contact pressure to type pressure is defined as rigidity factor. Thus value of rigidity factor is 1.0 for an average tyre pressure of 7 Kg/cm2.This value is higher than unity for lower type pressures and less than unity for tyre pressures higher than 7 kg/cm2.

Equivalent single wheel load (ESWL):


*)  The maximum wheel load within the specified limit and to carry greater load it is necessary to provide dual wheel assembly to the rear axles of the roads vehicles.


*) In other words the pressure at a certain depth below the pavement surface cannot be obtained by numerically adding the pressure caused by any one wheel.


*) The effect is in between the single load and two times load carried by one wheel. The load dispersion is assumed to be at an angle of 450.In the dual wheel load assembly let d be the clear gap between the two wheels ,S be the spacing between the centers of the wheels and a be the radius of the circular contact area of each wheel. Then S = (d + 2a).


*) ESWL may be determined based on either equivalent deflection or equivalent stress criterian.Multiple wheel loads are convert to ESWL and this value is used in pavement design. The ESWL is usually determined by the equivalent stress criterion using a simple graphical method.


*) A straight line relationship is assumed between ESWL and depth on log scales. For determining ESWL the plot is made as shown in fig.

*) Two points A and B  are plotted on the log-log graph with coordinates of A (P,d/2) and B(2p,2s),line AB is a plot which is the focus of points where any single wheel load is equivalent to a certain set of dual wheels.

*) To Calculate the ESWL for a dual assembly it is essential to estimate a design thickness of the pavement. If the design thickness so obtained is equal to the estimated thickness then the ESWL calculations could be considered as correct. Otherwise trials are made.

*) In heavy trucks and trailers the load on each wheel may be further reduced by multiple wheels and tandem axles.

Repetition of loads:


*) The deformation of load pavement (or) sub grade due to a single application of wheel load may be small. It required carrying out traffic surveys for accounting the factor of repetitions for wheel loads in the design of pavement.


*) Data collected are converted to some constant equivalent wheel loads. Equivalent wheel load is a single load equivalent to the repeated applications of any particular wheel load on a pavement which requires the same thickness and strength of pavements.


*) McLeod has given a procedure for evolving equivalent load factors for designing flexible pavements.

5) Write short notes on



i) Characteristic of pavement materials



ii) Climatic variation

Characteristic of pavement materials:


For design purpose it is required that the various pavement materials are assigned strength suitable to the design method employed for the purpose. The general strength values evaluated are:

i) California Bearing ratio value

ii) Elastic modulii

California bearing ratio:


The strength values so obtained for the materials tested are of relative significance and do not provide as absolute measure. There is design methods which employ the CBR strength value of materials used in different pavement layers.

Elastic modulii:


Depending upon the design methods the elastic modulii of different pavement materials is evaluated. Mainly plate bearing test is employed for this purpose. The elastic modulii values of the following are determined by plate bearing tests:

i) Sub grade modulus

ii) Elastic Modulii of base course and sub base course materials.

Sub grade modulus:


It is computed from the plate bearing test data.Boussinesq’s settlement equation for maximum vertical deflection at the surface and the centre of a flexible plate is given by:
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P is the uniform pressure on the flexible loaded plate of radius a.

Es is the modulus of elasticity of the soil.

If the load is applied by means of a rigid circular plate instead of flexible one, the pressure on the surface is not uniformly distributed and so the theoretical value of maximum deflection      at the surface in this case is given by
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If the level of design deflection is defined, then from the plate bearing test carried out on a given soil subgrade with the plate of diameter = 2a, the pressure p can be recorded from the test plots.



Subgrade modulus Es = 1.18 
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For computing elastic modulii of pavement materials, Brumisters elastic layered system analysis is employed. It consisting of a pavement layer of thickness h with the elastic modulus Ep laid over the subgrade is given by:
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With known values of design deflections, yielded pressure P, subgrade modulus Es and radius of loaded area a, the value of displacement factor F2 is obtained.

Climatic variations:


The climatic variations cause following major effects:

i) Variation in moisture condition

ii) Frost action

iii) Variation in temperature

Variation in moisture content:


*) Considerable variations in moisture condition of sub grade soil are likely during the year depending on climatic condition soil type groundwater level and its variations drainage conditions type of pavement and shoulders.


*) The stability of the sub grade soils are decreased under adverse moisture conditions. As the moisture content of sub grade below the center is often different from that at the pavement edges, there can be differential rise or fall of the pavement edges with respect to the centre.


*) 


*) These effects are likely to cause considerable damages to the pavements and will also be progressive and cumulative.

Frost action:


*) It refers to the adverse effective due to frost heave ,frost melting or thaw and the alternate cycles of freezing and throwing. The frost action in general includes all effects associated with freezing temperature on pavement performance.


*) The freezing and thawing which occur alternately due to the variation in weather causes undulations and considerable damages to the pavement. Hence the overall effects due to frost heave, frost melting and alternate freeze thaw cycles are called the frost action.


*) The various factors on which frost action depends may be broadly classified as:



i) Frost susceptible soil



ii)  Depressed temperature below freezing point



iii) Supply of water



iv) Cover.


*) One of the most effective and practical methods to decrease the damaging effects due to water and frost action is to install proper surface and subsurface drainage system.

*) Another effective method is by providing a suitable capillary cut-off. It is also possible to reduce the adverse effects of frost action on pavements by soil stabilization.


*) Salts like calcium chloride (or) Sodium chloride when mixed with sub grade soil lowers the freezing temperature of the soil water and hence temporarily decreases the intensity of frost action.

Variation in temperature:


*) Variation temperature due to climatic changes my cause damaging effects in some pavements.

Temperature stresses of high magnitude are induced in cement concrete pavements consequent warping of the pavement. Bituminous pavement becomes soft in hot weather sand brittle in very cold weather.

6) Enumerate the various methods of flexible pavement design? Briefly indicate the basis of design in any three cases:


*) The flexible pavement is built with number of layers. In the design process it is to be ensured that under the application of load none of the layers is overstressed.


*) The maximum intensity of stresses occurs in the top layer of the pavement .The magnitude of load stresses reduces at lower layers.


*) In the design of flexible pavements, it has yet not been possible to have a rational design method wherein design process and service behavior of the pavement can be expressed by mathematical laws.


*) Flexible pavement design methods are accordingly either empirical or semi empirical. In these methods, the knowledge and experience gained on the behavior of the pavements in the past are usefully utilized.

 Various approaches of flexible pavement design may be thus classified into three groups:



i) Empirical method



ii) Semi-empirical or Semi theoretical method



iii) Theoretical method


*) Empirical methods are either based on physical properties or strength parameters of soil sub grade. When the design is based on stress strain function and modified base on experience it may be called semi-empirical or semi-theoretical. There are design methods based on theoretical analysis and mathematical computations.

Out of the flexible pavement design method available is

i) Group index method

ii) California bearing ratio method

iii) California R value (or) Stabiliometer method

iv) Triaxial test method

v) McLeod method

vi) Burmister method

Group index method:


*) Group index value is an arbitrary index assigned to the soil type in numerical equations base on the percent fines liquid limit and plasticity index.


*) The design chart for group index method for determining the pavement thickness is given in fig.

The traffic volume in this method is divided in three groups.

	Traffic volume
	No of vehicles per day

	Light
	Less than 50

	Medium
	50 to 300

	Heavy
	Over 300


The design of the pavement thickness by this method, first the G1 value of the soil is found the anticipated traffic is estimated and is designated as light, medium or heavy as indicated 

The G1 method of pavement design is essentially an empirical method based on physical properties of the subgrade soil. This method does not consider the strength characteristics of the subgrade soil and therefore is open to question regarding the reliability of the design based on the index properties of the soil only.

California bearing ratio method:



*) California division of highways in the U.S.A. developed CBR method for pavement design. The majority of design curves developed later are base on the original curves proposed by O.J.porter.



*) One of the chief advantages of CBR method is the simplicity of the test procedure. The CBR tests were carried out by the California state highway department on existing pavement layers including subgrade, subbase and base course.



*) Based on the extensive CBR test data collected  on pavement which behaved satisfactory and  those which failed, an empirical design chart was developed correlating the CBR value and the pavement thickness. The basis of the design chart is that a material with a given CBR required a certain thickness of pavement layer as a cover.



*) A higher load needs a thicker pavement layer to protect the subgrade.Design curves correlating the CBR value with total pavement  thickness cover were developed by the California state highway department for wheel loads of 3175kg and 5443 kg representing light and heavy traffic. The design curves are shown in this fig.




It is possible to extend the CBR design curves for various loading conditions,using the expression:
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Hence,


t= pavement thickness, cm


p=Wheel load, kg


CBR= California bearing ratio, percent


P=tyre pressure, kg/cm2

A= area of contact.cm2  
IRC Recommendations:

a) The CBR tests should be performed on remoulded soils in the laboratory. The specimens should be prepared by static compaction wherever possible and otherwise by dynamic compaction.

b) For the design of new roads, the sub grade soil sample should be compacted at OMC to proctor density whenever suitable compaction equipment.

c) The CBR test samples may be soaked in water for four days period before testing .the annual rainfall is less than 50 cm and the water table is too deep to affect the sub grade and imperable surfacing is provided to carrying out CBR test.

d) If the maximum variations in CBR value of the three specimens exceed the specified limits, the design CBR should be average of at least six samples.

e) The top 50 cm of sub grade should be compacted at least up to 95 to 100 percent of proctor density.

f) An estimate of the traffic should be carried by the road pavements at the end of expected in view the existing traffic and probable growth rate of traffic.

g) The traffic for the design is considered in units of heavy vehicles per day in both directions and is divided into seven categories A to G.The design thickness is considered applicable for single axle loads up to 8200 kg and tandom axle loads up to 14,500 kg.

h) When subbase course materials contain substantial proportion of aggregates of size above 20mm, the CBR value of these materials would not be valid for the design of subsequent layers above them.

The CBR method of pavement design gives the total thickness requirement of the pavement above a sub grade and thickness value would remain the same quality of materials used in component layers.

California resistance value method:



*) In this design method based on stabliometer R-value and cohesiometer C-value .Based on performance data it was established by pavement thickness varies directly with R value and algorithm of load repetitions. It varies inversely with fifth root of c value.The expression for pavement thickness is given by the empirical equation:
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[image: image9.wmf](

)

(

)

5

1

1

90

C

R

T

K

-

  

Hence,


T=total thickness of pavement, cm


K=Numerical constant 0.166


T1=traffic index


R= stabiliometer resistance value


C=Cohesiometer value

In the design of flexible pavements based on California resistance value method for the following data are needed:



*) R-value of soil subgrade



*) T1 value



*) Equivalent C-value

*)  R value of soil subgrade is obtained from the test using stabliometer.The computation of T1 value has been explained.

Equivalent C-value:



*) The cohesiometer value c is obtained for each layer of pavement material separately from tests. However the composite or equivalent C-value of the pavement may be estimated if the thickness of each component layer and the c-value of the material of the layer are known.



*) while designing a pavement as the thickness of the pavement is not known, it is easier if the pavement is first assumed to consist of any one material like gravel base course with known C-value.



*) Subsequently the individual thickness of each layer is converted in terms of gravel equivalent by using relationship:
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*) t1 and t2 are the thickness values of any two pavement layers.c1 and c2 are their corresponding cohesiometer values.

7) Briefly explain the type of stresses?



*) H.M.Westergaard is considered the pioneer in providing the rational treatment to the problem of rigid pavement analysis.

Wheel load stresses:



*) A.T.Goldbeck indicated that many concrete slabs failed at the corners. He derived a corner load formula due to point load at the corner of the slab.Goldbeck’s formula is given by:





Sc= 
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Sc= stress due to corner load


P=corner load assumed as a concreted point.


H= Thickness of slab.

Westergaards stress equation for wheel loads:



The cement concrete slab is assumed to be a homogenous, thin elastic plate with subgrade reaction being vertical and proportional to the deflection. He considered three typical regions of the cement concrete pavement slab for the analysis of stresses as the interior, edge and the corner regions. The critical stresses Si, Se, and Sc at the typical locations.i.e. Interior, edge and corner are given in this equation:

Interior loading



Si = 
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Edge Loading




Se = 
[image: image13.wmf]359

.

0

10

log

4

572

.

0

2

+

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

b

l

h

p

 

Corner loading



Sc = 
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Here,


Si, Se, Sc = Maximum stress at interior, edge and corner loading respectively, kg/cm2



h= Slab thickness, cm



p= wheel load, kg



a= radius of wheel load distribution, cm



l= radius of relative stiffness, cm



b= radius of resisting section, cm

Charts for stress computation:


*) if the slab thickness h is to found for the allowable values of maximum stresses Si,Se and Sc trials are required for assumed values of h.



In the general formula




S=P/h2 Q

Evaluation of wheel load stresses for design:


The Indian roads congress recommends the following two formulas for the analysis of load stresses at the edge and corner regions and for the design of rigid pavements.


*) Westergaards edge load stress formula, modified by teller and Sutherland for finding the load stress Sc in the critical edge region,



Sc = 0.529 
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*) Westergaards corner load stress analysis modified by Kelley for finding the load stress Sc at the critical corner region,



Sc = 
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Where,


Sc = load stress at the edge region, kg/cm2

Sc= load stress at the corner region, kg/cm2 


P= design wheel load, kg


h= thickness of CC pavement slab, cm



[image: image17.wmf]m

=poisons ratio of the CC slab


E = modulus of elasticity of the CC, kg/cm2
Temperature stresses:


*) It is developed in cement concrete pavement due to variation in slab temperature. The variation in temperature across the depth of the slab is caused by daily variation whereas an overall increase (or) decrease in slab temperature.


*) The maximum difference in temperature between the top and bottom of the pavement slab may occur at some period after the mid-noon. During summer season as the mean temperature of the slab increases the concrete pavement expands towards the expansion joints.

*) During the summer season as the mean temperature of the slab increases, the concrete pavement expands towards the expansion joints. Due to the frictional resistance at the interface, compressive stress is developed at the bottom of the slab as it tends to expand.


*) Temperature thus tends to produce two types of stresses in a concrete pavement. These are:



i) Warping stresses



ii) Frictional stresses

Warping stresses:


*) Whenever the top and bottom surface of a concrete pavement simultaneously posses different temperature, the slab tends to wrap downward or upward inducing warping stresses.


*) Now, introducing the effect of poison’s ratio the stresses at the interior region in longitudinal and transverse directions as given by Bradbury and expressed by the equations.



St (t) = 
[image: image18.wmf]ú

û

ù

ê

ë

é

-

+

2

1

2

m

m

y

x

C

C

Eet


Hence,



St (t) = Warping stress at interior


E      = Modulus of elasticity of concrete


E      = Thermal coefficient of concrete


T      = temperature between top & bottom of slab.


Cx   = Coefficient base on Lx/L in desired direction

    
μ      = Poisson’s ratio


Cy    =   Coefficient based on Ly/L in right angle.

Frictional stresses:


*) The temperature rise and fall in the cement concrete slab, there is an overall expansion and contraction of the slab.


*) Since the slab in contact with soil,subgrade or the subbase,slab movements due to the friction between  the bottom  layer  of the pavement and the soil layer.


*) Stresses in slabs resulting due to this phenomenon vary with slab length.Equating total force developed in the cross section of concrete pavement due to movement an frictional resistance in half the length of the slab.




Sf x h x B x 100 = B x 
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    Sf = 
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Here,

Sf=Unit stresses developed in cement pavement

W= unit weight of concrete.

f= Coefficient of subgrade restraint

L= Slab length

B= Slab width.

8) Calculate the stresses at interior, edge and corner regions of a cement concrete pavement using Westergaards stress equations. Use the following data.




           Wheel load, P   = 5100 Kg

Modulus of elasticity of cement concrete, E    = 3.0 x 105 kg/cm2



           Pavement thickness, h    = 18 cm



Poisson’s ratio of concrete,
[image: image21.wmf]m

  = 0.15

Modulus of subgrade reaction, K

  = 6.0 kg/cm3


 Radius of contact area, a                      = 15cm

Solution:



Radius of relative stiffness (l) is given by



l= 
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The equivalent of resisting section is given by:



a/h = 15/8=0.833 <1.74



  b  = 
[image: image23.wmf]h

h

a

675

.

0

6

.

1

2

2

-

+

 

  

       = 
[image: image24.wmf]cm

x

x

0

.

14

18

675

.

0

18

15

6

.

1

2

2

=

-

+

 

Stress at the interior,(Si​)



Si = 
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Stress at the edge,(Se)



Se = 
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Stress at the corner (Sc)



Sc = 
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