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UNIT IV
HIGHWAY MATERIALS AND CONSTRUCTION PRACTICE

Desirable properties and testing of highway materials-[tests have to be demonstrated in highway engineering laboratory].
Soil- California Bearing ratio test, Field density test Aggregate-crushing, Abrasion, Impact tests, water absorption, flakiness and elongation indices and stone polishing value test.

Bitumen –penetration, Ductility, Viscosity, Binder content and softening point tests

Construction practice-water Bound Macadam road, Bituminous Road and Cement concrete road [as per IRC and MORTH specifications] Highway Drainage [IRC Recommendations]

TWO MARKS QUESTIONS AND ANSWERS
1) Define the characteristic s of soil?



Soil consists mainly of mineral malter formed by the disintegration of rocks, by the action of water, frost, temperature, pressure or by plant or animal life. The characteristic of soil grains depend on size, shape, surface temperature, chemical composition and electrical surface changes.

2) What are the desirable properties allowed in highway materials?


The desirable properties in highway materials are:

i) Stability

ii) Incompressibility

iii) Permanency of strength

iv) Minimum changes in volume and stability

v) Good drainage

vi) Ease of Compaction

3) What are the Index properties available in soil?


The properties are:

i) Grain size analysis

ii) Consistency limits and indices

iii) Plastic limit

iv) Plasticity index

v) Shrinkage limit

vi) Field moisture equivalent

4) Define Textural classification?



The textural classification system is based on grain size distribution of the soil and is helpful in classifying a soil which contains different soil component such as sand silt and clay.

5) Define the Various soil classification systems in highway engineering?


The systems are:

i) Burmister descriptive classification

ii) Casagrande soil classification

iii) Unified soil classification

iv) U.S.Public  roads Administration

v) Highway research board

vi) Federal aviation agency

vii) Civil aeronautic administration

viii) Compaction classification

6)  What is mean by unified soil classification system?

    

The casagrande classification system which was developed in 1942 to classify soils was later revised, modified and adopted by both U.S.Crops of engineers and the U.S. Bureau unified soil classification systems.

7) What are the seven groups in soil?


Soils are divided into seven groups.A-1 to A-7.A-1, A-2, A-3 soils are granular soils. Percentage fines passing 0.074mm sieve being less than 35.A-4, A-5, A-6 and A-7.soils are fine grained or silt clay soils passing 0.074m sieve being greater than 35 percent.

8) What is the equation for group index of soil?


Group index is function of percentage material passing 200 mesh sieve (0.074mm) liquid limit and plasticity index of soil and is given by the equation.

G1 = 0.2 a + 0.005ac + 0.01 bd

9)What are the factors allowed in subgrade soil strength?

The factors are:

i) Soil type

ii) Moisture content

iii) Dry density

iv) Internal structural of the soil

v) Type and made of stress application

10)Define the three groups of evaluation of soil strength?

The three groups are:
a) Shear test

b) Bearing test

c) Penetration test

11) What is the use of plate bearing test?


The plate bearing test is used to evaluate the supporting power of subgrade for use in pavement design by using relatively large diameter plates. The plate bearing test was originally devised to find the modulus of subgrade reaction in the westergaards analysis for wheel load stress in cement concrete pavements.
12) How to calculate the CBR value in highway materials?

The CBR value is calculated using the relation:


[Load (or) pressure sustained by the specimen at 2.5 or 5.0 min penetration]

CBR = ---------------------------------------------------------------------------------------------
 Load (or) pressure sustained by standard aggregate at the corresponding level
13) Define the types of tests?

The tests are:

i. Crushing test

ii. Abrasion test

iii. Impact test

iv. Soundness

v. Shape

vi. Specific gravity and water absorption test

vii. Bitumen adhesion test.

14)What are the three types of abrasion test?


The abrasion test on aggregate may be carried out using anyone of the following three tests.

viii. Los angles abrasion test

ix. Deval abrasion test

x. Dorry abrasion test

15)What is mean by impact test?


A test designed to evaluate the toughness of stone or the resistance of the aggregates to fracture under repeated impacts is called impact test.

16) What is mean by penetration test?


It may be considered as small scale bearing tests in which the size of the loaded area is relatively much smaller and ratio of the penetration to size of loaded area is much greater than the ratios on bearing test. The California Bearing ratio test and cone penetration tests are commonly known as Penetration test.

17) What are the factors affect the strength test?



The factors are:

i) Factors which are primarily associated with the actual tests such as size and shape of the specimen, method of loading, rate of loading and drainage conditions.

ii) Factors which are associated with the soil such as soil type dry density, moisture content, permeability structure and other properties of the soil.

18) What are the types affect the strength test?



The types are:

i) Static immersion test

ii) Dynamic immersion test

iii) Chemical immersion test

iv) Immersion mechanical test

v) Immersion trafficking test

vi) Coating test

19) What are the problems occur in paving mixes?


The problems are:

i) mixing

ii) Attainment of desired stability of the mix

iii) To maintain the stability under adverse weather conditions

iv) To maintain sufficient flexibility and thus avoid cracking of bituminous surface.

v) To have sufficient adhesion with the aggregates in the mix in presence of water.

20) Describe the various types of tests in bituminous material?


The various tests on bituminous material:

a) Penetration test

b) Ductility test

c) Viscosity test

d) Float test

e) Specific gravity test

f) Softening point test

g) Flash and fire point test

h) Solubility test

i) Spot test

j) Loss on heating test

k) Water content test

16 Marks Questions and Answers
1) Explain briefly about desirable and index properties of soil?



Soil consists mainly of mineral matter formed by the disintegration of rocks, by the action of water, frost, temperature, pressure or by plant or animal life.

Desirable properties:


The desirable properties of soil as a highway material are:

i) Stability

ii) Incompressibility

iii) Permanency of strength

iv) Minimum changes in volume and stability under adverse conditions of weather and groundwater.

v) Good drainage

vi) Ease of compaction

Index properties of soil:


The wide range of soil types available as highway construction materials have made it obligatory on the part of the highway engineer to identify and classify the different soils. The soil properties on which their identification and classification are based are known as index properties.

Grain size analysis:



*) The grain size distribution is found by mechanical analysis. The components of soils which are coarse grained may be analyzed by sieve analysis and the soil fines by sedimentation analysis.



*) The grain size analysis or the mechanical; analysis is hence carried out to determine the percentage of individual grain size present in a soil sample. The sieve analysis is a simple test consisting of sieving a measured quantity of the material through successively smaller sieves. 



*) The sedimentation principle, that the larger grains in a suspension settle faster is used for finding the grain size distribution of fine soil fraction passing 75 micron sieve. Two methods of test can be used; Hydrometer method and pipette method is used base on sedimentation principle.

Consistency Limits and Indices:


*) The physical properties of fine grained soils, especially of clays differ very much at different water contents. a clay may be almost in a liquid state, it may show plastic behavior may be stiff depending on the moisture content.



*) A clay may be almost in a liquid state, or it may show plastic behavior or may be stiff depending on the moisture content. Plasticity is property of outstanding importance of clayey soils, which may be explained as ability to under go changes off shape without rupture.


*) Atterberg in 19911 proposed series of tests, mostly empirical; for the determination on of consistency and plastic properties of fine soils. These are known as atterberg limits and indices.
Liquid limit:



*) It may be defined as minimum water content at which the soil will flow under the application of very small shearing force. The liquid limit is usually determined the laboratory using a mechanical device.

Plastic limit:



*) It may be defined in general terms, as the minimum moisture content at which the soil remains in a plastic state. The lower limit is arbitrary defined and determined in ht laboratory by a prescribed test procedure.

Plasticity index:



*) It is defined as the numerical difference between the liquid limit and plastic limits. Plasticity index thus indicates the range of moisture content over which the soil is in plastic condition.
Shrinkage limit:



*) It is the minimum moisture content at which further reduction in water content does not cause reduction in volume. It is the lowest water content that can occur in clayey soil sample which is completely saturated.



*) Consistency limits and the plastic index vary for different soil types and therefore these properties are generally used in the identification and classification of soils. Generally soils having high values of liquid limit and plastic index are poor as engineering materials. Both liquid limit and plastic limit depend on the type and amount of clay in soils. The plasticity index generally depends only on that amount of clay present: giving an indication of clay content in soil. In soil having same values of liquid limit, but with different values of plasticity 
Index: 


*) It is generally found that rate of volume change and dry strength increases and permeality decreases with increases in plasticity index. In soils having same values of plasticity liquid limit, it is seen that compressibility and permeability increase and dry strength decreases with increases in liquid limit. Thus the values of liquid limit and plasticity index help in classification the cohesive soils.



*) In addition to the above tests certain other properties have also been time used in identifying and classifying soils. These include shrinkage limit, field moisture equivalent, cettifege moisture equivalent, and compaction characteristic of the soils.

Field moisture equivalent of a soil is the moisture content at which the demands for absorbed water are fully satisfied. 


*) The centrifuge moisture equivalent of a soil is the moisture content retained against a force 1000 times’ gravity for one hour. These tests are seldom carried out now-a-days. In most of the soil classification systems that are commonly in use, the classification are based on the grain size distribution, liquid limit and plasticity index of the soils. 

2) What are the various soil classification systems and explain the HRB classification system?
Soil classification system:


The various soil classification systems in use in the field of highway engineering are:

i) Burmister descriptive classification

ii) Casagrande soil classification

iii) Unified soil classification 

iv) U.S.Public roads Administration classification

v) Highway Research Board(HRB) 

vi) Federal Aviation  Agency
vii) Civil Aeronautic administration classification.

Highway research Board (HRB) classification of soils:

*) This is also called American Association of state highway officials (AASHO) classification of revised public roads administration (PRA) soil classification system.


*) The original classification system was developed by bureau of public roads in 1928.In fact by these modifications were made and the HRB classification system was developed. Thus enabling classification of soils by three simple laboratory tests namely, sieve analysis liquid limit and plastic limit.


*) Soils are divided into seven groups.A-1 to A-7.A-1 ,A-2 and A-3 soils are granularsoils,percentage fines passing 0.074 mm sieve being less than 35.A-4,A-5,A-6 and 

A-7 soils are fine grained or silt clay soils passing 0.074 mm sieve being grater than 35 percent.


*) A-1 percent are well graded mixture of stone fragments, gravel coarse sand, fine sand and non plastic or slightly plastic soil binder. The soils of this group are subdivided into two subgroups.


*) A-2 group of soils include a wide range of granular soils ranging from A-1 to A-3 groups consisting of granular soils up to 35 % fines ofA-4.A-5.A-6 or A-7 groups.


*) A-3 soils consist mainly, uniformly graded medium or fine sand similar to beach sand or desert blown sand. Stream deposited mixtures of poorly graded fine sand with some coarse sand and gravel are also included in this group.

*) A-4 soils are generally silty soils, on plastic or moderately plastic in nature with liquid limit and plasticity index values less than 40 and 10 respectively.


*) A-5 soils are also silty soils with plasticity index less than 10 % but with liquid limit values exceeding 40%.these include highly elastic or compressible,soils,usually of diatomaceous of micaceous character.


*) A-6  group of soils are plastic clays having high values of plasticity index exceeding 10% and low values of liquid limit below40 % they have high volume change properties with variation in moisture content.

*) A-7 soils are also clayey soils as A-6 soils but with high values of both liquid limit and plasticity index. These soils have low permeability and high volume change properties with moisture content.
Group index of soil:

*) Fine grained soils of each classification group exhibit a wide range of properties as sub grade material.


*) Soil are thus assigned arbitrary numerical numbers known as group index.(G1).Group index is a function of percentage material passing 200 mesh sieve, liquid limit and plasticity  index of the soil and is give by the equation:



G1 = 0.2 a + 0.005 a c + 0.01 bd

Here,


a= that portion of material passing 0074m sieve, greater than 35 and not exceeding 75 
      percent 


b= That portion of material passing 0074 mm sieve greater than 15 and not exceeding 
       35b percent 


c= That Value of liquid limit in excess of 40 and less than 60


d= That Value f plasticity index exceeding 10 and not more than 30.

3) Write short notes on:


a) Sub grade soil strength


b) Evaluation of soil strength

Sub grade soil strength:


The factors on which the strength characteristics of soil depend are:

i) Soil type

ii) Moisture content

iii) Dry density

iv) Internal structural of the soil

v) The type and mode of stress application

*) The problem of predicting the stress strain relationship of soil is difficult, because of the diversity in the soil types and the non-homogenous nature of the soil under the foundations.

*) The highway engineer is interested in the stability or the resistance to deformation of the soil under the stress applications.


*) In the soil mass the deformation is largely due to slippage between soil particles. Hence the shearing resistance in soil represents the strength. The sliding mechanism in soils is complicated as the shear deformation case reorientation of particles resulting in changes in volume, valence bond between particles, thickness and other properties of adsorbed layer of water.

*) Mohr’s theory is the most useful one for soils. The basis of his theory is that material fails when the shearing stress on the failure plane is definite function of the normal stress acting on that plane and that failure occurs by slippage only.

*) For these soils the shearing resistance on any plane is given by Coulomb’s empirical law:



Sr= C + 
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Here 

C= cohesion per unit area
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Evaluation of soil strength:


The tests used to evaluate the strength properties of soils may be broadly divided into three groups.
i) shear test

ii) Bearing test

iii) Penetration test

There are number of test methods in each group;
Shear test:


*) It is usually carried out on the relatively small soil samples in the langboratory, inorder to find the strength properties of a soil, number of representative samples from different locations arte testes.Some of the commonly known shear tests are direct shear test,triaxial compression test and unconfined compression test. Vance shear tests may be carried out either on a soil sample or in-situ soil in the field.

Bearing test:

It is loading tests are carried out on sub grade soils in situ with a load bearing area. The results of the bearing tests are influenced by the variations in the soil properties within the stresses soil mass underneath and hence the overall stability of the part of the soil mass stresses could be studied.

Penetration test:


It may be considered as small scale bearing tests in which the size of the loaded area is relatively much smaller and ratio of the penetration to size of loaded area is much greater than the ratios in bearing test. The penetration tests are carried out in the field or in the laboratory.

There are number of factors which affect the results of the strength tests as mentioned below:


*) Factors which are primarily associated width the actual tests such as size and shape of the specimen, method of loading, rate of loading and drainage conditions.


*) Factors which are associated with the soil such as soil type dry density, moisture content,permeablility structure and other properties of the soil.

4) Discuss the principles, applications and limitations of direct shear, triaxial and unconfined compression test?
Direct shear test:

*) This is one of the oldest of shear tests. The direct shear apparatus consists essentially of a box divided horizontally into two halves. One half is kept fixed and the other half is free to move horizontally.


*) The vertical and horizontal movements are measured by dial gauges and the horizontal force is noted from the proving ring dial. The maximum horizontal force is measured for different values of normal load.

*) There are a number of limitations if this test. The failure plane being predetermined horizontal plane, need not necessarily represent the imminent plan be of failure.


*) The area of cross section of specimen decreases with displacement. The flow of water to ore from the soil specimen can not be easily controlled or measured. It is also not practicable to measure pore water pressure during the test.

Triaxial compression test:


*) The object of triaxial compression test is to determine the shear strength of soil under lateral confinement.


*) Cylindrical specimen of height to diameter ratio 2 is inserted in a thin membaerne, placed in a triaxial cell and the required lateral pressure is applied.


*) The normal load is applied through vertical piston by means of a strain controlled machine and the maximum vertical load at failure is recorded. The specimens are usually subjected to a contrast strain rate of 1.25 mm per minute.


*) Usually the lateral pressure is maintained constant strain rate of 1.25mm per minute. The tests are carried out at different lateral pressures preferably with at least three lateral pressures.


*) For the pavement design, lateral pressure of 0, 0.75 and 1,5kg/cm2 are considerable desirable. The values are confining pressure and total vertical pressure at failure is plotted and semicircles passing through these points are drawn in this fig
Correction for area of cross section:


In is necessary to correct the stress value for the increased area of cross section due to loading. The corrected value of deviator stress is found of with the assumption that the volume of the specimen remains constant and the area of cross section of the specimen is uniformly increased from the original value of A0 and A1 due to load P1​.
Volume A​0 l0 = A​1l1 = A1 
[image: image4.wmf](

)

D

-

o

l


In that case the deviator stress 
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A0= Original area of cross section


P1 = applied load
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Unconfined compression test:

*) The unconfined compression test may be considered as a special case of triaxial compression test when the confining pressure is zero and the axial compressive straee only is applied to the cylindrical specimen.


*) The area of cross section of the specimen for various strains may be assuming that     the volume of the specimen remains constant and that the specimen retains cylindrical cross sectional areas as explained under triaxial test.


*) The Mohr circle of the rupture for an unconfined compression test passes through the origin. It s not possible to draw the Mohr rupture envelope from a single circle, and so the values of C and 
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 cannot be determined as such.
The failure plane of an unconfined compression or triaxial specimen ( when a defined failure plans exists) makes an angle 
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   with major principal plane the value of  C  also can be calculated from the geometrical relationship of the Mohr diagram.
5) Write short notes on 

 
I penetration test


2 ductility test


3 viscosity test 


4 softening point test


*) The penetration test determines the hardness or softness of bitumen by measuring the depth of a millimeter to which a standard loaded needle will penetrate vertically in five seconds. The sample is maintained at temperature of 250c. for one hour. The dial is set to zero or the initial reading is taken and the needle is released for 5 seconds. The final reading is taken on dial gauge on dial gauge.

*) After each test the needle is designed and wiped with benzene and dired.the depth of penetration is repeated in one tenth millimeter units. The value is influenced by any inaccuracy as regards pouring temperature size of needle, weight placed on the needle and the test temperature.


*) The bitumen grade is specified in terms of penetration value. The penetration test is applied almost exclusively to bitumen. As road tars are soft, the penetration test cannot be carried out on these materials.


*) The penetration values of various types of bitumen used in pavement construction in this country range between 20 and 2254,30/40 and 80/1000 grade bitumen are more commonly used, depending on construction type and climatic conditions.

Ductility test:


*) In the flexible pavement constructions where bitumen binders are used, it is important that the binders form ductile thin films around the aggregates.


*) This serves as a satisfactory binder in improving the physical interlocking of the aggregate bitumen mixes. Under traffic loads the bituminous pavement layer is subjected to repeated deformation and recoveries.

*) Ductility test is carried out on bitumen to test this property of the binder. The test is believed to measure the adhesive property of bitumen and its ability to stretch.


*) Bitumen paving engineer would however want that both test requirements are 

Satisfied in the field jobs.Penertration and ductility test cannot in nay case replace each other.


*) The ductility test is expressed as the distance in centimeters to which standard briquette bitumen can be stretched before the thread breaks. The test is conducted at 270c and at a rate of pull of 50 mm per minute.


*) The ductility machine functions as a constant temperature water bath with a pulling device at a pre calibered rate. The ductility values of bitumen vary from 5 to over 100 for different bitumen grades.

Viscosity test:


*) viscosity is defined as inverse of fluidity. Viscosity thus defines the fluid property of bituminous material. Viscosity is the general term for consistency and it is measure of resistance to flow. Many researchers believe that grading of bitumen should be by absolute viscosity units of the conventional penetration units.


*) The degree of fluidity of the binder at the application temperature greatly influences the strength characteristics of the resulting paving mixes.

*) The bituminous  binder simply lubricates the aggregate particles instead of providing a uniform film for binding action.similiarly high viscosity also resists the comp active effort and the resulting mix is heterogeneous in character exhibiting low stability values.

*) The viscosity of tar is determined as the time taken in seconds for 50 ml of the sample to flow through 10mm orifice of the standard tar viscometer at the specified temperature of 35,40,45 or 550c.

*) The viscosity of cutback  bitumen is determined as the time taken in seconds for 50 ml of the sample to flow through either 4.0mm orifice at 250c or 10mm orifice at 25 or 400c.

Softening point test:


*) The softening point is the temperature at which the substance attains a particular degree of softening under specified condition of test.


*) The softening point of bitumen is usually determined by ring and Ball test.


*) Generally higher softening point indicates lower temperature susceptibility and is  preferred in warm climates .A brass ring containing test sample of bitumen is suspended in liquid like water or glycerin at a given temperature.

*) A steel ball is placed upon the bitumen sample and the liquid, edium is then heated at a rate of 50c per minute. The temperature at which the softened bitumen touches the metal placed at a specified distance below the ring is recorded a point of bitumen.
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