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SYNOPSIS

In Bangladesh roads are usually constructed of
flexible pavement in which base and subbase courses serve
as key elements in distributing the superimposed loads to
the subgrade soil without overstressing. Because of the
dearth of stone aggregates in Bangladesh brick aggregates
are commonly used in base and gsubbase courses. Since‘moat
researches on pavement design and enalysis have been carried
out in western countries with stone aggregates, they can
not be applied di ractly to conditions where brick aggraegatss
are uged, In this thesis work attempt is made to investi-
gate and recommend the guitable brick aggregates for base

and subbase congtructions,

The search for appropriate materials gives gas burnt
picked jhema bricks as most suitable type of bricks for
base and subbase construction, The wearability and absorp-
tion of these bricks are minimum, The CBR value obtained
with gas burnt brick eggregates-sand-soil mixtures is as
high as ninety seven percent which is much abova that

fequired for base coursss of high type pavements,

The well graded aggregates and sand-goil mixtures
when compacted give maximum CBR values, An optimum semount
of fines to be used in the mixtures was obteined st which
maximum CBR value is attained, The CBR value with brick
aggregate-sand-soil mixture is seen to be more susceptible
ta compaction than the typicsl stone aggregates-ssnd-sgoil
mixtures, For the construction of base and subbese courses
in flexible pavements, crushed gas burnt picked jhama brick

aggregate-sand-soil mixtures are suggestead,
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CHAPTER-1
INTRODUCTION

1,1 Genersl

In Bangladesh construction of flexible road pavements.

is being preferred because of their low initial cost and
adaptibility for stage construction, Flexible pavement may
be defined as a structure that maintains intimate contact
with and distributes loads to the subgrade and depends on
aggregate interlock, particle friction and cohesion‘for
stability%%Classical flexible havemants include primarily
those pavements that are composed of @ series of granular
layers topped by a relatively thin high quality bituminous

wearing surface, Fig, 1,1 shows a typical flexibla pavemént

intermediate — Surface or wearing course
course
-| Surface course Shoulder treatment
[+F)
CEx
=T T S
iﬂﬁ @
CO—'
Sc
.E% 7
B2l | asubbase Subgrade
2oy
7
Road bed-
Subgrade Natural soil or
compacted fili
material
. ' . : : . (1)
Fig., 1.1 Typz;al flexible pavement cross~section .
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cross-section, The principel elements of the infrastructure
here are shown to be the pavement that is composed of a

'wgaring surface’; 'base’'s subbase and ' subgrade'.

The wearing surface aﬁd the base often comprise two
or more layers that are somewhat different in composition
opérations_ On heavy duty flexible'pavements a';ubbasa of
select material is generally placed between the base and
subgrade, Sométimea the material under & rigid pavement

ig called a subbase,

1.2 Role of Base and Subbese in Pavement Structura

The function of the base course varies according to
the type of the pavement, Base courses are used under rigid
pavements for (l’ prevsntion of pumping, (2) protection
againet'frost action, (3) dreinage, (4) prevention of volume
change of the subgrade, {(5) increased structural capacity,

and (c) expedition of construction,

The top layer of a flexible pavement is constructed
by 8 relatively thin high quality bituminous wearing sur face,
The masin thickness is built by the base and subbase courses,
Let W be the the load on the surfece of the pavement having
a total thickness of 'd' incnes (fig, 1.28), Besed upon
spproximations of stress distribution coﬁcepts in homoéenaoua.
one layer (Boussinésq) system, the load is sssumed to be

distributed through the pavement to the subgrade in the form
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of a cone, The surface of the cone is at sn angle B8 with

the vertical axis of the cone (the axis being assumed to
be et rignht angles fu the surface of tha pavement), and
the unit pressure of 'q' pounds per square inch on the
subgrade is assumed to be uniform, The radius of the bass
of the cone at the subgrade is d tan 8. and thé relation

of the thickness of the pavement to the load and the unit

W

-Bottom of
pavement

Fig, 1,2 Distribution of wheel loads through flexible
pavements to the subgrade.

subgrade pressure is

W
q= —7 I S 1.1
xd” tan B

Equation 1.1 assumes that a wheel load is concsntrated
at a point, whereas it is actually distributed over an area
of contact betwaen tha tire and the pavement as shown in

Fig, 1,2(b), If this area of contact is circular in shaps

2
W o= qu(d+a) tanZB and hence the unit subgrade



pressure is q = W/n(d+a)? tanza; gince a is small in
comparison to d, From the above equations it is seen that
the subgrade stress due to imposed load is inversely propor-
tional to the sduare of the depth of the base and subbase
course (355uming that the thickness of wearing course ie

small in comparison of the combinad base and subbase courses}),

Analyzing the pavement section as a multilayered
elastic system Paattie(Z) found the verticai stress solutions
and presented in graphical forms, The stresses at points
vartically below the road surface are dependent on factors
influenced by both the thicknesses and the elasticities

of the upper layers,
(3)

Neilson illustrated the influence of changing ths
pavement layer thicknesses upon the vertical compressive
stress factor for a three-layered pavement system, He showed

that for a given load, the subgrade stress is greatly dec-

reased by an increase of the bage course thickness,

Hence the principal purpose of base course in a
flexible pavement is to distribute or 'epread' the stfesaes
created by wheel loads acting on the wearing surface so that
the stresses transmitted to the subgfada will not be suffi-
ciently great to result in excessive deformation or displace-
ment of that foundation layer., The base course also may
provide drainage (if so designed) and give added protection

against frost action when necessary,

......

TR



1.3 'Factors Influencing the Base and Subbase Characteristics

' Modern ﬁavement design procedures are based on multi-

layered elaetic theory concept, In all rational pavement

design procedures, it ias emphasgsized that the stresa at any

point below the pavement due to a l?ad or lcads on the
surface is a function of many factors of which the quelity
.0f the materisl is the constant influencing factor, The
strains aﬁd stresses are functions of Poisen's ratio and
modulus of elasticity which depend on the material type and
quélity. The quality reflects the properties like strength,
toughness, soundness, durability, Other important fectors
which influence the base and subbase courses are the parti-
cle size distribution, ﬁarticle ghape, relative density,
internal friction, cohesion, type of bindar, void ratio,
and porosity. The above factors influence the following
general characteristics of the mixture used in base and

(3

subbase construction:

1) Density and stability,

2) Effect of crushed particles,
3) Effect of plasticity,

4) Effect of skip greding,

5) Soundness, and

- 6) Permeability,




1,3.)1 Density and stability

The stability of any layer is its most important
reguirement for design. Stabiiity of an aggregats-soil
mixture depends upon particle-size distribution, particle
shape, relative density, internal friction and.cohesion_

A granular material designed for maximum stability should

posses high internal friction to resist deformation under

load, Internal friction and subsequent shearing resistance
depend te a large extent upon density, particle shape, and
grain size distribution, Of these factors, the size distri-
bution of the aggregates, particularly the proportion of
fine to the coarse fraction, is congsidered to be the most
important. For maximum stability the mixture should have
fines just sufficient tﬁ fill all the voidg between aggre-
gates to float in the soil. The density will decrease and
the mixture is practically impervious and frost susceptible,
Thus the stability of an aggregete soil mixture is dependent
upon the grain size distribution oflthe particles,

The grain size distribution of a material can be
represented by the eguation p = 100 ( %—)nﬁ where d repre-
gents the sieve in questioh, p is the percent by weight
finer than the sieve, sand D is the maximum size of the
sggregate, Maximum density generally occurs where the expo-

nent n eguals to 0,5, This yields 6.2 percent passing No,200

Equatidn 11.1 given in 'Principles of pavement design'
by Yoder and Witczak,



mesh sieve for a material which has a maximum grain size
of % incﬁ, Comparing density and strength in terms of CBR
it is seen that maximum CBR resulted when the quantity of
fines was somewnat less than that indicated for maximum
dengity. Uensity as well as stability increases as the

size of the aggragate increases, .

1,3,2 gEffect of crushed particles

For identical grain size distribution, the California

_Dearing Ratios of mixtures mada up of angular particles are
usually somewhat grester than those cantaihing mostly rounded
particles. The crughed particles have, in general, moere
stability than round grained materials, due primarily to
added grain interlock, In addition, for a particular grada-
tion the cruahed ﬁafariala alsa possess high co-efficients
of permpability and, hance are more easily drained, Crushea
meterials show excellent,pefformance in most_inatancss and

are normally preferred.

1,3,3 Effect of plasticity

The physical properties of the binder seil heve 8
great effect on stability, egpecially when grain to grain
coqtact is destroyed, Fig, 1,3 shows the effect of plasticity
of the binder on the triaxial strength of a gravel wifh

vaerying emounts of materisl passing No, 30 mesh sieve,

R b ——




1t is seen that when the percent passing No, 30 mesh
sieve is low, plasticity bhas vary little effect on the
strength, and that as the amount of materiel passiﬁg No, 30
sieve is increased plasticity has an increasing effect,

1.3.4 Effect of skip grading

-

It must be récognized that if the material is not
'well graded’ the plasticity requirements, as well as the
requirements relating to the amount of fine material, do
not necessarily apply as they do for well graded ﬁaterials.
The net effect of haviné a skip-graded materisl is that
there is a deficiency in intermediate size and, as a result,

the void space is increased,

The effect of skip grading on the triaxial strength
of @ mixture has a complex reiationship and depends upon
the amount of material passing No, 200 sieve, as well as
on the dust ratio, The dust ratio is the ratio of tha
portion passing No, 30 mash sieve to the portion passing
a No, 200 mesh sieve., For low amounts of material passing
No, 200 sieve the dust ratio has little effect and it can
be concluded that skip grading would have no harm upon tha
mix, On the other hand, for higher amounts of material
passing No, 200 sieve, an increase in the dust ratio causes
a decrease in the strength upon a certain limit of dust

ratio and then the strength increases beyond this limit,



120

100

o
o

gth @ 15 psi lateral

o
o

40

Triaxial stren
pressure {(psi)

20 l | I S |
0 ‘5 10 15 20 25 30
Percent passing a No., 30 sieve

Fig. 1.3 Effect of plasticity on triaxial strength of a.
gravel, Maximum aggregate size is 1 inch X

Furthermore plasticity becomes less important when gkip

grading is used,

1,3,5 Effect of soundness

Soundness as regards base and subbase materials, ig
defined as the ability of the aggregate‘to withstana abra-
sion and/or crushing. This is important from the standpoint
of generation of fines under the actian of rollers and
traffic, Durébility of the course depends mainly on the
soundness of the aggregatas, Unsound aggregates disinteg-

rate badly Underltha action of weather,

% Fig, 11,5 given in "Principles of pavement design'
by Yoder and Witczak,

Ly
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1,4 The Problem

in convantionallroad pavements the aggregates used

for surface, base and subbase courses consist of crushed . |
stone, grevel and crusned élag. These dense, low absorptive‘
natural aggregates having high crusniﬁg strength are not
availsble in Bangladesh except in ;maxl quantities in
Northern Syihet and Dinajpur areas, It is extremely expen-
sive to carry the stone aggregatas from their sources to
the job site if the hauiage length is too high, Agein with
the increased and coqtinued consumption those naturally
occuring aggregate sources B8re being depleted, On the othar
hand bricks are available readily or can be manufactured
in'kilns near the job sites, Crushed brick aggregates are
being used and are in use for a long time in the construc-
gion of base and subbase courses of pavements, But no
research has yet been carried out to investigate their
guitability and no report is available about the perfor-
mances of brick aggragates in such constructions, Thgrefore

search has to be intensified to investigate the suitability

of brick aggregates in the base and subbase courses,

1.5 Objectives of the Research

The strength and behaviour of aggregates depend upon
a number of variables, sucn as gradation, porosgity, absorp-

tion, wearability etc, Review of literatures shows a

DL 1n e o e PR
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deficieéncy of knowledgs in regard to- the properties of
brick aggregates and aggregate sand mixtures. The objec-

tiveg of the research therefore are as follows:

(i) to determine the physical properties of brick
aggregates to be used in base and subbase
canstruction and to'compare these properties

with stone aggregates;

(ii) to find the effect of gradation, moisture
content, percent fines on CBR values for

crushed brick-~sand-soil mixtures;

(iii) to find the effect of compactive efforts
applied durihg compaction on the CBR values of

different aggregate sand-soil mixtures,
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CHAPTER-2

LITERATURE REVIEW

2.1 Genegral

Literstures are not available dirsctly on the use of
brick sggregstes in base and subbase construction, Stone
aggregates and stone-sand or stonetspil mixtures have been
used for fHe constructibn of base, subbase courses for high
typs pavements and top courses for low type pavements,
Leteratures, specifications, recomméndations are available
regarding the characteristics of naturai aggregates and
soil-asggregate mixtures in base snd subbase courses, Some-
timeslthe aggregates are stabilized by éome admixtures to
have a firm base or subbase to provide the support for a
relatively thin wearing surface, Literatures are also avail-
able for such type of construction, The present research
work has beéen taken to determine the cnaracteristics of
untreated brick aggraéatavsoil mixture in base and subbase
bonstructions. Limited litarature available for unstebilized
stone aggregate and/or gravel - soil mixtures are discussed

in the following afticles.

2,2 Laboratory Studies

Losd supporting capacity indicated by the stability
and density of the aggregate soil mixture is the principal
requirement of a base or subbase coursa, Different organisa-

tions carried investigations to find a suitable gradation
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to have dense and stable mixtures, These work in the form

of recommandations are discussed in Article 2.5,

The proportion of the fines {(material passing No, 200
sieve) to coarse fraction is also an importaqy factor to
have & dense and stable mixture, D;klotz's(d) works discussed
by Yoder (19753) on “Effect of varying the quant;ty of finas
of highway aggregates on their stability" reveals that
thare is an optimum amount of fines for a particular aggre-
gate-soil mixture at which the mixture will have its maximum
density and stability for a particular coempactive effort.
‘According to Mr, Yoder results of laboratory studies on a
well gradeﬂ stone aggregate show that the maximum density
occurs when the mikes-contain about 8 to 10 percent finea
passing a‘No,ZOD sieve, In contract, the maximum stability
as measured by the CBR teét resulted when about 6 to 8

pefcant of the material passed a No, 200 mesh sieve,

Yoder(s)(IQTS) also has shown the affect of compactive
effoft on density and stability of a stone aggregate mixture
for a particular gradation., He concluded that the more the
compactive effort, the more will be the density and stability,
But the response for the increase is more pronounced in_the

case of stebility rather then density.

Laboratory studies also were carried on tb compare
the density and stebility values between round shaped

naturally occuring gravel mixtures and crushed stons mixtures,

q
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These tests and field experiences have shown that crushed
particles have in general, more stability'than rouﬁd—
grained material due primérily to added grain interlock,
Tests to find the effect of the physical praoperties
of binder soil on the stability of the mixture were done

(6)

by Makdisi-llyas, Faiz They found that the effect of

plasticity 1is detrimental to thes strength with higher amount
- . o> ,
of material passing No, 200 mesh-sieve_ This happens due

to the reason that plasticity is dependent upon the amount

of material passing No, 10 sieve is increased, The reguired
amount of material pas%ing No, 30 sieve for maximum density

is 15,30 percent and when the binder content exceeds this

value, the plasticity becomes important,

Faiz, A(T) worked with the skip gradedrmixtures, It J}
must be recognized that if the material is not 'well gradéd'
the plasticity requirements as Qell as reguirements relating
to the amount of the fine matertal, do ﬁot necessarily apply
as they do for well graded materi;ls, The net effect of
haQing a skip graded material is that there is a deficiency
in intermediate sizes and, as a result the void space 1s
increased, Results from laboratory studies show that skip &Eﬁi
grading gives a complex relationship with triaxial strength,

which depends on both dust ratio and percent material passing

No, 200 sieve, It is also seen that for high values of dust
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ratio and plasticity, the skip grading becomes benaficial

to some extent,

)

Mainfort end Lawtoﬁ (1952)(8 carried investigations

an the labo;atory compaction tests of coarse graded paving TG
materials, They reported the result of a laborétory study

for the applicability of the Procto} type of compaction of
coarse greded materials, The tests iﬁdicated that the

standard Proctor method us}ng a standard 4 inch mold is

suitable for determining the méximum density and optimum
moisture content of coarse matarials and mixtures. From

their field observations it was found that the densities
obtained in the lasboratory by the Proctor type of compac-

tion test appear to agraé with densities obtainable with

aither vibratory or roller types of field equipment,

2.3 fField Studies

Since the end of the second world war there has been
a vast increese in highway traffic and many test roads were
constructed to observe the perfommances qf the rugds and i
to develop design methods, In 1949 arrasearcn project was -
set up by Highway Research Board in Maryland, USA, to
determine the relative effects of various axle loads and
configurations on distress of pavements, This tast was
intended for observation of the behaviour of concrafe
pavement constructed on a imporved granular subbase material

and no findings regarding basse course was obtained,

T
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The WASHO road test was done prior to AASHTOU road
test near Malad, Idaho, USA, fFor flexible pavement the
test recommends a total thickness of pavement and base for

different axle loads,

The most intensive and extenéive'research,mn road
was a co-operative project sponsnr;d by AASHO at Ottowa,
Illinois, USA, In the principal flexibls pavement test
sections the base course was constructed by a well-graded
crushed lime stone and the subbase by e uniformly graded
sand-gravel mixture, Other test sections ware constructed
with bases by a well graded uncrushed gravel, a bituminous
plant mixture, and a cement treated aggregate, On the basis
of the performance records of the various test sactionsg e
new concept to evaluate the pavement infrastructura was
introduced which is P51 - Pavement Service-sbility Index,
The important conclusion made by them about bases is -
"the performance of the treated gravel base is definitely

superior to that of the untreated crushed stone base",

‘The first of the British full scale field experiment
began in 1949 an a section of the Al trunk road in Yorkshire
U.K, They used three types of base material - tar macadam g
basg; dry bound stone bass; hand pitched base, from obser-
vations over a psriod of ten years they found ttet the
open textured tar macadam basas.performad much better than o

either the dry bound stone bases or the hand pitched bases,.
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In addition the hand-pitched base showed increased surface
deformetion and found worse than dry bound stone base and

is no longer recommended,

A further experiment, also on the Al road at Alconbarg
Hill in Huntingdonshire, U.K was initieted in 1957 to
compare the performanéas of five different basé materials
laid to various thitcknesses, The base materials were cement
stabilized sand, wet mix sleg, lean concrete, tar macadam,
and ‘hot rolled agphalt, Experimental sections,'eéch 2000 ft
long, were constructea on a sand subbase of varying thick-
nesses, Results after six years show that‘the sactions with
rolled asphalt bases have performed @he best thlat those
uifh sand-cemant base are clearly the worst, All these
field tests for base courses were comparative studies
between different types of bases, tfeated or untreated but
no test was donme with one specific bese by varying ita

components, materials etc, ’

{9)

Field experiments were done by Mr, Drake of

Kentucky Department of Highways on the performances of

flexible base courses designed priﬁa;ily to improve the
T

riding qualities of high type bituminous pavements, Four

1
T

inch dense graded lime stone base was constructed di;h 1
inch downgraded; 5 teo 1% percent passing No, 200 sieve,
wall graded material over a 4 inch of watserbound macadam

subbase course, Observations and measurements showed that

R H

-

Y
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the combination of the two courses could be built satis-
factorily, the dense gradsd aggregate producéd a high baass
density and the pogsibilities for finishing to uniform
séction were much better with the dense graded aggregate

than with the macadam,

(10)

Cadergren , made field CBR tests on éranular
subbase and baseés, He criticised the general idea that the
CBR values on large macadam type construction Qill be higher,
than with smaller aggragate;. In testing coarse grainad

materisls he found almost invariably that CBR values are

not toe high but too low,

2,4 Method of Evaluation of Base and Subbase Courses

The base and subbase courses are evqluatad in tha
field end/or in the laborétory by the foellowing methods,

(i) Plate Bearing Tast - F™
(ii) Triaxiel Comprassion Test - L®#

{iii) Stabilometer Test - L

(iv) California Bearing Ratio Test (F and L)

(i) Plate Bearing Test

The Plete Bearing test daveloped by Mr, N W, McLeod

of Canada Transportation Department expanded the results

# E indicates fiseld test,

# L indicates laboratory test.:
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of his extensive field study relating to it to pavement
aesign methods based on the theory of elasticity, The £e9£
can be used to measure the strength at any elevation in an
asphalt pavement structure: surface of the subgrades, top
of suﬁbase, top of the base course, or surface of the

-

finishad pavement,

Deflection of circular rigid plates are measured by
deflectien dials under vertical loads spplied at some
standard rate, The modulus of the lasyer am which the plates

are placed is calcuiatad by means of the followihg equations,

s

where P is the unit load on the plate (psi) and A is the
deflection of the plate {(inches), Tests are generally made
diréctly on the unconfined base course and the field value
is adjusted to the most ﬁnfavuurable bese condition that
can be expected. This can be'accumpliShed by the additional

data obteined by loading the samples in confined conditions,

{(ii) Triexisel Compression Test

The triaxial comprassion test was developed to deter-
mine thé sHear stress of a soil sample under lsteral pressure,
The test.is suitable for only fine grained soil or aaﬁd
where specimens are loadad vertically under constant lateral

pressure to have a shear failure, The stability of the soil
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is determined by the equation,

S =C + G tan @

where S = shearing resistance developed
C = cohesion
5 = vertical stress applied
g = angle of internal frictioé,

yalues of cohesion and internal friction can be determined

from the plots of the test results,

Based on the principles df triaxial test, McDowel
developed Texas triaxial cell to evaluate base course
materials, The apparatus is suitable for performing a large
number of tests economically, Shear stress is measufed et
different normal stresses and the reéults are plotted to

‘classify different types of materisls,

(iii).Stabilomafer Test .

California Division of Highways developed a semitheo-
ritical method of flexible pavement design bagsed on two
properties of materialsrcohesion and friction, These proper-
ties of treated or untreated base, subbase or subgrade
meterials are determined by tests in the Hveem stabilometer
devaloped by F,N Hveem and R.,M, Coumany of California
Division of Highways (CDH) which measures the horizontal

pressure developed in a short cylindrical sample loaded
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vertically on its ends, This device was concieved to
measure the stability of both field and laboratory samples
of bituminoﬁs pavement and treated bese courses, Loads are
‘applied vertically{lthe resulting horizontally developed
stresses are measured, and the verticai and herimntaily
developed stresses are measured, The vertical and Eorizon-
~tal pressures are utilized in the foellowing eguatien for

calculating stebilometer resistance values,

R = 100 - 100
(2.5/0,) (P, /P, - 1) + 1

where H = resistance velius
P = applied verticai pressure {160 psi)
Pp= transmitted horizental pressure at P; = 160 psi
D2= displacement of stabilometer fluid necessary to
increase horizontal pressure from 5 to 100 psi,
measured in revolutions of & celibrated pump

+

handle,

Cohesion is measured by means of the cohesiomseter,
an appsrstus capable of breaking small beams of base course
i

materials, The base course materials are then ranked on the

basis of stabilometer resistance values and coheacmeter values,
(iv) California Bearing Ratio Test

The Celifornia Bearing Ratio test abbreviated as CBR

is the most widely used method of evaiuation of subgrads,

Be sl
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subbase and base course materials, The method was first
developed by California Division of Highways and then
adopted and modified by U,5 Corps of Engineers, in 1961,
fhe American Association of 5tate Highway Officials, AASHO
accepted this test in 1963 with Designation T 193-63 for
determining the bearing values of subgrade soilg and some
sub—bage and base course materials centaining only a small

amount of material retained on the 1" sieve,

CBR test is a penetratlun test wherein, a standardized
plstun, having an end area of 3 sq. in, is caused to pene-
.trate the sample at a standard rate of 0.05 inch per minuta,
The unit lead required to penetrate the semple at 0,1 inch
penetration is then compared with a value of 1000 1b per sq,
inch required to effect the same penetration in sfandard
crushed rock, The test is to be carried on saﬁpla of subbase
or base material compacted to the moisture and density
condition which site investigation and considerations of
the construction methods and plant to be used, indicate to
be appropriate. for design purpose the CBR value of the

base or subbase course at worst condition is required which

can be obtained by testing the sample, after baing saturated,

Dua to swelling of the specimen, the top sur face may be
loose to some extent., Therefore the stress-atrain curve
(Fig. 4,11 ) obtained from the penetration test some times

will be concave upward which requires correction by meving

TR —— T L
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it to the right, By CBR value it means corrected value

when this correction has been applied to the curve,

Laboratory CBR values obtained on sampless compacted
in confining steel molds are obviously to be checked in
the fiéld after construction, This can be done by comparing
‘the densities in the laboratory and in the field or directly
penetratlng the coursa in the field, Field CBR test is
baesically the same as the laboratory test but a correlation
is to be established to correct the field vaiues for satu-~
ration, The leboratary CBR ualuesrare axpected to bé slightly
highar than those obtained in the field because of ﬁhe
confining action of the mold in the laboratory, Precautions
must be taken during field tests to ensure intimate contact

of the piston with an undisturbed surface of the material

tested,

2.5 Practices and Recommendations for Base and Subbasse Courses

For a high type pavement generally both base, between
surface course and subbase, and subbase, between base and
suEgrade are constrﬁcted, Far low and intermediete type of
pavement subbase course may be oﬁitted, In some cases the
bages for a low type pavement can be used as subbase for a
high type pavemant, Whether it is base or subbase the
objective of the present research is about the behaviour

of the materials used in such construction, Mainly there

-y
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are 3 types of constructions for base and subbasse courses -

on the basis of materials used, Thase are:

1. Soil-aggregate and gravel basss
2. Macadam bases

3, Treated bases,

In some types of macadam bases and in treated bases a
binder material is used fo create bond between grains, This
treatment is usualily costly and suggested for high type
pavements and where other type of construction is not
economical, Soil-aggregate and grsvel bases often termed
as untreated bases are constructed without admixture, The
stability, and density are developed in the course by
using proper gradation, appropriate amount of fina material -
silt and ciay, moisture content and of couraa\by proper
compaction, When aggregates are available near road side,
soil from the road bed can be mixed with them and compacted,

In most cases, this type of construction is economical,

The research work has been concerned with the avaluation

" of this type of mixtures, Almost in all developing countries

and also in some developed countries this type of construc-
tion is in use for rural roads, In the following articles
the recommendations and practices regarding this untreated

base course constructions are briefly discussed,
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2.5.1 Practices in USA and AASHIO Recommendations

In some stateslof USA low type roads are constructed
with soil aggregate mixtures as the surface course, In
intermediate type of roads and in some high type rural
roads untreated soil aggregate mixtures are used for base
and subbase constructions, The American ASSOCiaﬁion of
State Highway and Iransportation Officials has first come
to specify materials for this type of constructions, The
materialé for aggregate and soil aggregate subbase, base

(11)

and surface courses are specified by AASHTO under
designation M 147-57(67) (T1). AASHTO specified 'Materials
for Aggregate and Soil-Aggregate subbasa, base, and surface

courses', The reguirements are 2s follows:

General Reguirement

(a) Coarse aggregate retained on No.l0 sieve shall
congist of hard, durable particlks or fragments of stena,

gravel or slag,

(b) Coarse aggregate shall have a percentage of wear

by Los Angeles test, of not.more than 50,

(¢} Fine aggregate passing No,10 sieve shall consist
of natural or crushed'sand, and fine mineral perticles

passing No,200 sieve,

{d) The fraction passing No, 200 sieve ghall not be

greater than two thirds of the fraction passing No, 40 sieve,
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The fraction passing No, 40 sieve shaitl have 8 liquid limit
not greater than 25 and a plasticity index not greater

then 6,

(e) All material shall be free from vegatable matter

and lumps-or balls of clay.

Subbage Material

Materials for subbase shall conform to the general

requirements for gradings A,B,C,D,E or F (Table 2,1),

5

Basa Course Material

Materials for bass course shall conform to the

general requirements for grading A,B,C,D,E or F,

The United States Agency for Intsrnationsl Development
in the Guidelines for Highways and Bridges specified Grading

B (Table 2,1) for cless~1l aggregate base course, The require-

ments are same as specified-by AASHTO M 147,

2.5.2 California Divigion of Highways Recommandationg

Since its astablisnhment the California Division of
Highways (CDH) has been making vital contribution to the
davelopment of pavemant technology, Enginsers, researchers
of this division from time to time brought new techniqués

for the construction of road pavements, In the 'standard
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Table 2.1 Grading Requirement for Soil Aggregaté Materials
for Subbase and Base Constructiaons (From AASHTO)

Sieve Fercentage by wt, passing square mesh sieve

de:%g; Grading Grading Grading Grading Grading Grading:

natia A B € D ___E _F

2 inech 100 100 - - - -

1l inch - 75-95 1400 100 100 100

4 inch 30-65 40-75 50-85 60-100 - -

No. 4 25-55  30-60  35-65  50-85 55-100  70-100

No, 10 15-40 20-45 25-50 40-T0 40-100 55-100

No, 200 2-8 - 5-20 5-15 5-20 6-20  B-25
C s . (13) . C

specification' of this division, aggregate subbase and

base courses are specified under section 25 and 26 respectively,

CDH classified both subbase and base courses inte three
classes viz class-l, class-Z2 and clags-3, Rgguirements for

ciass-l aggregate base are as follows:

(a) The aggregates shall consist of a crushed product
of stone or gravel, It shall Ee free from végetable matter
and other deleterious substences, .and shail be of such nature
that it can be compacted readily under watefing and rolling

to form a firm, stable base,

{(b) The amount of crushing shall be regulated so that
at least 80 percent by weight of 14 inch maximum size material
retained on the No, 4 sieve and 90 percent by weight of the

4+ inch maximum size material retained on No, 4 sieve,
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. conforming to the requirements given in Road Note No,29

28

(c) The: percentage composition by weight of aggregate

bese shall conform to onea of the grading given in Table 2,2,

Table 2.2 Percentage Composition by weight for Aggfegata

Base (From CUH)

Siave - Percentade paasing

size ' : ,
14" maximum size " maximum size

29 100 . -

1+ 90-100 100

1" | 50-85 , 90-100

No, 4 30-45 35-55

No, 30 10-25 10-30

No, 200 2-9 2-9

{(d) The aggregate base ghall conform to thse following

requirements:

Tests Requirements
Loss in Wetshot Rattler 55% max,
Logs in Loss-Angeles Rattler 50% max,
Resistance (R-valuse) | 80 min,
Sand eqﬁivalent . 50 min,

2.5.3 UK, Practice and Transport and Road Ressearch
Laboratory, UK, Recommendations

The road subbase and base courses are constructed

(14)

Ly
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of Transpart and Road Research Laboratory, U.K and Ministry

(15

of Transport specification ) guggests a granular subbase
material to conforq to the gradings specified in Table-2;3,
Type~l éggregates compfise crushed rock, crushed concreta,
crushed slag or well burnt nonplastic shale, These materials
will remain stable over a much wider ‘range of moi;ture
contents than type.Z aggregates whicn include well graded

natural sands, gravaels, and rock or slag fines, and are

therefore to be preferred in Bangladesh, where sita conditions

are likely to be wet during construction, The Road Note No,29

requires a minimum CBR of 30 percent on aggregate subbase,

Table 2.3 Grading'Requirements for Granular Subbase
~ Materials (From Road Note No, 29)

B.S. )

: Percent by wt, passing

sl1eve T -1 Aqgregate Typae-2 Aggregate
size ype ggreg yp ggreg

3 inch 100 . 100

1+ inch 85-100 85-100

3/8 inch - - 25-85

3/16 inch 25-45 25-85

No. 25 © g-22 B-45

No., 200 - 0-2 . 0-10

For base course the minimum CHR requirement is B0

percent and suitable materials for base include crushed stone

or blast furnance slag, dry lean.concrete, cement bound

grasnular material and bituminous bound materiels,

ll'-m-'-ﬂ



- 30

The Transport and Road Research Laberatory, U.K prepared

Road Note No, 1(16)

in 1962, edited third time in 1977 to
give a guide line for the structural design of bitumen-
surfacad rcads in tropical and sﬁbtropical countries, The
technigues given in this report are suitable for and followed

by many developing countries. They recommended in the note

the two types of untreatad base materials sucn as

i) mechanically-stable natural gravel or crushed

gravel and
ii) crushed rock,
The requirements of these base COurses 8IE given as follows:

a) The natural gravel or ‘crushed gravel must have a
grading that is mechanlcally stable and must contain suffi-
cient fines to provide a dense material, Table 2,4 gives

typical grading limits of suitable materials,

b) The material ﬁassing BS 425 um sieve (No, 40 ASTM)
chould be such that Plasticity Index is less than 6:; ligquid
1imit is less than 25 and linear strinkage does not sxceed

4.0 percent,

c) The gravel should be compacted to a fisld density
‘squal to or greater than the maximum density acnieved in

the British Standard compactlon test (100 percent maximum

standard AAGHO density) and for this density in the laboratory

the minimum CBR after four days immersion in water, should

be B0 percent,
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Table 2.4 Typical Limits of Particuie Size Uigtributions
for Mechanically Stable Natural Gravel for
Use as Base Course (From Reoad Note No, 31)

Percentage passing

B.S5., sieve . : -
* Nominal maximum slze

size _ 3
37.5 mm(14") 20 mm(% in) 10 mm(4in) 5 mm{3gin)

37.5 mm(14 in) 100 - - -
20 mm{$ in) 80-100 100 - -

10 mm(4 in) 55-80 80-100 100 -

5 mm{3/16 in) 40-60 50-75 80-100 100

2,36 mm{No.7) 30-50 35-60 5080  80-100

1.18 mm{No,14) - - 40-65 50-80

600 um({No.25) 15-30 15-35 - 30-60

300 u mm {No,52) - , - 20-40 20-45

75 um (No, 200) 45-15 5-15 10-25 10-25

2.5.4 Egacf;ce and Recommendation by Bangladesh Road Research
Laboratory

w.G. HopakInson'1T?

under assignment to the Ministry of
Overseas Development, U.K, prepared & guide in co-operation
with the Bangladesh Road Research Laboratory for the struc-
tural design of bitumen surfacad roads in Bangladesh, The
guide recommends the requirements of brick aggredataa to be
used for base course construction, But no field test or

laboratory tests were made to evaiuate the construction with

crushed brick aggregates, The design charts call for the basse

e
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to have a minimum CBR of B0 percent, Only gas burnt picked
picked jhame bricks with the following properties are

suggested to be used,

Table 2,5 Gtrength Limits of Stone and Brick for Base
Course {BRAL) ' ]

not greater than 30 percant/

Aggregate Lrushing Value (ACV)

Las Angeles Abrasion{LAA} - not greater than 34 percentV
" Average Crushing Strength '~ not less than 5000 psi |
(bricks only) ' L

water Absgorption ' - not greater than 9 percent
'Plasticity Index of'%inas - not greater than 6 perﬁen%

A typical grading envelope for all in crushed brieck
aggregate is shown in Table 2,6 whicn employes a continuous

graded brick (or stone) materisl of maximum gize 37,5-50 mm

(1 - 2").

Teble 2.6 Grading Limits for a1l in Crushed Aggregate Base
Materiasl (From BRRL Guide)

) . Percent passin
Sieve size P 9

by weight
50 mm ‘ 100
37.5 mm (14M) 90-100
20 mm (") 60-80
10 mm (4") 40-~-60
S mm (No, 4) 30-45
2.3 mm (No.B) | 20-35
600 um (No., 30) 12-25

76 um (No, 200) - 5-15

I



CHAPTER-3

MATERIALS

3.1 Gengral

The design of a pavement is valid only if the materials
of construction meet the specification, For highway construc-
tions various alternate materials are available but the
pavement should be constructed with the materiais having
properties to give sufficient stability and durability, In
flexible pavement, base course is the main structural compo-
nént to distribute ths superimposed load to the subgrada, If
there is some failure in tHe base course due to the weaknesses
in the material, deterioratioﬁ after being progressive,
chuckholes may be formed, This type of distress gradually
ieads to the eventual failure of the road, The properties
lof these.materials individually or the mixture ss a whole
are of such critical importance to pavement life that examples
of pevément failure traceable to improper material selection
and use B8re NUmMerious. Therefore,'special emphasis must be
given for the selction of materials for construction of base
" and subbase courses. The materials dealt with are those-
consisting of artificially prepared bricks and natural sand
and soil. The one of the objectives of this thesis is to
search for appropriate material for the construction of base
énd subbase courses for flexible pavement, Following articles

are viewed to classify and investigate the sppropriate goil-

aggregate materials for such constructions,




3.2 Materialg Used for the Research

The materials used 1in the mixture to be used in base
or subbase construction .consists of crushed brick, coarse
to medium sand and silt and clay ffactions of soil, These
three components of the mixture were selected to meet the
desired gradation, Informations regdrding the a;ailébility
of the materials is contained in Appendix-A, far camparisan
four types of bricks with different crushing strength and
sbsarption were used, These bricks are locally named as
'"Picked Jhama';'First;Clésa'and tThird Class' (Descriptian
of bricks are cqntainéd.in Appendix-A), In addition a compa-
‘rative study was made‘using stone aggregates, Main portions
of the coarse and fine aggregates in the mixture were
obtained by crushing these bricks or stones, Vafy small
émouﬁt'of materials between No, B mesh sieve to No, 200 mesh
sieve are obtained during crusning of bricks, To meet the
grading requirement between No, B8 mesh sieve to No, 200 mesh
sieve some coarse'to medium sand was blended, Informationg
regarding the typical hand crushinglof bricks and stones are

contained in Appendix-B,

Properties of the different types of bricks used in

the study are tabulated in Table 3.1,

Boulders used to gef the stone aggregates have average

crushing strength of 15,500 psi and absorption of 1,65 percent,




Table 3,1 Properties of Bricks

Gas burnt LCoal First Third
Properties picked burnt class clags
jhama - picked
- jhama . v
Colour and Blackish Blackish Red/ Pale red/
Burning condition  red/over red/over well  under
burnt burnt burnt burnt
Average" weight of 7,55 6,38 6.15 5.86
a brick, 1lbs
Average crushing 5050 3575 . 3130 1375
strength, psei, ‘
Average absorption, 11,0 11,03 12.25 23,49

percent

# Average values are taken from at least ten samples
selected at random,

Sand used as fine aggregate has a fineness modulus

of 2,70 and a specific gravity of 2,59,

Spil used as fines passing No,

200 sieve has a specific

gravity 2,72 and unit weight of 113.5 lb/cft (dense condition),

These matesrials were used to have 'coarse aggregate',

'fine aggregate' and 'finas' in the mixture,

3.2.1 Coarse Aggregate for thse Study

Coesrse sggregate has been defined as that portion'nf

the mixture which is retained on No,

10 sisve,

The coarse

- aggregates contribute to the stability of the mixture by

interlocking end frictional resistance of adjacent aggregate

particles to displaéemént.
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Coarse aggregates were obtained by crushing tﬁe bricks
or boulders { for stone aggregate), The crusﬁinq was done
manually and breught to the sizeé of one inch or less, The
aggregates were then sieved using U,5, standard éieues and
separated out in different fractions. They were then washed
and dried and combined in appropriate proportiaﬁs of designed

gradstions,

3,2,2 fFine Aggregate for the Study

Fine aggregate is that portion of the aggregate
materiasl in the mixture which passes No, 10 sieve and is
retained on 8 No, 200 sieve, fine aggreqaté contributes to
the stability of the mixture tﬁrough interlocking and internal
friction and also by filling the voidé in coarse aggregate,

After crushing bricks or boulders it is seen that ail of

. the fine aggregates requifed for a well graded mixture are

not Ubfained, Therefore some sand is tolbe blended with the
crusned aggregate to meet the grading specification, For
the gradations EonSidered in this work coarse to medium sand
having fineness modulus between 2,5 to 3,0 is reguired to be
mixad, The fine aggregate in the mixture is therefore a

mixture of crushed brick or stone and sand,

3.2,3 Fines Usad for the Study

Fines are that portion of the mixture which passes No_ 200

sieve, They largely are visuaslized as void filler material in
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the mixture, Fines are used in a well graded dense mixture
in amounts ranging from 5 to 15 percent by weight, from
crushing of overburnt picked jhama brick a négligible-
amount of fines are obtained. The major portion of the
finas is obtained by mixing‘dry powdered soil which is the
cheapest among the available matenials., In most cases the
subgrade soil or soil from adjacent site can be mixed with
aggregate blend to have the desired percentage of fines in

the mixture,

3,3 Test Procedures for Determining Physical Properties
of Aggreqates

Coarse Aggregate: Tests required to determine the

physical properties of coarse aggregates are loose and

dense unit weight, specific gravity, water absorption,
percent wear by Los Angeles Abrasion, All these tests were
performed according to ASTM standard 1979 and AASHO standard
01971, In Table 3.2 the test results of coarse aggregates
obtained from different types of bricks and boulders are

summarized,

According to AASHTO specification M195-63, the maximum
dry loose unit weiéht of light weight aggregate for struc-
tural concrete is 55,U lb/cft., Table 3,2 shows that the unit
weight of all types of bricks particularly gas burnt picked

. . 3 .
jhama brick is much above 55,0 lb/ft”, Hence bricks used

-y
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cannot be treated as light weight aggregate, But these
unit weight values indicate that they are lighter compared

to the conventional natural aggregates,

From the specific gravity records it is seen that
the differences between the apparent and bulk specific

gravities for brick aggregates are much higher than the-

Table 3.2 Physical Properties of Coarse Aggregates

Type of coarse aggregate

Name of the test

ASTM/AASHO Gas Coal First Crushed
designa=- burnt burnt class stone
tion picked picked brick
ihama jhama
Unit weight, C29-78 75.72 72,68 68,98 101,75
lb/cft
Bulk specific Cl127-77 . 2.06 1.98 1,76 2.59
gravity :
Apparent specific C127-77 2.49 2.37 2.31.  2.68
gravity
Abgorption, C127-77 7.29 7.99 10,32 0,86
percent
Percent wear Cl3l1-76 32.00 35,00 40,00 29.50
in LAA

same for stonse aggregates, This is due to high absorption of

brick aggregates,

The percent wear in Los Angeles abrasion for gas burnt:
picked jhema brick is lower than those for other types of
bricks, This is because of the high crushing strength of gas

burnt picked jhama brick {see Table 3,1),
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The absorption of brick aggregates are about 1U times
that of stone aggregates indicating that the bricks contain
much more water permeable pores compared to boulders or

stones,

Fine Aggregate: Tests were performed on fine aggregates

to dgtermine the loose and dense unit weight, specific gravity
and water absorption, The fine aggregates were mixtures of
finer portion crushed brick or stone and sand, The results
obtained for different fine aggregetes are listed in Table 3.3,
Three types of fine aggregates, mixing sand with fina portions
of gasa burnt brick, first class brick énd crushed .stone were
considered, Eighty to ninety percent sand were used in the

mixture,

Table 3,3 Physical Properties of Fine Aggregates

Type of fine aggregates

Name of Test ASTM/ Sand plus Sand plus Send plus
Designa- gas burnt first class crushad
tion pick jhama brick stone

brick

Unit weight, C29-78 83,65 82,34 103,75

lb/cft

Spacific Cl27-71 2.62 2.61 2,68

gravity ' '

(apparent)

Absorption C127-77 4,23 5.15 1,31
percent ‘
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About ten to twenty five percent of the total fine
aggregates rEquireﬁ in the mixture can be obtained during
the hand crushing of bricks or stones, The lower value is
for materials having higher crushing strength., The rest
of the fine aggregates may be used by mixing apPropriaté
sand, Table'3,3'snows thaf the unit weight and‘specific
gravity decrease whan crushed bricks are mixed with sand
and these vaiues with stone chips remain more or less same
as that of sand. The absorption ﬁf the brick aggregate-sand
mixture is much higher than that for stone screenings-sand

mixture,

Fines: The specific gravity of the natural fines was

determined sccording to ASTM standard (12B-68 and the value

i

ig 2.72. The unit weight of fines was determined aqfdrding
to ASTM standard C29-71 and the vaiues ars 61:3 lb;:;; at
looge state and 73,2 lb/cft at 9ense state, These vélues ars
tabulated in Table 3,4, A hjagg;;:;;—;;;IQSis of fines to

"determine the grain size distribution was also done and the

results are tabulated in Appendix-C,

Table 3.4 Physical Properties of Fines

ASTM

. . - R
- Designation Test Results

Name of the test

Specific Gravity Cl128-68 2,72
Unit weight (loose) £C29-7Y 61,30
lb/cft

Unit weight (dense) £29-71 73,20

lb/cft




CHAPTER-4

LABURATORY INVESTIGATION AND TEST RESULTS

The properties of the materials as diascussed in
Chapter 3 reveal that aggreqgates obtained from the gas
burnt bricks are suitable for base and subbase constructions
from the consideration of strength and toughness. With these
brick aggregates-sand-soil mixture first a suitable gredation
was found out after performing CBR tests for different
gradatiens described in Article 4,1, With the gradation;
giving maximum CBR value then s search was made by varying

amount of fines to find the optimum percent fines and finally

a gradation with optimum fines is suggested,

After the gradation of the mixture was found, comparative
studies were made between different types of brick and stone
aggregates, [f excess amount of clay material is present in
the mixture, when mixed with water, the mixture bacomes
plastic, This type of material is not suitable for base
course construction, The plasticity of the mixture depends
on the portion of the mixture passiné No, 40 sieve, AN
investigation is therefore carried to find the plasticity

characteristics of thes portion of the mixture passing No,40

sieve,

A relation between ths compactive efforts and CBR
values were also establighed, The laboratory works done for
the research and the test results are discuased in the

following articles,

i
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4,1 Density-Gradation Relatienship

-Initially five aggregate gradations were selected
from available literature, These gradations are listed
in Table 4.1, The grain size distributien bands are shown
in Figs, 4.1 to 4,53, The gradations are degignated as
xl,xz,xa,xd and X5, Gradation Xl waa taken from ‘the reco-
mmendations of Bangladesh Road Research Laboratory for
~aggregate crusher run base (shown in Table 2,5). bradation
X, and X4 are chosen from the AASHG standard M147 grade
A and B (Table 2.1), Xd is the gradation in Road Note No, 31

of TRRL, U.K, for untreated crushed aggregate'base (Table

2.3 - 1% inch maximum sizse), From specifications of California
Division of Highgays gradatinn_X5 was selected (1% inch
maximum size of Table 2,2), from the combined plot of all

the gradations (Fig, 4.6) an arbitrary gradation was selected
from the analysis of the results of all the above gradations .
in view to have the best results, That final gradation is
gradation Z-(Fig° 4.7). Table 4,1 shows gradatioh Z with

other gradations for comparison,

Coarse aggregates, fine aggregates, sand and soil
were mixed togethsr in proportions as specified in these
gradations and optimum moisture content and maximum dry
density were found for these mixtures sccording to the
standard AASHO compaction method under ASTM designation

D698-78. The results of these compaction tests are shown



in & concised form in Table 4 2,

graphs are plotted in Figs,

4,8 to 4,10,
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The moisture content- density

The line of Zero Air

Void (ZAY) also is plotted with the help uf'average apparent

specific gravity of th combined mixture, CBR tests were performed

for the mixtures of gracation X

X XS and £ compacting the

1 %203 ke

samples at respective optimum moisture contents.

.

Table 4,1 Aggregate Gradation Requirements of Different
Organisations and the Selected Gradation Z,
S%BVE Percent Finer for Gradations
size
Xy X, Xq X, Xe 2
2 inch 100 100 100 - 100 -
1% inch 90-100 - - 100 90-100 95-100
1 inch - - 75-95 - - -
4 inch. 60-80 - - 80-100 50-85 70-90
§ inch  40-60  30-65 40-75 55-B0 - 50-68
Na,d '
(3/16") 30-45  25-55 30-60 _40-60 30-45 38-50
No,8 20-35 - - 30-50 - 26-40
No .10 - 15-40 20-45 - - -
No.30 12-25 - - 15-30 10-25 15-22
No, 40 - §-20 15-30 - - -
Ne, 200  5-15 2-8 5-25 5-15 2-9 g-12

4,2 Effect of Gradatiocn on CBR value

Picked jhama Brick chips with sand and soil at different

gradations were compacted in the laboratory to find the CBR
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Teble 4.2 Moisture Density-Gradation Data

Moisture Wet.’ Dry- - .Optimum Maximuﬁ
Gradation centent density density moisture dry-density
(%) lbs/cft lbs/cft content(%) 1lbs/cft
5,0 115,08 109, 60 ' [
7.5 120,50 112,10 c '
X 10,0 126,17 114,70 | 13,0 ' 117.9 ﬁﬂg
12,3 132,17 117.70 : s ﬁ_f
14,5 133,39 116.50 |
16,0 133.05 114,70
5.0 114,34 108,90
7.3 120,33 112,15
X5 10,0 125,95 114.50 | 12,5 117,0 .
12,5 131,62 117,00 ’
15,0 - 133,70 116,30 ’
17.0 131,27 112,20
5,0 115,17 110,20
9.0 124,26 114,00
X, 12,5 132,30 117,60 13,5 118.0
15,0 134,55 117,00
17.4 135,12 115,10
- Frimy
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Table 4.2 (Contd..... )
Moisture - Wet, Dry- Optimum Maximum
Gradation content dansity density moisture dry-densgity
1 (%) lbs/cft lbs/cft content{%) 1lbs/cft
5.0 117,28 1117
7.5 123.41 114,8°
X4 10,0 129,25 117.95 12, 120,95
12,0 134,40 120,0
13.5 135,85 119.7
15,5 133,90 116,0
5.0 116,13 110.6
B.75 124,08 1141
X 11,75 129,85 116, 2 13, 116.5 |
14,0 132,58 116,0 |
17.0 133,38 114,0 §
|
, i
5.0 115,50 110.0 !
7.5 121,48 113.0
z 9.75 124,42 116.1 13, 119,0
13,0 134,47 119,.0
15,0 134,20 116,7
f?h
i
N
(0
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velue of the compacted mixture, The test was performed follow- ﬂ
ing the procedure in ASTM D18B3-73 and AASHO T-193-63. The ”
moisture content during compactinn was maintained to be v
optimum, Six samples were prepared at a particular compactive
effort, The dryAdensities of the compacted specimens were
messured, The compacted specimens were Fubjected to four
days soaking period apﬁlying 10 1bs surcharge and providing
swell measuring arrangements, bSwell measured after the soaking
period was very negligible, Soaked specimens after 15 minutes
of free drainage were tested in the té%fing machines (Figure

3 ‘
C-1 to C-6 in Appendixft). After plotting the data in figs.4,11 -
4 16 corrected soaked CBR values were obtained. For all the.
samples CBR values at 0.1 inch penetration are higher than the
vélues at 0.2 inch penetration, with different compactive
efforts, dry density and CBR values are plotted in Figs, 4_ 17
to 4,19, The CHR values for 100 percent‘sténdard AASHD maximum’

' gl

Ly . L
densities were obtained from CHR-density plots and compared

for differeht gradations in Table 4,3,

4.3 Effect of Fines on CBR Values

t
By.uarying the percent fines from zero to twenty in
gradetion Z, (CBR values were determined with gas burnt picked
jhama bricks, The results of this investigation are tabulated
in Table 4,4 and plotted in figs. 4,208 - 4,620c, The percent

fines versus CBR and dry density are pldtted in Fig, 4. 21,

T
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Table 4,3 CBR-lDensity-Gradation Relatienship

Gptimum Maximum "CBR at 100

Gradation moisture dry density percent maximum
r centent standard AASHO dengity
percent AASHO percant
lb/cft
Xl 13,0 117,9 79.5
X5 12,5 117.0° 71,0
_Xa 13,5 118,0 77.5
X4 12,5 120,5 87.0
Xg 13.0 116,5 . 65.0
pa 13,0 119,0 97.0

Table 4,4 CBR-Density-Percent Fines Relationship

_ Soaked
i?rcant of Max1pum CBR at 100
ines dengity i
lb/cft D Gamaam
AASHO density
o 46,1 106.4
4 . : 61,5 110,35
10 92.5 121,2
1é 82.0 120,717

20 65.3 118,9
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4,4 CBR for Different Types of Agagregates

p——

Sahd and soil were mixed with crushed chips of coal
burnt picked jhama brick, first class brick, third class
brick and crushed stone in gradation / for the comparison
of fheif stabilities in terms of CHR values, The molds were
compacted in accordance with standard AASHU procedure applying
optimum moisture content, The moisturp content density rela-
tionships of these materials are shown in fig, 4,22, The LCBR
graphs of mixtures containing crushed stone, coal burnt
picked jhama brick, first class brick, third class brick are
shown in Figs, 4,23, 4,24, 4,25, and 4_.26 respectively, fhe
CBR density relationships for crushed stone and coal burﬁt
picked jhama brick are shown in Fig, 4,27 and those for first
class brick and third class brick are shown in fig, 4,28, The
penetration and resiSfance to penetratien relations are shown
in Table A-1 to A-1U in Appendix-A, The stability in terms of
CBR value of these materials are compared with that of gas

burnt picked jhama brick in Table 4.3,

.

Table 4,5 CBR for Different Types of Materials

Gas burnt Coal First Third Lrushed
Parameter picked burnt class class stone

jhama picked brick brick

brick jhama

brick

Optimum
molisture 13.0 - 14,5 15.0 16.5 10,5
content
in percent
Maximum dry-
density, 119.0 118,74 115.6 113,9 149 .0
1b/cft :
CBR value 97.0 74.0 62,5 42.0 94,0

in percent
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4,5 CBR at Uifferent Compactive Efforts

CBR molds were compacted at different compactive

efforts and soaked CBR values were determined, The mixtures

were taken in gradation Z for gas burnt picked jhama brick

aggregates and crushed stone, The values obtained are com-

paréd in Table 4,6 and graphs of the average CER 'values are

shown in Fig, 4,29,

Table 4.6 ‘CBR-Compactive Effdrt Relation

Compactive

CBR-value in psercent

affort

appliaed in Gas burnt |
ft-1b/cft picked jhama Lrushed stone |
- 56,000

(Modified AASHO) 156.0 169.0

12, 320 |

(Standerd AASHO) 97.0 94,0

14,300 115.5 110,.0

6, 600 595 ) 61.5

3, 300 45,6 52-&

4,6 Decrease in Voluma Aftar Compaction

For the mixture in gradation Z the volume of loose

mixture and the volune after compaction .was measured for

different specimens, The average decrease in volume after

compaction was 20 to 22 percent,
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4.6 Plasticity Characteristics

i Plasticity characteristics of the soil binder in the
mixture was determined, The liquid ;imit and plastic limit ~
tests were performed in accardance with ASTM/ANSI D423-66
(Reapproved in 1972) and ASTM/ANSI 424-39 (Reapproved in
1971) respectively. THe material passing No, 40 sieva was

taken from the mixture for these determinations, Results

are. shown in Appendix-C (Table C-12),

A hydrometer analysis of the fine portion of the
mixture was done according to the procedure described by
LAMBE(lB). The results of this analysis is shown in Table 4,7

and in Table C~1l in Appendix-C,

Table 4.7 Results of Hydrometer Analysis of the Fines

of the Mixture

D in m.m, 0.0699 0.052 0,037 0,0264 0,019 0.014 0,01 0,00712

Percent :
finer 33,66 24,0 18,27 11,52 6,72 5. 76 4.8 3,24

Fep
S




CHAPTER-S

ANALYSIS AND DISEUSSIONS OF TEST RESULTS

5.1 Appropriate Materials

For a dense mixture, the general requirements for
coarse and fine aggregates are that, 'aggregates should
be hard, tough, duréble and free frgm excess amount of flat
end elongated pieces and vegetable particles or other organic
cnmﬁuunds', From the results of the tests of coarse and fine .
aggregates summarised in Table 3.2 and 3,3 it can be seid
thet the crushed brick aggregates satisfy the general criteria
aof the eggregates, | : : ki

: ‘ e

The guality of coarse esggregate is contrelled by -
specifying that the percentage of wear by LOs Angeles *
Abrasion test should not exceed 50 percent (According to
AASHD) and 34 percent (according to BRRL) for high type
bituminous pavaﬁént construction, Table 3,2 reveals that
all types of bricks for the study satisfy the requirements
of AASHTO but only gas burnt picked jhama bricks satisfy
the requirement of BRRL, The percentage of wear for coal

burnt bricks slightly exceeds the BRRL limit,

5.2 Gradetion

Six gradationvxl.xz,xa,xd,xs and 7 shown in Table 4,2

were selected with a view to obtaining the densest mixture

giving maximum stability, Gas burnt picked jhama aggregates
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and sand-soil mixtures were used for obtaining these grada-
tions, The maximum dry density and the CBR values for these
mixtures are summarized in Table 4,3, The CBR curves for
all these gradations are presented in figs, 4,11 to 4,16,
These curves are similar in nature indicating increasing
resistances for Higher values of penetratiahs_ Bht the
moi;ture density graphs shown in figs. 4.8 to 4,10 are not
identical in shape and varies according to the finenesses
of the mixtures., The finer mixture gives sharper curve and
coarser mixture have flater ones, Thq CBR wvalues at 100
percent maximum AASHO density varies from 65.0 percent for
gradation XS to 97.0 percanf for gradation Z, A close study
of these results reveals that the CBR values increase es
the densities of the mixture increases and at maximum density v

there is maximum CBR vélua. The maximum CBR value is obtainad

for gradation Z shown in the last column of Table 4.2,

The other requirements for, gradatien by AASHO and TRARL

as discussed in Chapter 2 are that:

i} the fraction passing No, 200 sieve shall not be
greater than two thirds of the amount passing

No, 40 sieve;

ii) not less than lU percent should be retained betwsen
each péir of successive sieves except for the top
two largast sieves,

The gradation 'Z' satisfies all the above .requirements,
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5,3 Combination of Aggregates to Preduce Gradation 'Z'

In most cases no suitable single aggregate may be
available to meet the requirements of gradation Z, In such
cases aggregetes from different sources may have to be
blendea to meet the requirements of the specificatiens as
in gradationlz, The blending should be such that the composgi-
tion of the ﬁi;turs which is to be designed must bé within

the limits of the gradation,

The specified gradation Z employs 66,0 percent coarse
aggregates, 24,0 percent fine aggregates and 10, U percent
fines in the aggregate mixture, The author made an additional
study regarding the gradation of the hand crushed brick
aggregate sources in Bangladesh, The study is contained
in Appendix-B, It is found in the study that the crushed
brick aggregate obtained when the labours were assigned
to crush ¥ inéh downgrade is the suitable source to supply
most of the coarse aggregates and someg portion of the fine
aggregates in gradation Z, To obtain the rest of the fine
aggregates and the fines of the mixture, @ medium to coarse
send and some soil were mixed with crushed brick aggregates,
The sand may be ciassified as well graded (SW) according
to unified soil claSSification system, The value of the
uniformity coefficient [, is 8,48 and that of gradation
coefficient Cg is 2,34, The fineness modulus of the sand
is 2,80, The aoil used in the blending is silty and plasticity

index is less than 6, The graein size distributions of the
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components of the mixture are ghown in Fig, B-1, The band
of the grain size distribution of gradation Z is shown in
Fig, B-2 which also shows the position of the blended

mixture within the band,

In the Table 5.1 ~a job mix formula fgr the

blending of crushed brick, sand and soil is found out,

It is seen from the tatle that 70 percent crushed
brick aggregates, 20 bercent of medium sand and 10 percent
crusned brick aggregates, 20. percent of medium gand and
10 percent of silty goil are mixed, The combined aggregate
in the above percentage proportions falls within the
grading band of Gradation Z, In most sieve the valua of
the percent finer is very near to the mid point of limits
of gradation 2, Hence the above percentages of the respective
aggregétes may serve as a job mix formula to prdduce crushed
brick aggregatensandésoil mixture in gradatien Z,

-

5,4 Moisture Content

The moisture content-dry dengity relationships for six
mixtures shewn in Figs, 4.8 to 4,10 indicate that the density
increases with an increase in the moisture content, After
a certain percentage of moisture in the mixture, the dry-
density decrsasss with the increase of moisture, fha moisture
contents for maximum densities for thesses mixtures varies

from 12,50 percent to 13,50 pasrcent shown in Table 4.2,




‘Table 5.1 Job Mix Formula for Gradation Z,

Percent Passing

In

" max, size Medium S5ilty goil . . .
B crushed brick sand Combi~ Mlq_ Limits
Sieve agqreqate F M<? B0 ned point of
size 991239 : A———a. : grading of Z,
Total Contribu- Total Contribu- - Total Contribu- Z
tion in the - tiom in the tion in the ‘
mix. 70% mix,20% mix, 10%
14" 100 70 100 20 - 100 10 100 97.5 95-100
7 70 19.0 100 20 100 10 79 80.0 70-9C
+" 32 22,4 100 20 100 10 52.4 59,0 50-68
No, 4 2C 14,0 100 20 - 100 10 44,0 44,0 38-5C
No, 8 13.5 4,55 30 6,0 97 9.7 20.0 18,5 15-22
Ne, 200 1.5 1.05 3 G, 60 87 8.7 10,35 10,0 B-12

¢
90T
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For brick aggregates, it is said in article 5,2 that

maximum (CBR values are obtained at maximum dry .densities

and the maximum dry demnsity is obtained at optimum moisture

content, In other words it Ean be said that the maximum
CBR value is obtained when the mixture is compacted at
optimum moisture content, from the test results it is seen
that for gradation Z, the mixture with which maximum CBR
value 1s obtained has an optimum moisture content of 13,0
percent of the dry weigﬁt of the mixture, The maximum dry

density for this mixture at this moisture content is

119,0 1lbs/cft,

5.5 Percent fines

Like moisture content the amount of fines applied in
the aggregate-sand-soil mixture controls the density of thae
mixture and also the stability, An optimum amount of fines
which is just sufficient to fili most of the wvoids 1in
aggregate combination gives the maximum stability, For gas
burnt picked jhama brick—sand—éoil mixtures, the CBR tests
were done by varying the percentages of'fines; Results are

shown in fig, 4,21, The socaked CBR values for diffarent

amount of fimes are shown in Table 4.4,

It is seen in Fig, 4,21 that the maximum dry density
occurs at 12,5 percent of fines whereas the maximum CBR

value is obtained at about 10 percent of fines, The maximum

e
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dry dangity at optimum moisture content and 10 percent fines
wag 119.0 lbs/cft for gradation Z, But when the parcent of
fines was increased to 12,5 percent the density increased

to 121.5 lbs/cft and the CBR value decreased by 2 percent,
Thug it can be seen that fines in excess of optimum may
sometimes increase the density but Hecreases thg stability

of the mixture,

. 5,6 Compaction

The density as well as the stability of the mixture
is very much dependent on the cﬁmpactive efforts applied
during compaction, The Eompactive efforts applied by
standard AASHO compaction méthed is 12,320 ft-1b/cft, The
looge mixture in gradation Z was compacted applying this
amount of effort, The volume of the loose mixture was
dacreaged by about 20 to 22 percent after compaction, The
density of the mixture increased from 105,0 lbs/cft to
119.0 1bs/cft. fFrom the compactive effort - CBR relatienship
shown in Table 4,6 it is sasn that for gas burnt picked
jhama brick the CBRIvalue at modified AASHD compaction is
about 1.6 times the CBAR at gtandara AASHU compaction, The
compactive effort applied in modified AASHO is 4,5 times

the standard AASHO effert,

Crushed stone aggregates were also studied to have a
comparison with brick aggregates, Sand, silt and clay

fractions of soil were blended with hand crushed stone
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aggregates in gradation Z, The CBA values were then deter-
mined followinyg standard AASHU procedure. It is found in
Table 4.6 that at modified AASHU compaction the CBR value

is about l;ﬂ times the CBR value at standard AASHU campaction;
From the results it is also observed that at lowgr compactive
gfforts the crushed stone aggregate.mixture hasrcbmparatively

higher CBR values than brick aggregate mixture,

5,7 CBR for Different Types of Aggregates

fFour types of brick and stone aggregates were taken
for the comparative study., All the mixtures compacted were
in gradation Z, The physical properties of these éggregate
fypes are shown in Tables 3.2 and 3.3, The maximum dry
density, CBR values for these materials are shown in
Table 4.5, A study of these lables indicates that the
higher the crushing strength, the higher is the CBR valus,
for the crushed stone used CBR v&lue of 94 percent is
ettained for gradatian Z., Among the four types of bricks,
“the gas burnt picked jhama brick aggregétergives the maximum
CBR wvalue, maxiQO dry density and minimum optimum moistura'
content, The bricks Classified here as third class are
the under burnt low guality bricks collected from different
kilns, The sverage crushing strength of these bricks is
1375 psi and this aggregate gives the minimum CBR valué of

42,0 percent at 100 percant standard AASHO density,
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5.8 Plasticity Characteristics

With crushed brick or stone aggregates some sand and
soil were mixed to satisfy the designed gradation, Normally
the fines produced during hand crush?ng of bricks or stones
are nonplastic, The amount thus obtained is very small in
guantity, To have specified pefcentage of finmes in the
mixture silt and clay fraction of soil (material passing
No, 200 sieve) is used in the mixture, The combined mixture
may sometimes be plastic (Pl greater than 6) if there 1is
excess clay particles, Hencelplasticity tests were perfofmed
according to standard procedure with the portion of the

mixture passing No, 40 sieve,

The plasticity tests described in article 4,6 shows
that the material used in this investigation fulfil the

requirements,

e e At ey PR i B



CHAPTER-6

CONCLUSIONS AND RECOMMENDATIUNS

6.1 Conclusions

The coneclusions derived frem the test results of the
present study may be classified into two major groups

-

depending upon

| o

A) the properties of different types of aggregates used

in the mixtures and

B) the behaviour of the mixture with a particular type

of aggregate,

A, Conclusions based an the pfoperties of different types

of aggregates,

The search for appropriate material was done with
different types of bricks viz gas burnt picked jhama, first
class and third class bricks. For comparison, crushed stone

mixtures were also studied, The search reveals that :

i) Crushed . brick aggregates satisfy the gensesral
criteria of aggregates for base and subbasge

constructions,

ii) The gas burnt picked jhama brick aggregate is the
most satisfactory among all the bricks, congidering

the wearsbility of the sggregates,

™
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Among four types of brick aggregate mixtures,

the gas burnt picked jhema brick aggregate mixture

has the maximum density and minimum eptimum moisture
content, When compacted in the standard AASHO

procedure the maximum drydensity is 119.0 pounds

per cubic feet and the optimum moisture contant

is 13,0 percent, The mixture was compacted as in

gradation Z shown in Table 6,1,

Using suifable gradation, the (BR value of the
mixture is the most ihbortant characteristic for
the base or subbase éonstructions. The capacity

in terms of CBR value was the highest fer gas burnt
picked jhama‘brick aggregate mixture, The CBR value
at 100 percent standard AASHO compaction is found
to be 97.0 pércant when the aggregates and soil
were mixed in gradation Z, The (CBR values for

other types of brick aggfegate mixtures were as

follows:

for coal burnt brick aggregate mixture: 74, U percent

for first clasa brick " " : 62,5 percent

for third class brick " " : 42 0 percent,

e

Although the CBR value for crushed stone aggregates
should be 100 percent, but in gradation Z, a CBR value of

only 94,0 percent is attasined,
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For base course constructions gas burnt brick

aggregate mixtures can be used satisfactorily,

For subbase course constructions, any type of the

brick aggregates can be used,

B, Conclusions based on the behaviéﬁr of the mixture

with a particular type of aggregate mixture,

i) bredation of the aggregate mixture is an important
‘facter determining the load carrying capacity of

base or subbase ceurses, {\
. 9

The gradation of the crushed brick sand and so0il
mixture shown below in Table 6.1 gives the maximum CBR :
value and is suggested to be used in base or subbaage

courses,

Table 6,1 Gradation Z

.

Sieve size Percent Finer

2 inch "
1% inch 95-100 -
$ inch | ' 70-90

4 inch 50-68.0

No, 4 38,0-50

No, 8 28,.0-40

No, 30 . 15-22.,0

No, 200 B,U;lE,D

—-—- ~-urvn:3_:l__\_‘_,; '

P W
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ii) The fines used in-the mixture increase Gr
decrease the CBR value depending en their percentage
in the mixtures, At optimum psrcent fines the (BR
value is the maximum, For gradation Z, the optimum
percent fines (combined silt and clay) is 10.0

percent, .

iii) The optimum moisture content at which maximum
CBR value is attained in the mixture varies with
the type of the aggregates, gradation of tHe
mixtures and the percent fines in the mixturs,‘
For gas burnt picked jhama brick aggregates with s
ten percent finses, the optimum moeisture content
ig 13.0 percent and the maximum dry density is
119,0 pounds per cubic foot at 100 percent

standard AA5HD compaction,

iv) The CBR value is depﬁdent on fhe compactive efforts \
applied, Fo% crushed‘gaé burnt picked‘jhama-brick
aggregate mixture, the CBR value at 10U percent
standard AASHO compaction ig 97.0 percent and at
100 percent:modified AASHO compaction, the CBR

velue is 156,0 percent,

6£.2 Recommendations

6,2,1 Recommendations for the future Study
i} In the present study six gradations were used

for investigation, More gradations could be tsken
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to find the CBR values, In the future more
close investigation should be taken to find a
suitable gradation at which maximum CBR value

would be attained,

In the present study the CBR.values of all
mixtures were determined in the laboratory. The
same materials should be compacted in the field
at the .same densities and field CBR values should
be determinéd, Correlations should be developed

between laboratory and field CBR values,

£,2,2 Recommendations for Field Constructions

i)

ii)

iii)

iv)

For the constructien of base courses for high
type pavemsents, gas burnt picked jhama bricks

are recommended to be used,

The mixture is to be blended as in gradation

Z (Table 6,1) found in the study,

During construction in the field, the gradation

of the mixture should be maintained,

ThE.Optimum moisture content should be present in
the mixture during compaction, For thorough dis-
tribution of moisture water should be added

several hours in advance of compaction,

-~
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Availability of Materials Used in the Study for Base and

Sub-base Constructions,

" The materials used to blend together for getting the

daesired gradstiaens are:

i) Bricks
ii) Stones
iii) Sand

iv) Silt and clay fraction from soil,

i) Bricks: Bricks are mast widely used artificial

building stone 1in Banéladesh, Bricks can be prepared any

where in Bangladesh, The qualities, af which strength and

durability are important are functions of constituent

materials and burning process, Day by day coal burning

process is becaming obsoleta where gas is available,

Fortunately Bangladesh has an abundant storage of natural

gas which are being supplied to almost all parts of Bangladesh

at a cheaper rate, Use of gas as the fuel in Brick
is undoutedly more ecanomic and efficient than any
burning methad,

Where gas is nat availsble, only. there, coal

can be used for burning bricks, This study reveals

the gas burnt picked jhama bricks and jhama bricks

kilns

othef

or oil
that

are

the most suitable type of bricks for base ans subbase cons-

truction, Other types of bricks were also used for comparison,
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These types are classified by Bangladesh Public Works

Uepartment (P, w,D.),

1

Picked Jhama Bricks: These bricks are uniformly
varified throughout, but must be of good shape, heavy

and of selected quality, They must not be spongy. .

-

2. Jhama Bricks: These are slightly over burnt bricks
but not guite so well shaped as picked jhama bricks, They
must not be spongy and must be free frem cinders and projec-

ting lumps and of fairly good shape,

3, First class Bricks: They should be of uniform size
and colour, thoroughly and evenly burnt, They should ring
clearly when struck with a hammer or anohter brick, They
should be well shaped with even surfaces and without cracks,
raingpots or flaws of any kind, They should not absorb
water more than one sixth of their weight when wat in water

for 24 hours,

+

4, Second class Bricks: These bricks must posses the

o

hardness and colour of first ciass bricks but are slightly

irregular in shape, size or rough on the surface,

5, Third Class Hricks: These are bricks which are
not sufficiently burnt to the class ag first or second but
which are burnt sufficiently and.of uniform shape and size

for use in unimportant works,

On the basis of fuel two varities of picked jhama

- and jhama bricks were used - gas burnt and coal burnt,
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Actuslly for the construction of pavements the bricks are
evaluated by their crushing strength values and percent
wear in Los Angeles AErasion machine, Imn Uhapter 3 a
camparison is given for different types of bricks used

in this study, Now these bricks can be prepared at places
near job sites and after crushing brick aggregat;s can be

obtained,

ii) Stone: Boulders can be crushed to the desired
sizes-to have crushed stone aggregates. [he smaller éized
stones - shingles and pea-gravels can also be mixed to
have the aggregate mixture. The general name of these
natural aggregatés is gravel and includes Gramite, [rap,
Basalt, Sandstone, Limestone, Argillaceous Limestone

(Kenkar), Dolomite, Laterite, Quartzite, Slates and Marbles,

In Bangladesh most of the big quarries for the collec-
tion of stones are in Sylhet District, Eholagoﬁj, Jafflong,
Shella and Bhowal querries are important for the collection
of Boulders and Shingles, Small guantities of stones are
also available at Shita Kundu, Rangamati, Cox's Bazar of
Chittaéong district and in the beds of Mohadee and other
river coming from Garo Hills in Mymensingh, Stones sre
also available in some places of the nerthern districts

like Rengpur and Dinajpur,

iii) Sand: Some sand is required to be blended with

goil and aggregate to meat the standard gradations, The
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fineness ef sand which is to be used depends on the propor-
tions in the sggregate mixture and the type of the soil
employed in the mixture, The sand may be from cearse to
fine according to grain size, It can be ebtained freﬁ

river bed er frem pits,

Sand is abundantly available all over Bangladesh,
Vary good variety of river sand is available in the districts
of Dacca, Mymensingh and Sylhet, Beth sea sand and river
sand of good quality are found in the coastal districts,
Sands are also available in the northern districts of

Bangladesh but noet of good quality,

iv) Seil {for silt and clay fractions)}: Some minimum

amount of silt and clay fraction of seil (material passing
Na, 200 mesh sieve) is raquired in the mixturs, Normally
bed soil, after dryinmg and pulverizing, can be mixad with
aggregates, But if tﬁera is excess amount éf clay %ractiona
in the soil, lumps, clay balls may be formed during mixing
which deteriorates the quality of the mixture. In such

cases, suitable soil from adjacent areas can be used,




APPENDIX-H

HAND CRUSHING OF BRICKS AND BOULDERS




123

APPENDIX-B

Hand Crushing of Bricks and Boulders

This appendix pertains to the construction of any
gstructure where crushed aggregates are used, The natufally
occuring shingles and pea-gravels are round shaped with

polished surfaces, The strangth of these smaller sized

N Lo
aggregates are less than that from large sized stones Pamed o
as boulders. To ensure proper interlocking and increasad
surface roughness, bouldsrs are crushed to smaller sized
amggregates, Bricks are normally crushed to sméller sized
angular rough surfaced aggregates for use in construction
" work, (ﬁﬁp,
b ke

The crushing of bricks or boulders can be done manually
by a hammer or by using machines, It is an accepted fact
that machine crushing produces uniformly graeded aggregates,
‘for concrete works and for the construétion of dense graded
pavement components well graded aggregatés are reqguired,
Ey hand crushing of bricks or boulders a well graded or

close to well graded aggregete is expscted to be abtained,

Bangladesh is a populous poor country, The ecbnomy
prevailing now in this country desires to undertake lebour
intensive methods rather than capital intensive methods
for construction works, Therefore in most of the conatruction
works, bricks or boulders are crushed manuslly to get graded

crushed aggregates,
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A

The author used crushed bricks and boulders for this
study, To meet the standard grgdation it was foundlthat
some aggregats of particular gizes are to be blended with,
and some aggregate are to be discarded from the mixture
of aggregetes obtained from hand crushed sources, In thie

connection edditional informations were collected regarding
the gradation of typical hand crushing which is most cemmon * EtE

in this country, The information are obtained in the following

forms:

i) Comparison of gradations for crushed boulders

and crushed bricks (Picked jhama),

fam
ol

ii) Typical gredations for crushed bricks (picked jhama)
under the following circumstances: Labours were
recruited at random of different ages and sex,

A grodp of labours were directed to crush bricks
into 1™ maximum size, The crusﬁed materials were
collected and gradations for different labours
of & particular group were found out, Average
values of thesé grqdations of that particular

group was taken, Similarly gradations for other

maximum sizes were also obtained,

iii) Typical gradations for crushed bricks of a
particular maximum sizes by labours of different

ages and sex,
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Table B-1 Comparison of bGradations for Crushed Boulders
. ) ¥
and Crushed Bricks (Picked Jhama)
- Percent fFiner ﬁa
Sieve RARVI
size Avg. gradation for Avg, gradation for crushed
crushed stone broken bricks broken by typical
by typical laboursg labours
‘ Max, size 1" Max, size 1"
1s" 100 ' 100
1" 79.5 92,59
1" 47,0 _ 64, 68
™ 26,0 41,47
3" 16,75 15,20 ,
} ' S
" 9.50 5.07 2
No, 4 6,34 2.71 i
No, 8 3,00 3.55
No, 16 1.85 0.36
No, 30 1,15 0.20
No, SO 0.50 | D.05
No, 100 0.20 ' 0,02
No, 200 0.05 0,01

It is seen from the above comparison that stones after

crushing remains more oversized than bricks, It can also be

said that crushed bricks are more well graded than the stones,

For bricks therefore hand crushing is more suitable than for

stones,
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Table B~2 Typical Gradations for Different Maximum Sizes
{Crushed Picked Jhama Bricks)

Percent Finer

Sieve size

1n _i_ﬂ *n
14" 100 100 100
1" 92,6 - 94,0 96,0
3" : 64,65 71,75 69 .60
" 41,45 39,30 39,95
" 15,20 27.35 31,95
" 5,10 16.65 23,40 .
. ‘ o
No, 4 2.70 13.00 19.95 T
No, B 0.55 7.20 13,40 "
No, 16 0,35 4._40 9,60
No, 30 0.20 2,45 6.20
Na, S0 ' 0,05 1.45 4,10
) :':_,f*f"
No, 100 0,02 0,50 2.50 1
No, 200 0.01 " Dp.10 1.10

It is seen from the above table that more over sizad
materials are obtained for lower sizes and lower sized

materials after crushing are more well graded,
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Table B-3 Typical Gradations of Crushed Bricks (4" max.size)
Broken by Labours of Different Ages and Sex,
(Crushad Picked Jhama Bricks)

Percent finer

Sieve
size Male Female
Gr. 1  Gr, 2 Gr, 3 Gr, 1 6r, 2 Gr, 3
S 87.00 96.0 91,20 71.18 85.80 77,80
F A 66,35 '69;5 67,55 27.82 57.20 49,85 iy
3 41.65 39,9 41,85 12,42 30,40 27.50
+" 32,65 31.9 31,00 6£.58 21,90 19,65
i 19,20 23.5 19,80 4.16 14,75 11,40
No. 4 15,35 19.95 15,175 2.52 - 11,75 8,65
No, B 8,65 13,40 8.45 2,10 7.45 4,75
No, 16 4,40 9,60 4,90 1.98 - 4,950 2.95
No, 30 0,85 6.15 2,95 1,74 3.25 2,00
No, S0 0,40 4,16 1,75 1,44 0,80 1,45 ‘
oG
No. 100 0,15 2.50 1,00 0,82 0.35 0.90
No. 200 0.00 1.10 0,35 .00 0,00 0.45

Gr,. 1: Age between 12-20 yre,
Gr, 21 Ags between 25-35 yrs,
Gr, 3: Age sbove 30 yrs.

From Table B-3 it reveals that the quality of crushihg ig
better by group 2 labours for both mgle and female, Alsoe this
group having age between 25-33 years crush more well graded

materials,
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" Table C-l1 CBR Test Results for Gas Burnt Picked Jhama Brick; Gradation Xl
Lompactive Son, Penetreation load in psi required for penetrations dry Avg, Lorrec- Avg,
effort, Ne, in inches density dry ted CBR Tor,
lb-ft/cft 0.02 0,04 0,06 0,08 €,10 0,15 0,20 0,30 0,40 lbg/cft density in % CBR
| lbs/cft in %
1 1G53 297 470 652 £35 1100 1252 1525 1712 118.5 2a
14300 2 115 305 A95 673 855 1115 1300  16C2 1800 11v,1 92
{65 blows 3 113 32U 525 736 900 1192 1395 1720 1980 121.,9 119 .3 95 21,8
rer layer) A 115 318 523 715 956 1209 1402 1620 1413 121.3 97
5 1C3 275 450 £48 810 1105 1250 1460 1642 117.7 ge
& 11C 280 453 655 g0 1048 1320 1465 1645 117,0 g9
1 52 121 235 33cC 41C 583 575 gl5 ge2 112.,7 50
) 5C 1C3 o0 280 376 55C 852 -80S B4 110, 6 46
6,60C0 9 5C 125 217 J2g 432 540 775 950 690 113,73 112.,7 33 49,2
{30 blows
per laver; 10 51 120 203 G2 400 614 762 a7e6 1135 113.2 49
11 5u 160 155 00 3g5 588 735 g10 695 112,45 48
12 45 116 210 320 425 617 720 855 960 114,72 49
13 24 a8 87 162 235 452 545 640 672 1G7.4 39
14 s 61 T2 210 360 455 573 660 Tla 108,7 40
3, 300 1s 21 sl 131 208 302 465 550 630 665 109,3  1o8.4 42 39,0
(15 blows
per layer) 16 20 58 125 218 300 445 570 720 825 9.3 39
17 22 55 120 207 297 425 510 596 620 167.9 38
18 20 52 ias 165 255 400 450 570 £22 107.8 36
From CBR-density plot (Fig,4174), CEB# at 100 percent standard AASHO density is 79,5 percent,
[
LY
o




Tanle C-2 ©BR Test Result for Gas Burnt Picked Jhama Brick; Gradation X

2
Lampactive 5pn, . Penetration load in psl reculred for penexrations Ury Avqg. Lorrec- Aavg,
effort, No, in inches : density dry ted LBR cor,
lb-ft/cft D.C2 ©,04 0,06 ©.08 0,10 0,15 0,20 (.30 ©C,40 los/cft density din & CTUR
. ibg/cft i
1l 122 ZES 317 n4EB ETS 1142 . 1301 1513 1lezZC 11+ L S
2 118 295 167 €27 782 1051 1234 1367 1518 i18,3 g4
4 . " - -
1 ’3p0 3 127 274 500 £10 - B2 115C 1333 1671 121lCc 120, % 119,73 o1 2,5
{65 blows
per layer) 4 1G8 23C 474 £22 878 1128 1324 1500 1675 '115.1 35
3 106 248 403 837 74 1676 1252 1415 1596 ‘ilo. s 85
= 126 30C =045 676 93 119 13304 475 1650 11w .58 25
7 48 iG7 200 296 364 SRZ 755 8§78 072 112.3 dg
8 5 105 - 197 3060 403 S4% 700 86C 38G 1iz.¢ 4
6’§DQ 9 54 1z3 226 350 400 626 BGo 10cl 1246 113 - e i,z
{30 blows .
ner layer) 1G 34 134 175 2608 371 55C 542 830 gga 112.,C 17
11 a5 105 180 2487 7o 525 700 524 05 111.¢ 48
12 47 106 262 357 408 £5C 762 b22 1831 113.< 51
13 18 58 124 208 353 444 550 690 TE5 11,8 23
14 13 56 133 204 257 445 526 547 648 110, < 37
3, 3C0 _ ~ ~ \ -

’ 300 - 5 7 11c 1 S
(15 blows 15 16 54 141 223 3C0 457 565 729 775 llL: 1C,1 4 .3
per laver) 16 17 5C 124 183 232 acz 507 600 732 1€3 .4 35

17 18 JE Bz 150 240 405 460 635 660 1tu, 7 34
18 15 . 50 125 200 267 450 587 720 §25 1C9,5 s

From CBR-density plot (Fig,4/78), CBR at 100 percent standard AASHO density 1s 71,0 percent,
e T | ' ‘

T

TET
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Table C=3 CBAR Test Result for Gas Burnt Picked Jhama Brick; Gradation X3

Penetration load in psi reouired for penetrations

Correc~ Avg.

Compactive Jpan, Dry Avg,
effort, Na, in _inches . density dry ted cor,
1b-Fticft 0.2 0.0U8 0.06 GC.08 0.10 ©.15 0.20 0.30 G©.40 1bs/cft density C3R CER
lbs/zf% in % in %
1 135 286 457 575 760 1035 1162 1375 1540  121.5 84
14,300 p) 101, 247  47¢ 600 770 1020 © 1140 1332 1772 120,1 84
(65 blows 3 199 7253 438 550 742 1033 1152 1315 1455 119.4  120.2 82 86
per layer) -
4 116 250 475 436  B2G 1055 1225 1380 15506  119,6 87
5 123 272 450 597 803 12023 1163 1370 1538 . 115.4 86
S 162 290 475 630 842 1075 117C 1436 1639  122,6 90
, 7 45 140 187 300 403 605 710 865 98O 113.3 50
6,600 ) 37 104 201 296 3s0 532 655 400 920 112.0 44
(3C b19WS g 42 102 180 260 340 495 638 747 51 112.¢ 112,142 46
per laysar) .
10 47 126 ~ 183 300  4cs 570 674 e0n 973 110, 8 48
il 50 162 180 255 332 501 556 674 74C 111,11 4
12 46 121 252 310 430 60 6E4 853 594 113.5 51
13 16 50 122 200 276 421 512 642  &55 112,7 37
3, 300 14 1B 52 140 202 300  43% 522 620 617G 11,4 33
(15 blows 15 13 51 98 g 250 400 470 535 560 110.5 110,75 34 35
per layer) . .
16 20 54 iG7 175 253 410 450 550 605 165, 6 14
17 18 52 1068 155 238 350 421 517 562 109 .4 31
18 22 51 124 200 270 424  SGO 591 673 1169 36

£

—

-

-—

I'.
I

from CHR-Density plot (Fig.4.48A), CBR at 100 percent standard AASHO density is 77,3 percent,
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Table C-4 CBR Test Result for Gas Burnt Picked dhama Brick; Gradation Xd.

Compactive Spn, Penetration load ip psi required for penetrations Dry Avg, Correc- Avg,
effort, Na, inches density dry ted C3R Cor,
lb-ft/cft 0,02 0,04 0.06 06.08 G,10 0.I5 0.20 0,30 0,40 1bs/cf: density in % CER
7 lbs/cft in %
1 142 325 509 735 940 1138 1295 1545 1730 121.7 102
’ 2 115 323 503 697 B8B2 1165 1307 1600 1774 121.,C 98
14,300 3 136 364 550 705 938 1242 1460 1665 1847 123,4 121,8 101 59,0
{65 blows .
per layer) 4 112 274 525 675, 868 1197 1350 1570 1754 121,7 - 97
5 115 297 495 698 540 1158 1365 1593 18C6 12C.8 96
6 118 320 504 700 902 1165 1375 1550 1695 121,E 100
7. 50 130 220 322 425 630 750 915 1025 115,C 53
6,600 8 48 108 196 365 403 596 732 §53 902 114.1 49
(30 blows 9 45 125 237 330 426 634 750 915 1028 114,2 114,052 52
per layer)
10 50 108 218 320 410 590 786 960 1120 112.5 52
11 51 136 216 373 435 622 755 925 1063 115,1 54
12 50 125 262 323 410 598 728 870 2B  113.0 50
13 16 65 150 240 332 500 580 650 695  111.9 46
3,300 14 15 54 132 231 320 487 602 695 730 111,5 45
(15 blows 15 33 52 106 200 301 471 632 652 722 110, 111.2 4l 43.3
per layer
16 17 65 117 222 307 475 605 760 925  109,7 43
17 13 66 160 200 310 500 605 80C 850 112.4 44
18 23 67 114 240 300 475 573 675 680 . 110.8 41

From CBR-density plot (Fig,4®8), CBR at 100 percent standarao AASHO density is 87,0 percent,

EET



. Table C,5 CBR Test Result for Gas Jurnt Picked Jhama Brick; Gradation XS;
Caompactive Son, Fenztration load in psi required for psnatrations Ury Avg, Correc- Avg,
effort, No, in_inches density dry ted CBR cor,
~Ftie . : {+y in % !
lb-ftécft G.oz 0©.,04 0,06 C,08 0,10 0,15 0,20 0,30 ¢,ap Itbs/cft density in® B8
lbs/cft in %
1 106 303 440 600 806 106G 1255 1524 1695 1le, 20 86
14, 300 2 98 268 433 628 795 1065 1225 1495 1520 116,73 87
(& ' . _ ) . .
|65 blows 3 87 217 375 535 67C  B76 990 1112 1205 1ié,8 117,75 T3 79.0
per layer) ‘
4 72 215 aus 520" 712 954  1GAG 1225 140G 1170 79
5 75 210 355 518 623  BAS 1003 1142 1250 116,32 70
5 116 .255 410 603 712 965 1120 1353 1547 118,75 79
7 a7 100 175 204 355 517 600 760 875 113,75 42
6, 600 8 a8 86 18¢ 235 330 500 605 792 BOC 113,49 41
(30 blows = 5 57 g 153 235 315 483 570 568 725 113,42 113.5 40 41.0
per layer,
10 35 5 156 240  31C  47C 330 $15 810  1i2,3° 39
i1 36 52 153 245 325 993 573 685 750 1132, z4 a0
12 g2 184 242 352 350 665 675 622 960  1l4.0s 43
13 13 50 112 173G 252 426 520 623 744 112, 8 36
3,300 14 15 55 125 198 27C 400 S5CC 560 505 112, _ 36
V15 blows = 35 )1 47 16D 165 245 350 442 455 - 600 112,55 112,834 33.0
per layer) : : ‘
16 10 26. . 87 152 22C 325 347 387 400 112,35 30
17 10 42 G2 173 185 335 425 535 365 1127 3G
18 45 97 145 2uC 270 366 507 360 655 112,35 31

From CBR—UEnsity plot (Fig,4ma), (82 at 100 percent standard AASHU density is 65.0 percent,
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"Table C-6 CBR Test Result for Gas Burnt Picked Jhama; Gradation Z,

Compactive B Penetration load in psi required for penetrations Ory Avg, Correc- Avg,
effort, Span, in inches density dry ted CBR cor,
1b-ft/cft  #o, 0,02 0,04 0,06 ©.08 G,l0 0,15 0,20 0.30 0.40C lbs/cft density in % CBR
~ lbs/cft in %
1 142 350 552 7,55 993 1385 1576 2182 2490 120,3 107
14,300 2 128 332 522 750 958 1243 1437 1692 1905 116,7 108
(65 blows 3 150 385 640 746 1100 1487 1815 2346 126.9  121.3 120 115.5
per layer)
4 85 185 373 647 902 14335 1732 2076 2325 123.7 _ 119
5 145 365 618 842 1u6G 1405 1529 1905 22030 120.8 118
6 110 360 585 876  1G40 1485 1685 2100 2420 123.4 121
7 70 156 260 372 472 651 778 950 1092 110.6 55
6,500 8 53 141 256 337 500 715 877 1105 1253 114.1 60
(30 blows 9 52 148 285 350 465 T4C 945 248 1452 114,65 113,260 59,5
per layer)
16 62 148 252 337 500 742 9GS 1146 1285 62
11 75 175 360 352 504 642  BG3 980 1102 111,2 58
12 72 155 273 4904 508 740 952 1152 1385 li4.8 £2
13 48 105 203 284 351 473 548 640 667 108.0 40
3, 300 14 32 77 150 252 349 548 670 892 1038 111.9 50
(15 blows 15 36 83 156 250 332 552 730 902 1010 111.9 110,348 45,6
per layer) . .
16 43 123 263 300 376 510 607 724 780 138B,2 . as
17 53 14C 241 343 405 545 646 760 §O02 109.T 45
18 48 75 60 216 322 540 657 865 1006 112.1 46

LY TN P T

From CBR-density plot (Fig.,4m8}, C33 at 100 perceni standard AASHU density is 97,0 percent,
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Table C~-7 CBR Test Result for Urushed Stone; Lradation Z,

CDmpéc{ive Span Penetration load.in_psi required for penetrations Gry ' ﬁvg, CDrrEc- évgj
effort NO in incnes density dry ted CHR Cor,
’ - §.02 .04 0,66 w.,08 U.10 .15 ©.20 0,80 0,40 1bs/cft density in % CaR
lo-ft/cft SO
lbs/cft in 7
1 165 4u? 580 8G2  1u1l5 1430 1447 1960 2183 152,7 112
14,300 2 107 347 84 BUS  1G0L 133% 1863 1828 2110 131,23 1C8
{65 blows 3 135 356 5SS 792 1020 1215 1506 175G 1936 148.C  149,9  114 110
per layer) ,
4 116 325 530 741 935 1326 140G 1E12 1675 . 146.B 104
5 105 347 600 25 997 1302 1418 1720 1822  14G,2 167
6 163 345 513 798 1050 1400 1550 1635 1908 1459 115
7. 4B 182 290 400 515 72C  B25  1C4C 1145 1450 61
6,600 8 50 145 300 4tS 4% 815 933 1135 1222  147.2 66
(30 blaws 45 135 248 286 95 687 872 930 9382  145.5 1455 60 51,6
per layer)
1C 72 155 320 426. 348 748 8%7 1062 1138  145.6 62
1 46 126 224 402 486 TG4 81C . 296 1100 1454 58
12 47 135 280 405 532 747 §7S 1080 1212  145,6 63
13 18 78 156 252 355 S82  £38 642 750 142,39 49
3, 300 14 20 65 162 300  40C 620 750 655 1042 1449 56
i{
(15 blows = ¢ 15 g4 165 285 350 552 662 780 845  143,8 143,850 52,8
per laysr)
16 43 167 2065 303  4Cs 582 730 &c3 364 144,2 53
17 15 68 15§ 250 305 585 861G 721 760 143,38 49
18 35 74 136 3056 420 648 738 880 976 142.5 58

fFrom CHBR-density plot (Fig.44m), (53 at 100 percent standard AASHO density is 94,0 percent,
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Tacle C-8 CBR T=st Result for Coal 3urnt Picked Jhama Brick; Gradation Z,

Compactive 5Spn, Penetration load in psi regquired for peﬁetrations Dry Avg, Correc- Avg,
effort, No. in inches density dry ted CBR for.-
lb-ft/cft 0,02 0U.c4 0,06 ©,08 ©.10 G.25 ©,20 0,30 G.40 lbs/cft density in % CBR
: . lbs/cft in %
1 1G3 252 458 =50 787 1092 1230 1482 1652 119,6 86
14,300 2 5@ 248 450 642 743 1078 1241 1390 14389 120,58 535
(65 blows 3 16s 286 516 650 822 1155 1354 1691 1832 123,3 120.8 91 57.3
per layer) : |
. 4 97 218 503 552 B43 1145 1272 1537 1700 121.4 a1
5 98 270 419 655 800 1109 1268 1550 1746  119.5 90
£ 121 240 410 £00 772 1528 1176 1368 1498 12G,7 83
7 a6 105 202 282 395 522 567 701 850 112.9 a6
6,600 8 a7 96 205 400 401 4Gl 550 730 825 915 112.7 48 43.5
(30 blows 9 48 121 173 348 451 €52 778 - 978 1150  113,3° 54
per layer)
10 4G 160 160 233 320 460 650 847 942 111.9 40
11 51 112 2G0 320 412 578 746 B96 998 112.8 50
12 45 115 184 295 378 326 69C 800D BTl 112.6 47
13 15 47 150 194 262 423 538 524 670 110.9 37
3,300 14 17 58 115 175 250 415 468 568 588 111.C 34
(15 blows ;= 14 a4 91 161 225 370 470 547 620  107.3 108.9 3¢ 33.6
per layer) _ -
16 15 49 9 177 227 364 957 550 653 107.9 3l
17 20 64 126 200 275 425 - 533 648 730 106, 9 37
18 15 48 96 173 526 350 426 557 648 107.2 ' 31

From CBR-density plot (fig.4278), C5R at 100 percent standard AASHO density is 74,0 percent,
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Table C-9 CBR Test Result for First Class Brick, Gradation Z,

Compactive Span FPenetration lasc in psi required fTor pz=nstrations Dry Avg, Correc- Avg,
iffo:l‘;.f No. in inches — density dry ted cor,
b-7t/cft 6,02 ©.04 U.,06 0,068 0,10 0,15 G.26 0,30 0,40 1bs/cfi density CBR C3R
lbs/cft din % in %
1 10l 250 40S  S46 703 935 1162 1270 1365 1i9.1 78
14, 300 2 102 235 462  58G 747 1iuh 121U 1500 1652 116,3 B1
{69 blows
per layer) 3 98 241 410 550 712  1C1S 1098 1370 1565 116.¢ 117.0 .. 80 °© 79,0
- 4 100 253 419 562 722 995 1230 1480 1675 116.1 81
5 99 248 3350 550 648 950 1125 1315 1608 115.6 75
6 102 250 414 555 706 102§ 1126 1407 1622 118,17 79
1 42 77 180 200 2B6 455 545 6§72 765 112,86 36
6, 600 2 49 98 162 228 316 4BG 650 815 968  111.8 - 38
{36 blows 3 29 70 151 240 316 500 624 820 945 189.9 11G.8 ap 37.5
per layer) ‘ . .
4 22 76 153 247 312 455 572 778 846  109.0 39
5 28 78 155 210 338 450 562 673 780  110.1 36
6 30 75 147 212 313 407 568 710 765 111.2 35
1 25 a7 78 147 200 326 415 500 602  1il,2 28
" 3,300 2 22 51 160 132 225 327 430 505 595  10Y.4 29
(15 blows 3 13 28 62 152  20C 350 442 545 356  ius.2 108.9 30 29 0
per layer) .
: 4 12 47 106 150 222 367 472 550  65C  107.9 32
5 10 42 75 140 180G 360 405 495 510  107.8 27
6 11 43 73 145 198 315 400 S14 647  10B.9 28

From CBR-Density plot {Fig,428A )}, CBR at 100 percent standard AASHO density is 62,5 percent,
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Table C-10 CBR Test Result for Third Cless Brick; Gradation Z,

Compactive Span, HPenetration load %n PSi rzquired for penetraticns er . Avg, CorrEp— Avg,
effort No in inches density dry ted CBR Cor.
’ . 0,02 0,04 0,06 0,08 0,10 0.1% 0U.20 0,30 0,40 1lbs/cft densitv in % CHR
lb~-ft/cft s L
lbs/cft in %
1 15 210 315 41€ 540 755 Y40 11650 137¢ 11£,0 58.
14,300 2 &5 120 295 442 515  7U2 833 950 1045 117,21 57
(65 blaws 3 70 145 3206 3%0 483 723 897 GO0 1113 116.3 116,055 56, =
per layer)
: 4 64 1540 © 312 385 432 620 840 95 1145 114.G 54
5 §2 120 26¢ 375 5Ci 71C BG5S 1007 1l1G6C 11s.1 53
6 74 157 302 455 557 728 845 922 1048  115,¢ 62
7 25 75 130 205 270 445 525 7065 805 112.8 34
6,600 8 47 63 135 183 245 370 sSGG 635 720 111, 5 30
(30 blows 9 33 75 150 247 279 476 570 7la 796 115.5 110,75 37 33.4
per layer)
1G 37 76 148 208 282 447 563 647 75C 11C. 3 34
11 38 72 142 200 270 397 515 572 522 (9,3 , 33
12 36 76 150 20C 265 40C 520 600G 470 209 .3 32
13 15 45 75 122 180 300 375 520 580 109,39 25
3,300 14 10 32 77 165 180 282 38z 47 557 108.8 24
(blows = g 18 42 72 128 152 298 351 4BS 505 10g,1 108,223 23.5
per layer) . ,
16 16 28 74 120 138 255 312 375 403 107.7 21
17 26 45 g7 148 158 36s 382 477 548 107.4 26
18 10 28 65 112 163  25C 335 417 465 1C6.9 22

From CBR-density plot (Fig.,42¢8), CHR at 100 percent standard AASHO density is 42,0 percent.
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Table [-12 Liquid Limit Test Result

No, of ~ 12 T3 4 5
observation

No. of blows 9 12 18 v 41

20,5 19,5

-

[
[ ]

Jater content 28 ¢ 26,5 23,

The soil is non plastic

5



Table C-11

Hydromete

50il Sample: Material

mixture

r Analysis

s passing No,

in gradation Z,

141

40 sieve from soil-aggregate

Wwt, of dry soil = 50 gms, Specific gravity of soil = 2,67
N'e % finer = 60% = 0,60 Temp. = 320  Hyd, No, C02966,
Elapsed
Date Time R= R = R-R Z in D in N 1in N' in
in w w r % o
minutes cm m.m i
21,12.81 1/4 1623 -0,5 23.5 1,36 0,0926 75,33 45,19
1/2 1017 mo17.5 12,945 0,0699 56,10 33, 66
1 1012 " 12,5 14,215 0,052 40,0 24,0
2 1009 n 9.5 15,025 0,037 30,45 18,27
4 1005.5 " 6.0 14.83 0,0264 19,20 11,52
8 1C03 n’ 3.5 15,505 0,019 11,20 6.72
15 1002,5 " 3.0 15.74 0,014 9,60 5.76
30 1002 n 2.5 15,875 0,01 8,0 4,8
60 1001,2 " 1.7 16.1 0,00712 5.4 3.24
120 icpo,s M 1.3 16.23 0,005 4.16 2,496
240 1000,2 " 0.7 16.60 0,0036 2,24 1,34
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F Equipment and materials far the
Q& compsction of CBR molds

Fig,c-2 The mixture is ready for compaction)
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Fiu C-5 The specimens after being tested,




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160

