


















































































































































3.7.2 Experimental or Laboratory Tests

In conducting laboratory tests, the tests are carried by ordered step. The carried tests are
particle size distribution, the index properties that mean plastic limit and liquid limit, the

proctor compaction test, CBR tests, linear shrinkage, based on ASTM standard.

The first test carried is particle size distribution and conducting laboratory test of particle size
distribution for the sub base course is carried by wet sieving. Thus the laboratory experiments
were started by drying the samples and weighing the dried sample. Then the samples washed
with pure water to remove the dust particles or silt and clay particles. Those are very fine

particles which can pass 0.075 mm sieve when washed by pure water.

Then the sample dried by an oven to weigh the washed sample and to sieve in the standard

sieve sizes by ASTM and ERA specification.

Figure 3.9 Sieving the cinder materials
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Table 3.1 Particle size distribution of cinder material

Test method AASHTO T-27

Cinder /red ash/
trial 1 trial 2
total weight before total weight before
washing (gm) 7398.00 washing (gm) 7400.00
total weight after total weight after
washing (gm) 7302.00 washing (gm) 7283.00
sieve weight % % pass
size retained | retained weight % Specification
(gm) retained | retained | % pass | for sub base
63.0 0.000 0.000 100.000 0.000 0.000 | 100.000 100.000
37.5 143.000 1.933 98.067 | 556.000 7.514 | 92.486 70-100
20.0 | 2189.000 29.589 68.478 | 1580.000 | 21.351 | 71.135 50-100
4.75 | 3774.000 51.014 17.464 | 3612.000 | 48.811 | 22.324 30-100
2.0 684.000 9.246 8.218 | 915.000 | 12.365 9.959 17-75
0.425| 375.000 5.069 3.149 | 472.000 6.378 3.581 11-56
0.075 116.000 1.568 1.582 | 130.000 1.757 1.824 5-25
Total 7281.000 7265.000

From the gradation test the property of the material is founded and other engineering
characteristic of the materials were tested. The atterberg limit test conducted to get the plastic
limit. Modified proctor compaction did to derive the optimum moisture content and maximum
dry density. The CBR of the material were founded from the standard CBR for three different
compaction levels by ASTM manuals. Then the repeated load CBR used to investigate the

deformation were conducted steps given (Araya, 2011).
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Repeated load CBR laboratory tests to characterizing deformation

According to Araya (2011) To apply the test method in a standard CBR test machine in
routine road project tests the standard CBR loading rate i.e. 1.27 mm/min is adopted for both

loading and unloading and the following procedure is used:

e The specimen is loaded, at the standard CBR test rate (1.27 mm/min), to a
predetermined load or deformation level (for e.g. 2.54 mm). The load is recorded and
the specimen is unloaded to a minimum contact load of 0.1 to 0.3 MPa.

e The specimen is re-loaded to the same load at the same rate of loading 1.27 mm/min,
and released once more to the minimum contact load. The load level for each cycle is
therefore kept constant.

o These cycles are repeated for about 60 — 100 load cycles at which the permanent
deformation due to the last 5 loading cycles will be less than 2% of the total permanent

deformation at that point.
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Figure 3.10 Loading and deformation source: (Araya, 2011)
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3.8 Data processing and analysis

In data processing and analysis the initial step is studying the engineering properties of the
cinder material and weathered yellowish laterite. In studying the engineering properties of a
cinder and weathered yellowish laterite, the gradation and the index properties are studied.
The gradation properties of the material are the important variable that evaluated in the first
for the sub base course. The liquid limit and plastic limit are processed by the ASTM manual

and these engineering properties are evaluated by ERA 2013 standard specifications.

After evaluating the gradation of the material, the material stabilization did based on the
proportioning method of the graphical proportioning method. Then study the engineering
properties of the stabilized materials. The gradation, liquid limit, plastic limit, proctor
compaction test, CBR test and the shrinkage limit are processed by the ASTM manual and the

values are evaluated by ERA 2013 standard specification for sub base course.

Then the deformation is studied from the repeated load CBR test. The repeated load CBR did
for the 3 specimens for the 65 blows, 30 blows and 10 blows. From the test permanent or

plastic deformation and elastic deformation are recorded. The elastic and permanent

i

cle 1 permanent strain ‘resilient strain
CHCEC cycle 1 to 50 cycle 50

deformation was studied as in figure 3.11.

stress
r load cycle number

1 3 10 20 50

permanent strain| W
cycle 1

resilient strain—

strain

.Figure 3.11 Stress—strain behavior for granular materials under repeated CBR loading source:

(Ariel, 2002).

The results of repeated load CBR are processed by the MS — Excel to get the permanent
deformation and resilient deformation and the data processing and analysis the descriptive
statistical technique in the form of graphical and tables that can relate the results with the other

scientifically results.
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4. RESULTS AND DISCUSSION

The road construction requires standard materials which can resist, distribute and transfer the
load to the next layer. Therefore, studying the engineering properties of the materials is very
necessary to use the materials in a construction site. The cinder material has its own

engineering properties that help to use the materials widely.

4.1 Engineering properties of cinder materials and weathered yellowish laterite
Studying the engineering properties of a cinder and the weathered yellowish laterite is

essential to use the materials as sub base course in road construction.

4.1.1 Engineering properties of cinder materials

4.1.1.1 General

The cinder material is naturally occur material. Locally the material is used as a base course

for the cobblestone site.

Figure 4.1 Occurrence of the cinder material

The color of the cinder is different from the site to the site as discussed in the literature. And
the material strength is differing from site to site. The used cinder material in this thesis is red

in color and locally the material is called as red ash.
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4.1.1.2 Gradation

Table 4.1 Gradation of cinder

) trial 2
trial 1
total weight bef hi 7598.000
total weight before washing 7612.000 Ol WEIEHE betoTe Washing
weight
_ ) sieve retained | %
sieve welght ) size (gm) retained | % pass
size retained (gm) | % retained % pass
63.000 0.000 0.000 | 100.000
63.000 0.000 0.000 100.000
37.500 | 253.000 3.330 | 96.670
37.500 143.000 1.879 98.121
26.500 | 501.000 6.594 | 90.076
26.500 214.000 2.811 95.310
20.000 | 1580.000 | 20.795| 69.281
20.000 2189.000 28.757 66.553
4.750 | 3612.000 | 47.539 | 21.743
4.750 3774.000 49.580 16.973
2.000 | 915.000 | 12.043 9.700
2.000 684.000 8.986 7.987
0.425 | 472.000 6.212 3.488
0.425 375.000 4.926 3.061
0.075 | 130.000 1.711 1.777
0.075 116.000 1.524 1.537
Pan 0.000 0.000 1.777
pan 0.000 0.000
7463.000
Total 7495.000

The cinder materials have a good gradation in upper sieves and that it has some part of coarse
gravel 75 mm to 20 mm and medium gravel 20 mm to 6 mm and fine gravel 6 mm to 2mm.
The material with a good composition of gravel fraction is used in pavement to give the

strength and increase the serviceability of the road.

The cinder materials gradation or the percent pass starting decreases in the 4.75 sieve. Thus
show the cinder material is lack of the sand fraction whose range is in between 2.0 mm and

0.075 mm. The coarse sand ranges from 2 mm to 0.6 mm. Medium sand range from 0.6 mm to
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0.2 mm and fine sands range from 0.2 mm to 0.075 mm. The grain to grain contact of the
material in road structure increases the load carrying capacity of the layer. Thus the grain to
grain contact of material used to transfer the load and the sand fraction helps the gravel
fraction by holding them in place when transferring the load to the next layer. As discussed in
the literature the sand fraction in the material increases the shear resistance of the material.
The shear strength of a material increases when the material has a good angle of friction and
cohesive resistance. The material has a good angle of friction if the grain material stays in
their original place and do not show more deflection. Therefore, the shear resistance character
of the cinder material is affected by the sand fraction. The angle of friction of a material has

direct effect on the material mechanical behavior.

The sand friction in the gravel material is filled in the voids between the gravel materials. The
fill in the void part of the gravel material makes the material to be stable. And also it is uses in
the sub base course in the worst or rainy seasons. The water can simply percolate the gravel
material with void material and have effect of frost action. Thus, it causes the formation of
high deformation and minimizes the performance of the road structure. Therefore, the sand

fraction can minimize the percolation of the water when the structure compacted well.
4.1.1.3 Plasticity characteristic

The cinder material is non plastic material. However, there are some proportion of fine
materials the cinder by its nature has not the plasticity characteristics. That means its liquid
limit cannot be determined because the fine materials cannot stay on the Atterberg Device
That means the material has not cohesive property by nature. The cinder material has not the

ability to stick together. Not only in laboratory tests, checking the material by the hand.

By confining the cinder gravel, it can increase the shear strength of the material. The strength

of a material is enough to resist the coming stress from the applied load. (Newill et al., 1980)
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4.1.1.4 Loss of cinder material

Table 4.2 shows the loss in cinder material. Thus, cinder material has a minimum percentage

of silt —clay fractions. Thus, the silt clay fraction contains the particles less than 0.075 mm.

Table 4.2 Loss of cinder sample

trial 1 trial 2
Total weight before washing (gm) | 7612 7598
Total weight after washing (gm) 7495 7463
Total lost (gm) 7612 - 7495 =117 7598 - 7463= 135
Loss by % (117/7612)*100 = 1.54% | (135/7598) = 1.77%

The coarse gravel material has a porosity of its surface. But the gravel less than coarse gravel

low porosity. The porosity character of the material affects the performance of the material in

the field at rain season. The porous part of the material has the ability to hold the water in the

porous and thus it has a direct effect on the performance of the material.

4.1.1.5 Material classification

The material classification is based on AASHTO classification of soils and soil aggregates.

General
classification

Group classification

Sieve analysis
(percentage passing)
No. 10
No. 40
No. 200
Characteristics of fraction
passing No. 40
Liquid limit
Plasticity index
Usual types of significant
constituent materials

General subgrade rating

Granular materials
(35% or less of total sample passing No. 200)

A-1 A-2
A-1-a A-1-b A-3 A-2-4 A-2-5 A-2-6 A-2-7
50 max.
30 max. 50 max. 51 min.
15 max. 25 max. 10 max. 35 max. 35 max. 35 max. 35 max.
40 max. 41 min. 40 max. 41 min.
6 max. NP 10 max. 10 max. 11 min. 11 min.
Stone fragments, Fine Silty or clayey gravel and sand
gravel, and sand sand

Excellent to good
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Figure 4.2 AASHTO soil classifications source: (Arora, 2004)

To classify the material first it was checked the percentage passing of No. 200 sieve or 0.075

mm. In two trials, the ratio that passed no 200 sieve is:
In trial 1 (117/7612)*100=1. 54%  and in trial 2 (135/7598)=1. 77%

Therefore the material is generally classified as granular materials that 35% or less of total
sample passing No. 200 sieve. And in group classification it has no plasticity index or zero and
in both case the percentage passing in No. 200 is less than 15, in No. 40 percentage passing is
less than 30; hence: the material is classified as A-1-a. Thus, the material is rated as excellent.

That the cinder material has a very good strength and a material is appreciable in strength.

4.1.1.6 Evaluating cinder gravel for sub base

To use the material for the pavement structure it is necessary to check it for the specification
given by manuals and researches. Thus, the specifications are developed from the experiences,
and a lot of trials. To use the material for the road structure additional criteria developed that is
the mechanistic approach. Therefore, testing the material mechanistic empirical character

increases its performance.

In the selection of the materials for sub base there are a lot of choices are given to the
pavement designers. But it needs characterizing and evaluating the materials with the standard
given. To get a good performance the material should have characterized for developed by the
experienced workers and professionals. Ethiopia road authority gives the material for the road
sub base construction are natural gravel, scoria (cinder gravel), and weathered rock, crushed
gravel, crushed rock or crushed boulders, recycled pavement material and any other granular
material complying with the requirements. Therefore, the standard helps us to use Scoria or

cinder gravels material for the road sub base.
Gradation

The gradation or particle size distribution and shape are the factor for the sub base material,
which in turn affects another engineering property of the material. ERA, 2018 recommends
well - graded material with a smooth continuous grading within the limits given by blue color

in figure 4.4. For natural gravel material the standard gives wide grading range. The well
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graded materials have all sized particles in appropriate ratio. Thus uses to compact and fill the

voids and to give a good performance.

Gradation of Cinder against ERA 2013 specification for sub base trial 1
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Figure 4.3 Gradation curve for the cinder gravel material for trial 1 and 2, respectively
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Figure 4.3 show that the material cannot attain the requirement of the sub base specification
standard. That means it is lack of fine gravel that less than 6 mm and sand fractions between 2
mm to 0.06 mm. And the material is not well graded and it is gap graded. That the curve is

steep and the slope is very high.

From the material gradation and literatures before these material is lack of sand fraction. But
According to Yoder et al., (1975) an aggregate that contains no fines usually has a relatively
low density and in sufficient fines to fill all the voids. Thus, its density is low and its
permeability is high. An aggregate that contains sufficient fines to fill the voids between the

aggregate will still gain its strength from grain contact but with increased shear resistance.

The cinder materials is very hard to compact because the sticking property of soil particles
more closely together and impossible to increase the dry density of the soil. It is cohesion less
material that limits the use of the material for road construction. As the gradation of cinder
cannot satisfied the gradation requirement of sub base, therefore another specification

requirement cannot undergo.

Therefore, to use the cinder gravel for road construction as sub base, it needs improving the
engineering characteristics of materials. As this material occurs naturally and locally in many
parts of the country it has to be improved and marginalizing it is necessary. To overcome the
problem of gradation, and plasticity characteristics the material with good plastic and highly
composed of fine material is needed. The weathered yellowish laterite has good plasticity

characteristics and fine materials; therefore, it can improve the problem.

4.1.2 Engineering characteristics of weathered yellowish laterite

4.1.2.1 General

Laterite is the product of a humid tropical weathering process, current or past, which has the
following effects: The parent material is chemically enriched with iron and aluminum oxides
and hydroxides (sesquioxides), the clay mineral component is largely kaolinitic and the silica

content is reduced.

The above processes usually produce yellow, brown, red, or purple materials. The weathered
yellowish laterite is naturally occurring material. It is a soft material that any iron instruments
cuts, dig up and cut into the shape wanted with a trowel, or large knife.
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The visual color of the material is yellow, and therefore, it is named as weathered yellowish
laterite. According to Aginam C.H et al, (2015) the Lateritic soil is weathered materials and
altered residual soils formed by the in situ weathering and decomposition of parent rocks, and
also the materials may have red, yellow or brown color. The mineral composition is affected
by the parent rocks. It is defined as laterite is a highly weathered tropical soil rich in secondary

oxides of combination of iron, aluminum and manganese.

Pinard et al., (2014) discussed the variety of soils and their uses for road construction. In use
of laterite for road construction, all types of laterite formed by weathering can not be used. As
reviewed in the review of specifications for the use of Laterite in road pavements lateritic soil
confines the material to a fairly small group of red soils that harden irreversibly on exposure
(described as red clay used for air dried brick production) to any variety of reddish, iron rich,
tropical residual soils. That means the material cannot undergo the recoverable deformation so

that the material cannot meet engineering requirement.

The engineering properties of weathered yellowish laterite incourages to use the material in

road construction. Thus, this research study did focus on the weathered yellowish laterite.
4.1.2.2 Occurrence and schematics of weathered yellowish laterite

According to the review of Pinard et al., (2014) in specification for the use of laterite in road
pavement states that laterite materials is a type of residual soil. And that the laterite material
occurs extensively in the humid tropical and subtropical zones of the world. Ethiopia found in
the humid tropical zone. The weathering of laterite is carried by the climatic condition. Parent

rocks weathered and decomposed under tropical and subtropical climatic condition

The specific area of the study that kacha birra woreda lie in between 7°9'0" - 7°18'0"N and
37°42'48" - 37°50'30.6"E. That is in between 25° which is used to classify the place as tropical
area. The study area is characterized by mind land (1500-2300 m.a.s.]) were considered, for
they are important regarding the area coverage and population size. Average temperature (°c)
and annual rainfall of the area range between 23 °c to 16 °c and 800 mm to 1200 mm rainfall
(Tadesse et al., 2017). According to Gidigasu, (1976) the climatic condition of the steady area

means the rainfall and temperature shows the laterite is formed in the zone.
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Figure 4.4 Natural occurrence of weathered yellowish laterite

The weathered yellowish laterite has some percentage of rocky materials that remained in the
weathering process. This shows that < 50% of the sample has rock, therefore, the material is
highly weathered laterite (Pinard et al., 2014). When the rock is exposed to high weathering
process, percent of fine material increase. This occurs because of the original rock material is

disintegrated to fractions. The visible rocks are materials retain on the number 20 sieve.

Figure 4.5 Rocky materials in weathered yellowish material

Laterite is a soil and rock type that rich in iron and aluminum and occur mostly in tropical and

sub-tropical regions with hot, humid climatic conditions (Deboch, 2018).
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Figure 4.6 Schematic occurrence of yellowish weathered laterite above moderately weathered
rock
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Figure 4.7 Schematic occurrence of weathered yellowish laterite

Figure 4.7 shows the highly weathered materials that found above the moderately weathered
materials. According to Pinard et al., (2014) the laterite are the process of weathering and its
schematic representation shows that the weathered yellowish laterite is highly weathered. The
weathered yellowish laterite occurred in layer form, thus it is not very complicated to

differentiate.
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4.1.2.3 Plasticity character

The plasticity character of the weathered yellowish laterite is the deformation characteristics
of the material. That it is the range of water content for which a soil will behave as a plastic

material (deformation without cracking).

Plasticity Index = Liquid limit — Plastic limit ................c..cii . Equation 1
Liquid Limit
33.50
;\? 33.00

30:00 \

15 20 25 30 35

no of blows

Figure 4.8 Liquid limit graph of weathered yellowish laterite

The liquid limit of the material is the moisture content at 25 no of blows. Results indicated
31.47%.

PI=LL-PL

Table 4.3 Plastic index of weathered yellowish material

LIQUID LIMIT : (%) 31.47

PLASTIC LIMIT : (%) 20.66
10.8

PLASTICITY INDEX : (%)
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The material plastic index resulted to 10.8%. Therefore, the material is classified as medium

plastic material. It is because the plasticity of a material index is found in between 10 — 20,

according to AASHTO, 1993.

The weathered yellowish laterite has a good plasticity character. That it has a good bonding

character. The plasticity of the weathered yellowish material is enough good to stick together.

The cohesiveness of a material shows the ability to stick together. Soil, because of its fine-

grained content will form a coherent mass at suitable moisture contents.

4.1.2.4 Gradation of weathered yellowish laterite

Table 4.4 Weathered yellowish laterite gradation

Weathered yellowish

trial 1 trial 2

Total weight before washing | total weight

8900.000 before washing 8852.0
total weight after washing | total weight after washing
7251.00 6653
sieve weight % % pass weight
size retained | retained retained | % retained | % pass
63.000 0.000 0.000 100.000 0.000 0.000 | 100.00
37.500 0.000 0.000 100.000 0.000 0.000 | 100.00
20.000 | 266.000 2.989 97.011 | 116.000 1.310 | 98.690
4.750 | 2234.00 | 25.101 71.910 | 2000.00 22.594 | 76.096
2.000 | 1503.00 16.888 55.022 | 1365.00 15.420 | 60.676
0.425| 1963.00 | 22.056 32.966 | 2103.00 23.757 | 36.918
0.075 | 1285.00 14.438 18.528 | 1069.00 12.076 | 24.842
Total 7251.00 6653.00

The weathered yellowish laterite is a very appreciable in its fines content character because the

material is highly weathered. Gradation depends on the amount of weathering of the material.

Highly weathered materials are composed of fine materials. From Table 4.4 the materials are
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composed more of sand fraction materials. Rather, the weathered yellowish material is
composed of sand fraction materials. The sand fraction of a material composed of particles
between the sizes of 4.75 mm and 0.075 mm. Sand fraction materials are essential if there is
sufficient amount of coarse and medium gravel particles. The sand fractioned material uses by

increasing the shear resistance of the grain material when transferring the load.

4.1.2.5 Loss of weathered yellowish laterite

Figure.4.9 Preparation of weathered yellowish laterite for wet sieving

Table 4.5 Loss for weathered yellowish laterite

For trial 1 For trial 2
Total weight before washing (gm) | 8900 8850
Total weight after washing (gm) 7251 6653
Total lost (gm) 8900-7251 = 1649 8850- 6653 = 2197
Total lost (%) (1649/8900)*100 = (2197/8850) = 24.82%
18.53%

Table 4.15 the result showed that the weathered yellowish laterite has more percent of silt
clayey fraction that passes the 0.075 mm sieve size. Increase in excess amount of friction is

not very necessary, rather in a good composition is very necessary.
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4.1.2.6 Gradation of weathered yellowish against the specification

Gradation of weathered yellowish laterite against ERA 2013
specifications of sub base
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Figure 4.10 Gradation curve weathered yellowish material for trial 1

Based on the laboratory test results, the weathered yellowish laterite satisfied the gradation
requirement for sub base limit showed by blue color in Figure 4.10. However, these materials
meet the gradation but it has no or very minimum content of boulder (coarse gravel and
medium gravel) particles to carry the load in wet condition and to transfer the load by grain to
grain contact. That it cannot resist the load from the upper structure and cannot transfer load

from one to another grain.

From the gradation curve, it indicated that the material has more fine that has effect on the
performance of the structure. The sand fraction cannot transfer large load rather it displaced
from the place and decrease the load carrying capacity of the structure. Increasing the % of

gravel can improve the carrying capacity of the material.

Ethiopia road authority standard specifications 2013 did not recommend the using of

weathered materials for the sub base construction in its natural condition, unless it is modified.
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4.1.2.7 Classification of weathered yellowish laterite

The material classification is based on AASHTO classification of soils and soil-aggregate
mixtures. To classify material first evaluate the percentage passing of No. 200 sieve. That in

both trials the ratio that pass no 200 sieve is
In trial 1 (1649/7398)*100 = 18.53%  and in trial 2 (2197/8850) = 24.82%

Therefore, the material is generally classified as granular materials which 35% or less of total
sample passing No. 200 sieve. And in group classification it has a plasticity index of greater
than 10, in both case the percentage passing in No. 200 is less than 35 and the liquid limit of
maximum 40 the material is classified as A-2-6. Thus the strength is low than cinder but by

itself it has a good strength.

Therefore blending the cinder material with the weathered yellowish material is a good
solution to improve the engineering behavior of the materials and to use them as the sub base

course in road construction.
4.2 Stabilizing the cinder and weathered yellowish material

4.2.1 Proportioning the cinder and weathered yellowish material

As discussed in the literature there are 4 types of stabilization technique to change the
character and increase the performance of the material. From these 4 techniques mechanical
stabilization is used in this research because the problem of cinder material is gradation
problem. Mechanical stabilization is best technique to change the particle size distribution of

the material. Thus did by proportioning of the materials to be blended.

Proportioning the mixtures used to determine the satisfactory when tested in the laboratory. In
proportioning the cinder and the weathered yellowish laterite the specification of gradation is
used. The stabilization of the materials did by arithmetic or graphical method for mechanical
stabilization. To give the chance for more investigation the graphical method is used. By
considering the strength and classification characteristics of the cinder and weathered
yellowish laterite the graphical proportioning gives different proportioning levels. Therefore,

for further investigation it is the best suitable method.
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Proportioning by graphical method

In graphical method the cinder is plotted at right and labeled as material B where as weathered
yellowish laterite material is plotted at left labeled as material A. For both materials the
percentage passing of the material is plotted at left and right for weathered yellowish laterite

and cinder material, respectively.

For lower limit or the right limit, it was combined by considering the percentage pass of No.
40 or 0.425 mm sieve. Its specification is 11- 56, but evaluation is done with the lowest value

thatis 11.

Table 4.6 Trial combination for lowest value

% pass of 72 %of cinder | 73%of cinder | 74%o0f cinder

% pass of | weathered and 28 % of and 27 % of | and 26 % of

Cinder in | yellowish laterite | weathered weathered weathered
Trial 0.425mm | in 0.425mm yellowish yellowish yellowish
combination | sieve. sieve. laterite laterite laterite
1x1 3.149 32.966 11.498 11.200 10.901
1x2 3.149 36.918 12.604 12.267 11.929
2x2 3.581 36.918 12.915 12.582 12.249
2x1 3.581 32.966 11.809 11.515 11.221

From the Table 4.6 the proportion that % of pass satisfies the given minimum specification
range is 73% of cinder and 27% of weathered yellowish laterite. If the proportion of cinder is
72% that means it is going decrease and the percentage of weathered yellowish is 28% that
means it is going increase, the stabilization going satisfies the specification that give the value
greater than 11. If the proportion of cinder is 74% that means it is going increase and the
percentage of weathered yellowish is 26% that means it is going decrease, the stabilization

cannot satisfies the specification that give the value less than 11.
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For upper limit or to the left side limit percent passing in No. 200 or 0.075 mm sieve is
recommended and the limit in the specification is that 5-25 percentage of passing, so it was

used a value of 25% because it the upper value.

Table 4.7 Maximum proportion

Proportion of the cinder

material and weathered Highest value for
Trial yellowish that pass 0.075 mm No. 200 sieve or
combination | sieve in trial combination 0.075 mm.
1x1 1.582*0 + 1*18.528 18.528
1x2 1.582*0 + 1*24.842 24.84
2x2 1.824*0 + 1*24.842 24.84
2x1 1.824*0 + 1*18.528 18.52

In this case the upper limit is O for cinder and 100 for the weathered yellowish material. Thus
From combination of the four trials for the lowest minimum value the combination of trial 1x1
governs. Thus, the cinder material composed of 73% of and 27% of weathered yellowish

laterite.
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Figure 4.11 Graphical method proportioning

Therefore, to practical case 70% of cinder and 30% of weathered yellowish material are used

as optimum in this research.

If by adding a certain percent of other materials, let’s say < 20% is said to be modifying, but if
>20% it is said to be mixing of a material (ERA, 2013).

4.2.2 Studying the engineering properties of the stabilized materials.

4.2.2.1 General

Studying the engineering properties of the stabilized cinder and weathered yellowish laterite
incorporates the potential use of the material in the road construction. The stabilized materials
showed good engineering properties from their unmixed condition. The materials are mixed
by weight that means weight cinder is 70 % and 30% of the weight is from weathered
yellowish laterite. If 100 kg material is needed 70 kg of the material is cinder that of

weathered yellowish laterite is 30 kg.
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Figure 4.12 Mixing cinder material with weathered yellowish material
4.2.2.2 Evaluating for sub base
Gradation

Characterization of the stabilized material based on particle size is the first step to check the
material for the road construction. That it can be checked for other tests if the gradation of

material meets.

Gradation of stabilized material against ERA 2013
120 - specification for sub base
00 - —>
5 -
gy -
= —&—Upper limit
("]
% 60 - = Jil= = %pass
o
4 == [ower limit
S 40 -
o
& 20 -
0 T T 1
0.1 1 sieve size (mm)10 100

Figure 4.13 Gradation curve for the stabilized curve
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The gradation requirement is full filed for sub base when the cinder mixed with weathered

yellowish laterite. The gradation of the stabilized material is now best fit the gradation curve.
Evaluating the curve is well graded or gap graded

A curve with a hump represents the soil in which some of the intermediate size particles are
missing. Such as is called gap — grading or skid — grading.

A flat S — curve represents a soil which contains the particles of different size in good

proportion. Such a soil is called a well — graded (uniformly graded) soil (Arora, 2004).

According to Arora the uniformity of a soil is expressed qualitatively by a term known as

uniformity coefficient. That it is the material uniformity percent.

Cy given by

D60

Uniformity coefficient Cu = o0 2 O Equation 2

Another parameter to describe the particle size distribution curve is Coefficient of curvature

(Cc) and it is given by the formula

(D30%)
D10%D30

Coefficient curvature  Cc = I - > Equation 3

Where

Dgo is the diameter of the soil particles for which 60% of the particles are finer,
Dy 1s the diameter of the soil particles for which 10% of the particles are finer and
D3 is the diameter of the soil particles for which 30% of the particles are finer

The 60% finer found in between 20 and 4.75 sieve size. 30% finer found in between 2 and

4.75 mm and 10% finer found in between 0.425mmand 0.075mm sieve sizes. By interpolation
For well graded  gravel content > sand content Cu 2 4; 1< Cc2 3

Sand content > gravel content Cu = 6; 1< Cc2 3
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Dgo =10.404, D3¢ 1.857= D;p=0.121,

D302 1.85742 . .
Ce=-230) __( L _ 2721 the gradation curve is very good.
D10+D30  0.121%1.8574

Cuz 6 and 1< Cc2 3 the material is well-graded and the sand content was greater than

gravel content.
Plasticity character

The plasticity character of the stabilized cinder and weathered yellowish laterite shows
deformation characteristics of the material. That it is the range of water content for which a

soil will behave as a plastic material (deformation without cracking).
PI=LL — PL, but PL = cannot be determined the material is non plastic material.
Moisture Density relationship

Compaction may be defined as a process of increasing the soil unit weight by forcing the soil
solids in to a denser state, reducing the air voids. It is accomplished by static or dynamic loads.
Many types of earth construction such as dams, embankment, and highway and airport
runways require soil fill which is placed in layers and compacted. A well compacted soil is
mechanically more stable, has a high compressive strength and high resistance deformation

than a loose soil (Molenaar, 2005).

Compaction is a process by means of which the soil can be densified. In soils there are some
amount of air and water besides solid grains. Theoretically the density of soil can be increased
by reducing the space occupied by the air and by elastic compression of soil grains. It means
compaction takes place due to expulsion of air from the voids of the soil mass by applying any

mechanical means

The purpose of the laboratory test is to determine the proper amount of moulding water to be
added when compacting the soil in the field and the degree of compaction comparable to that

obtained by the method used in the field.
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It was done by standard and modified compaction test. In this research study, it was used

modified proctor compaction test.

The optimum moisture content is the amount of moisture content at which specified amount of
compaction will produce the maximum dry density. Dry density is the mass of the dry material

after drying to content mass at 105 degrees Celsius.

Table 4.8 ‘Modified Proctors’ compaction tests

Type of test Hammer | Hammer | Blows Number | Compaction
mass drop (m) | /layer of layers | energy
Kg) (Kg/em®)
Modified 4.5 0.45 56 5 2700
proctor
~ - i : : - ™
1.800 Moisture - Density Relationship
1.790
Pr i
1.780
1.770 S A\
1760 YA0.00 xv*G.lJ.Sx-rl.N
g 1740 7 130557
= 1.730
> 1720 /
£ 1710
£ 1700 -
s :
e 1.690 /
Z 1680
1.670 A
1.660
1.650
1.640
50 60 70 80 90 100 110 120 13.0 140
9 Moisture Content (%) )

Figure 4.14 Maximum dry density and optimum moisture content graph

From Figure 4.1 equation the optimum moisture content is 10.7% and the maximum dry
density is 1.786 %. It means the stabilized cinder material get its maximum dry density when
the added amount of water is 10.7 % of the material weight. If it is used 10kg sample of

stabilized cinder, the water content to be used is that 1070 mill-liters.
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California Bearing Ratio (CBR)

California bearing ratio is the ratio of force per unit area required to penetrate into a soil mass

with a circular plunger of 50mm diameter at the rate of 1.25mm/min.

The laboratory CBR test is generally carried out on remolded samples. The sample should be

compacted to the expected field dry density at the appropriate water content.
Types of CBR are one point CBR and three point CBR

Their difference is in the number of molds and layers. If the process is within one point CBR
the value is expected 100%and required one mold and 56 blows 5 layers, within three points

CBR

Value is expected greater than 95% - 100% .and required three molds, 10 blows 30 blows and
65 blows

Performing CBR value has three steps -CBR compaction
-CBR socking to know percentage of swelling
-CBR penetration

The percent retain in number 20 sieve is 19.5 % that is less than 25 % the standard molds and

standard plunger area used in the test.
The standard molds are within an internal diameter of 152.4+ 0.66 mm and a height of 177.8
+ 0.4 mm with a colar height of 51 mm.

load at ( 2.54 mm or 5.08 mm penetration
CBR value = L 2 ) %100

................................. equation 4
standard load

__ Testload
standard load

*100

Table 4.9 Standard load /pressure

Penetration standard
(mm) Load (kg) Pressure (MPa)
2.54 1370 6.9

5.08 2055 10.3
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The stress of the test is derived from the dial reading. The dial reading is a reading from the
CBR instrument. The CBR instrument reading was changed to the load by a ring factor of
43.1152N/D that a force required to cause a circular piston that has an area or cross-sectional
of 1935 mm? to penetrate the soil from the surface at a constant rate of 1.25 mm/min. the

results are at appendix C.
Stress =43.1152 /D * Dial reading .........c.cooieiiiiiiiiiiii e, equation 4

And D = 1935 mm?

stress -penetration result from CBR
12.0

10.0

&
o

=@=10 blows

=30 blows

Stress (M Pa)
(o)}
o

4.0 65 blows

2,0 W¥

0.0 5 .

penetration (mm)

Figure 4.15 Stress - Penetration graph

Figure 4.15 shows highly compacted materials are penetrated by a large force. Thus the same
level of penetration let us say 4 mm penetration is reached at different stress level for the three
compaction level. If the material is compacted well or that means if it is hard it cannot
penetrated simply with a less amount of load. To get a maximum penetration from highly
compacted material the stress level should be high. It means that the densely compacted

material can resist a large amount of stress.
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Table 4.10 Dry density and moisture content

Before Soaking After Soaking
Blows DD Moisture | DD | Moisture
(g/ce) (%) (g/ce) (%)
10 1.497 10.4 1.64 11.1
30 1.661 10.8 1.69 12.5
65 1.821 10.6 1.85 13.2

Soaking the sample in water uses to estimate the worst case that happens in road structure at
the field. If the material is not designed to the worst condition the material cannot resist the

situations happened on the site. To consider the worst case the sample was soaked for 4 days.

According to ERA manual, for the sub-base material the minimum soaked California Bearing
Ratio (CBR) shall be 30% when determined in accordance with the requirements of AASHTO
T-193. The Californian Bearing Ratio (CBR) was determined at a density of 95% of the
maximum dry density that AASHTO gives 95% to 100% when determined in accordance with
the requirements of AASHTO T-180 method D.

So that, the 95% of maximum dry density of the sample founded by multiplying the maximum
dry density that is 1.786. It means a compaction attained in filled is 95% of the relative

maximum dry density in laboratory.
95% of MDD = 0.95 * 1.786

95% of MDD = 1.7
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density - CBR graph
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Figure 4.16 Density — CBR graph

From the Figure 4.16 the CBR value at 95% dry density or 1.7g/cc is the CBR value is 44%.
Therefore the soaked CBR value is 44 % that used to design purpose. It is greater than 30 %

that safe for sub base.

SWELLING

Swelling is the process opposites to consolidation. That means it is expansion of a soil on

reduction of pressure due to water being drawn into the voids between particles.

Reading after soaking - Reading before soaking,, 100
Height of specimen

% swell =

......................... equation 5

Height of specimen is considered as 4.584 in given AASHTO T- 193
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Figure 4.17 Density — swell curve

From the graph the swelling at 95% maximum dry density that is 1.7 g/cc is 0.16%. That
means the stabilized material swells at 0.16% when harsh case encountered. The volume of the

stabilized material increases by 0.16%. That is less than 0.2% that is safe based ERA standard.

Flakiness index

The flaky particles are undesirable because they cause inherent weakness with possibilities of
breaking down under heavy loads. The flakiness index of an aggregate sample is found by
separating the flaky particles and expressing their mass as a percentage of the mass of the
sample, the test is applicable to material passing a 63 mm sieve and retained on a 6.3 mm

sieve.
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Table 4.11 Flakiness index calculation

Sieve analysis Gauging

Sieve size | Wt. ret Gauge range | Wt. of sample

(mm) passing the gauge

50 63-50

37.5 50-37.5

28 433.6 37.5-28 82.3

20 952 28-20 303.2

14 1483.9 20-14 472.2

10 622 14-10 10.3

6.3 261 10-6.3 120.5

Weight  after | 3752.5 Combined wt, | 988.5

discarding 5% M3

or less ,M2
FI=(M3/M3) X 100. ... it e e e e, Equation 6
Where: FI = Flakiness Index

M,= Total mass of all fractions retained on each sieve

M;= Total mass of particles passing the slots
F.I=(988.5/3752.5)*100 = 26.34% < 35% given by ERA standard specification.
The flakiness index of the material is 26.34% that means the material is not flaky for the sub
base. It means that the breaking down of the material when the load is applied does not

significantly damage the road structure.
Linear shrinkage

The linear shrinkage test offers a convenient method to confirm that the test results for the
plasticity index are reasonable. Most types of soil exhibit a relationship between the plasticity
index and the linear shrinkage of the material. The linear shrinkage is considered a more

reliable indicator than the plasticity index for materials with very low plasticity (Eshete,

2011).
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LS =(1- %) 00 e e equation 7

Where, Lpis the length of the oven-dry specimen (mm)
Lo is the original length of the specimen (mm)

Lp=138.7 mm, Lo = 140 mm, Ls = (1-138.7/140) * 100 = 1.94 % < 6 it is suitable because it
is in the recommended range by ERA 2013 specification.

The stabilized cinder material with weathered yellowish laterite satisfied the density and
strength standard specifications of ERA, 2013. Therefore, the stabilized cinder can be used as

sub base material for the road structure.

4.3 Effect of compaction on resilient deformation and permanent deformation

characteristic
4.3.1 General

The mechanical behavior of the materials shows the response of the materials when subjected
to the traffic loading. The mechanical value is the best used to select the material in its

performance.

As the load is applied the stress increases also the strain increase. When the stress is reduced,
the strain also reduces but all the strain is not recovered after the stress is removed. The total
strain consists the recoverable/elastic/ or resilient and non-recoverable or permanent.
Repeated load CBR is used to determine the resilient deformation and permanent deformation
of the material.

The resilient modulus is a fundamental property that is similar in a concept to the modulus of

stress
strain’

elasticity. Resilient modulus = stress = loads/area of the specimen and strain =

recoverable deformation/original height. However, this result is known from the tri—axial test.
As it discussed in literature part using the repeated load CBR test we can assess the

deformation formed in the pavement structure.

In this research, the laboratory test is carried out by the result of stabilized material of 70%

cinder with 30% of weathered yellowish laterite content the repeated load CBR.
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The repeated load CBR was done by three compaction, those are 10 blows, 30 blows and 65
blows. For all cases the un-loaded case used stress is 0.1 Mpa that is to simulate the over

laying thus it shows the condition of layer in field. The test is unloaded for about 9 seconds.

The test is loaded for about 1 second (Nagula et al., 2017).

To simulate the loading condition in the field, it was used to that the stresses in 2.54 mm. The

stress of the 10 blows, test is 1.19 Mpa, 3.15 Mpa for 30 blows and 6.82 Mpa for 65 blows.
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Figure 4.18 Laboratory test result of no 30 blows
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Figure 4.19 Repeated load test result of 10 blows.
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Ms- Excel results Figure 4.18 and 4.19 which illustrates the load — deformation relation for
both the initial loading, i.e. standard CBR loading, and the repeated load cycles. It also shows
the hysteresis loop between the loading and unloading curves and how the permanent
deformation per cycle decreases as the number of loading cycles progresses. This figure
demonstrates the fundamental stress — strain behavior of unbound granular materials under
repeated loading (Araya et al., 2011). Thus, the repeated load CBR graph shows loading and
unloading. That used to predict the resilient deformation and permanent deformation. That the

deformation or the penetration going over one on another repeatedly.

4.3.2 Permanent deformation

The permanent deformation is used to characterize the pavement structure in mechanistic
approach. The permanent deformation is a deformation created as permanent and non-
recoverable to the original place. The total permanent deformation is calculated for each cycle
is the difference between deformation on unloading and the original deformation or 0. Thus,

the permanent deformation is non-recoverable.
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Figure 4.20 Part from the 30 blows for permanent deformation on different cycles

Figure 4.20 show that the permanent deformation is a cumulative deformation. That comes
from when the application of load increases the material non recoverable deformation also
going to increase. It means that the loads pass through the road causes a portion of non

reversible deformation which can added in each load repetition.

The permanent deformation on cycle 1 is 2.1-0 =2.1

Table 4.12 Permanent deformation from the repeated load CBR

Penetration Load Permanent
(mm) (Mpa) no of deformation
load repetition (mm)
0 0 0 0
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2.54 3.15 1 21-0=21
2.1 0.1 2 22-0=2.2
2.64 3.15 3 23-0=23
2.2 0.1 4 24-0=24
2.76 3.15 5 251-0=251
2.3 0.1 6 2.58-0= 2.58
2.86 3.15
2.4 0.1
2.95 3.15
2.51 0.1
3.04 3.15
2.58 0.1
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Figure 4.21 Permanent deformation of number 10 blows

Figure 4.21 shows that the load increases when the pavement structure opened for service, and
traffic loading. So that, the loading increase within the repetition of loading and the permanent
deformation going far from the original place or level. That means the pavement is deformed
to unrecoverable depth when the load repetition is going to increase. The traffic passed on the
pavement structure deforms the structure for the permanent and the deformation on the

pavement structure increases rapidly at initial steps, whereas going increase slowly after a

number of load repetition.
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Figure 4.22 Permanent deformations for 10 blows, 30 blows and 65 blows

The loads are applied from the values read from the standard CBR. Each blow in the repeated
load CBR is subjected to the corresponding load from the standard CBR. That means the 10
blows is subjected to 0.1 MPa in unloading case and repeated load of 1.19 MPa loading case,
the 30 blows is subjected to 0.1 MPa in unloading case and repeated load of 3.15 MPa loading
case and the 65 blows is subjected to 0.1 MPa in unloading case and repeated load of 6.82

MPa loading case. The loading is for 1 seconds, and unloading for 9 seconds.

However, the specimen of each blow is subjected to their respective loading from the standard
CBR, the permanent deformation is different. The Figure 4.22 shows that the compaction of
material affects the response of the material to the applied cyclic load. However, the same

instruments are used to measure, it shows different permanent deformation.

Araya (2011) discusses the factors that affect the deformation. The material with low
compaction has different dry density, moisture content, and number of blows that affect the

deformation.

The graph showed that the permanent deformation is affected by the number of blow or the
compaction level. Low compacted materials have high permanent deformation, which means

their non-recoverable deformation is high.
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4.3.3 Resilient deformation
The traffic loading is not a static load that it is movable load, so that it deforms the pavement
structure and the deformation may be recoverable or non-recoverable. Elastic deformation is

recoverable deformation that the deformation is again going to the point. The material can get

its original shape after the load removed.
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Figure 4.23 Part from the 30 blows for resilient strain

Moving traffic passes by creating a deformation on the pavement structure. The created
deformation may be recoverable or non-recoverable. Recoverable deformation is elastic
deformation. The elastic deformation is a deformation that can be recoverable after the
structure is unloaded. The elastic deformation is the difference of the deformation at loaded

case and the deformation at unloaded.

Elastic deformation for cycle 1 is 2.64 — 2.1 = 0.54 mm.
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Table 4.13 Resilient deformation from repeated load CBR

Penetration | Load
no of elastic deformation
(mm) (Mpa) load (mm)
0 0 2.64-2.1=054
2.54 3.15 2.76-2.2=0.56
21 0.1 2.86—-2.3=0.56
2.64 3.15 2.95-2.4=0.55
2.2 0.1 3.04-2.51=053
2.76 3.15 3.11-2.58=0.53
2.3 0.1
2.86 3.15
2.4 0.1
2.95 3.15
2.51 0.1
3.04 3.15
2.58 0.1
3.11 3.15
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Figure 4.24 Elastic deformation for 30 blows

73




Elastic deformation going to decrease at the initial loading and it is constant after a number of
load repetitions. The elastic deformation going to constant means that, the material recovers
with the constant recoverable power. The material deforms to transfer the load and then
recover with a constant deformation. That doesn’t mean that the total deformation is constant,

because the deformation is cumulative effect of recoverable and non-recoverable deformation.

The elastic deformation for the three blows is given in the Figure 4.25.
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Figure 4.25 Resilient deformation of10 blows, 30 blows and 65 blows

From the graph 4.25 the elastic deformation of 10 blows, 30 blows and 65 blows showed the
elastic deformation decreases at initial loading situations and going to constant when the
repetition of load increases. But the compaction of a material affects the elastic modulus that
the 10 blow has low elastic modulus and the 30 blows has a greater than 10 blows and 65

blows has greater value than 30 blows.

The Figure 4.25 shows that the material can undergo higher recoverable deformation if the
material is compacted well. The material with high compaction has high recoverable
deformation. Highly compacted material can recover highly when they are unloaded. That is

because of the material cannot accumulate stress inside it.
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Figure 4.27 Permanent and elastic deformation in 30 blow sample

Figure 4.26 and 4.27 Shows the permanent deformation formed in a material at each cycle is
less than that the elastic deformation formed at each cycle, except the first cycle. It means the
material elastic responsibility is greater than that of permanently deformed in each cycle. But
cumulatively, the cumulative permanent deformation of the material is larger than that of
elastic deformation. It is because of the permanent deformation is accumulated in each cycle

whereas; the elastic deformation cannot be cumulated.
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4.3.4 Summary and discussion of the repeated load CBR results

The result of repeated load CBR shows that compaction of material affects the deformation
characteristics of the material. That means the compaction has different effect on permanent
and elastic deformation. The repeated load CBR results shows that the permanent deformation
of the material increases highly in the first few repeated load, and after a number of loading is
applied it increases gradually. The elastic deformation of the material decreases suddenly at

the first few loading and going constant for the next repeated loading.

From the Figure 4.25 it can be understood that highly compacted materials have low
permanent deformation and low elastic deformation characteristic than lightly compacted
materials. The lightly compacted materials have high permanent deformation and low elastic

deformation than highly compacted materials.

The high value of permanent deformation of lightly compacted material shows that a material

undergoes compaction at the time of loading of repeated load CBR.

According to Jan Englund, the permanent deformation and elastically deformation are formed
because of the contact between the grains in the structure. When the material is subjected to
external stress it will be deformed both elastically and permanently. The elastic deformation is
caused mainly by deformation in the contact between the particles, the increase in the contact

area of the grain and which can back to its place, as described in Figure 4.28.

Compression

Figure 4.28 Elastic increase in the contact area between the particles due to compaction source
s (Jan, 2011).

The contact area of each contact is deformed and the area between the contacts is increased.
During elastic compression more contacts are created, and grains back to the original place

after the load is removed, as described in Figure 4.29.
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Figure 4.29 More contacts between particles are created elastically due to compression of the
unbound granular material represented by the black lines source: (Jan, 2011).

The increased contact area and the creation of new contacts between the particles make it
more difficult to deform the unbound material elastically the higher the stress level. The
response is, thus, stress hardening and that creates permanent deformation. The deformed

material cannot retain to its original shape.

Repeated loading cause permanent deformation, in turn caused by crushing and sliding in the

contacts between the grains, and the grains start to move and rotate as shown in Figure 4.30.

J Permanent
Compression deformation

mpﬂ caused by
compaction

Figure 4.30 Permanent deformation cause crushing and sliding in the contacts between the
particles and the grains start to move and rotate source: (Jan, 2011).

The pore volume is reduced and the volume of the unbound material decreases. When the pore
volume is decreased, the number of contacts between the particles increases. This increases
the deformation modulus but also the stress hardening due to the higher number of contacts,
the area of which can be larger during the elastic deformation. The denser structure also makes
it possible to increase the number of contacts during the elastic deformation, which will cause

even greater stress hardening.
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In permanent deformation the effect becomes even greater due to that fact new contacts
between the particles appear when the particles are subjected to increase compression, and the

number of contacts per particle will be increased (Jan, 2011).

Generally, the grain to grain contact has effect on the deformation characteristics of the
material. Thus, the grain to grain contact effect rises because of many reasons. The gradation,
compaction, loading, moisture continent has their effect on the deformation. From these
parameters the compaction effect is studied in this research that the permanent deformation
low when the compaction is high. And the resilient modulus is high for grain to grain contact

is good.
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5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The cinder material classified as excellent in its strength, and it has very minimum particles
loss in the wet sieve, It is naturally occurring material. However, the cinder materials are lack
of sandy fraction that less than 4.75 mm. And also the cinder material is non plastic material.
Thus, the cinder material cannot meet the specification of sub base of ERA, 2013. Therefore,
the cinder in the road construction is used when it blended with other material which has good

fine composition.

The weathered yellowish laterite is good in its strength characteristic, it has large proportion of
fine/sand sized/ materials and it is a medium plastic material. It is naturally occurring material.
But the weathered yellowish material has not gravel size particles in proportion and the
material has a significant proportion of silt clay fraction that used to give cohesion in structure
of the sub base. Therefore, it is not selected for sub base material alone. The weathered

yellowish laterite used when it is blended with a material of coarser proportion.

By stabilizing the cinder material with a weathered yellowish laterite the density and strength
are improved, and the suggested optimum suitable proportion to use the material for sub base

1s 30 % of cinder material and 70 % of weathered yellowish laterite.

The permanent deformation indicates an increase when the load repetition increases. Thus,
non-recoverable deformation shows steep increase at the beginning, and increases slightly
when the load repetition increases. The elastic deformation of the material decreases suddenly
at the first few loading and going constant for the next repeated loading. In repeated load at

specific loading point the elastic deformation is greater than the cycle permanent deformation.

Well compacted materials have low permanent deformation, and high elastic deformation
characteristic than lightly compacted materials. The lightly compacted materials have high
permanent deformation and low elastic deformation than highly compacted materials.
Therefore, well compacted material recovers with high elastic deformation level because the

material initially compacted to high level so that it cannot accumulate the applied stress in it.

The repeated load CBR uses to study the mechanical properties. Therefore, by using CBR the
recoverable deformation and non-recoverable deformation can be determined.
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5.2 Recommendation

5.2.1 Based on the findings of the study, the following recommendations are drawn:

The cinder material is a lack of fine materials and to use the material in road construction, it is
recommended to blend the material to change the gradation of cinder, with fine materials and

it is possible to use.

However, the result in stabilization for sub bases gives any value less than 70 % of cinder and
greater than 30 % of weathered yellowish material it is not recommended to use 0 % of cinder.
Because of the coarse gravel material is needed to transfer the load by grain to grain contact in

wet season.

To get a minimum cumulative permanent deformation and maximum elastic or recoverable
deformation generally, to get a good performance; it is recommended the materials should be

compacted well, as their dry density.

Contractors and consultants must use the mechanical concept because it can show relevant

information on the performance character of the pavement material.

5.2.2 Recommendations for future study

To characterize a material broadly for the mechanistic — empirical additional mechanical
characteristics like resilient modulus, shear strength should be studied. And to improved and
modified tests and values tri—axial tests should be carried and characterizing of the material

should be developed.

To use the mechanical approach widely as a design criteria correlation should be developed
for the resilient deformation and resilient modulus or equivalent modulus, for materials tested
in standard repeated load CBR. That means the fine grained materials that pass 19 mm used in

the standard repeated load CBR.

Further study should be done on weathered yellowish laterite to know the chemical
composition of the material, and to increase the potential usage of it. Because, it is naturally

occurring and its engineering property is good, the study on the material should increase.
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APPENDIX A

Engineering properties of cinder and weathered yellowish laterite

DETERMINING LIQUID LIMIT, PLASTIC LIMIT, PLASTIC INDEX
& CLASSIFICATION OF WEATHERED YELLOWISH MATERIAL

TEST AND CLASSIFICATION METHODS : AASHTO T:89,T90 & M145

Table A.1 Liquid Limit determination

LIQUID LIMIT
Test No. 1 2 3
Number of blows 32 28 18
Container no. bl 6 E
Wet Soil+Cont  (g) 43.70 43.5 41.8
Dry Soil+Cont  (g) 37.7 37.40 35.80
Mass Container (g) 17.6 17.8 17.5
Mass Moisture (2) 6 6.1 6
Mass Dry Soil (2) 20.1 19.6 18.3
Moisture Content (%) 29.85 31.12 32.79

Table A.2 Plastic limit determination for weathered yellowish material

PLASTIC LIMIT

Test No. 1 2

Container no. B3 A
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Wet Soil+Cont  (g) 24.4 23.2
Dry Soil+Cont  (g) 23.00 22.40
Mass Container (g) 17.60 17.2

Mass Moisture (2) 1.40 0.80

Mass Dry Soil (2) 540 5.20

Moisture Content

%) 2593 15.38

20.66

Rercen
o o

pasging (%)

gradation of weathered yellowish (test 2)

=g Upper Limit
= = = %pass

=== | ower Limit

. . 10
Sieve size (mm)

100

Figure A.1 Gradation percent pass of weathered yellowish laterite
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APPENDIX B

Stabilization of the cinder material and weathered yellowish laterite

Table B.1 Combination of 70% cinder and 30% weathered yellowish material trial 1X1

weathered
Cinder | yellowish
sieve % 0.3*weathered
size pass 0.7*Cinder | yellowish
% pass 4) (5) 4+5
63 100 100 70 30 100
37.5 | 98.067 100 68.6469 30 98.6469
20 | 68.478 97.011 47.9346 29.1033 77.0379
4.75 | 17.464 71.91 12.2248 21.573 33.7978
2| 8218 55.022 5.7526 16.5066 22.2592
0.425 | 3.149 32.966 2.2043 9.8898 12.0941
0.075 | 1.582 18.528 1.1074 5.5584 6.6658

Table B.2 Combination of 70% cinder and 30% weathered yellowish material trial 2X2

weathered
Cinder | yellowish
sieve % 0.3*weathered
size pass 0.7*Cinder | yellowish
% pass 4) %) 4+5
63 100 100 70 30 100
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37.5 92.486 | 100 64.7402 30 94.7402
20 71.135 | 98.69 49.7945 29.607 79.4015
4.75 22.324 | 76.096 15.6268 22.8288 38.4556
2 9.959 |60.676 6.9713 18.2028 25.1741
0.425 3.581 |36.918 2.5067 11.0754 13.5821
0.075 1.824 | 24.842 1.2768 7.4526 8.7294

Table B.3 Combination of 70% cinder and 30% weathered yellowish material trial 1X2

weathered
Cinder | yellowish
sieve % 0.3*weathered
size pass 0.7*Cinder | yellowish
% pass 4) ®)) 4+5
63 100 100 70 30 100
37.5 | 98.067 100 68.6469 30 98.6469
20 | 68.478 98.69 47.9346 29.607 77.5416
4.75 | 17.464 76.096 12.2248 22.8288 35.0536
2| 8218 60.676 5.7526 18.2028 23.9554
0.425| 3.149 36.918 2.2043 11.0754 13.2797
0.075 | 1.582 24.842 1.1074 7.4526 8.56
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Table B.4 Combination of 70% cinder and 30% weathered yellowish material trial 2X1

weathered
cinder | yellowish

sieve % 0.3*weathered
size pass 0.7*Cinder | yellowish

% pass 4) (5) 4+5
63 100 100 70 30 100
37.5 92.486 | 100 64.7402 30 94.7402
20 71.135 | 97.011 49.7945 29.1033 78.8978
4.75 22.324 | 71.91 15.6268 21.573 37.1998
2 9.959 |55.022 6.9713 16.5066 23.4779
0.425 3.581 | 32.966 2.5067 9.8898 12.3965
0.075 1.824 | 18.528 1.2768 5.5584 6.8352
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APPENDIX C

Stabilized material test for sub base course result

Table C.1 Gradation result of stabilized material

Test method :AASHTO T 27

Trial-1

Total weight before washing (gm) =

5635

Total weight after washing (gm) =

Sieve Sizes Weight
(mm) Re(tamed % % SPEC- LIMIT
gm)
Retain Pass upper limit
63 0 100 100

37.5 125 2.22 97.78 70 100
20 834 14.80 82.98 50 100
4.75 2058 36.52 46.46 30 100
2 851 15.10 31.36 17 75
0.425 846 15.01 18.34 11 56
0.075 412 7.31 9.02 5 25
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Trial-2

Total weight before washing (gm) =6359

Table C.2 Gradation of stabilized material

Total weight after washing (gm) = SPEC LIMIT
Sieve Weight
sizes retained | %retain %pass upper limit
(mm) (gm)
63 0 100 100
37.5 0 0.00 100.00 70 100
20 703 11.06 88.94 50 100
4.75 2377 37.38 51.56 30 100
2 1215 19.11 32.46 17 75
0.425 1115 17.53 14.92 11 56
0.075 322 5.06 9.85 5 25
Pan 15
120 - gradation of stabilized material
_100 - ——
0080 -
c
‘@
§60 . ’ /
Pl
& l’/
@40 - 2
o =2
(] -
a 20 - S /
l_’_____/
0 .
0.1 100
Sieve size (mm)

Figure C 1 Stabilized material gradation
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Table C.3 Modified compaction data

Test methods : AASHTO T — 180, method D

WT OF MAT'L TO EACH TRIAL (g) 6000
AMOUNT OF MIXING WATER TO EACH TRIAL
(1t)
TRIAL NUMBER 1 2 3 4 5

1 | WEIGHT OF SOIL + MOLD(g) 9297 | 9467 | 9718 | 9723
> | 2 | WEIGHT OF MOLD(g) 5394 | 5394 | 5394 | 5394
(é 3 | WEIGHT OF SOIL, (g) (1-2) 3903 | 4073 | 4324 | 4329
S "4 [ VOLUME OF MOLD (cc) 2194 | 2194 | 2194 | 2194

5 | WET DENSITY OF SOIL, (3/4),( g/cc) | 1.779 | 1.856 | 1.971 | 1.973

6 | CONTAINER NUMBER Bl | Al | A2 P | NMC

7 | WET SOIL + CONTAINER(g) 215.0 [ 210.0 | 220.0 | 230.0
. | 8 |DRYSOIL+CONTAINER(g) 204.0 | 197.0 | 202.0 |207.0
% |9 | WEIGHT OF WATER, (g) (7-8) 11.0 | 13.0 | 180 | 23.0
H
2]
g 10 | WEIGHT OF CONTAINER (g) 31.0 | 340 | 30.0 | 27.0

11 | WEIGHT OF DRY SOIL, (g) (8-10) 173.0 | 163.0 | 172.0 | 180.0

12 | MOISTURE CONTENT,(9/11)¥100, % | 64 | 8.0 | 105 | 12.8

DRY DENSITY OF SOIL,
1.673 | 1.719 | 1.784 | 1.750
(5/(100+12))*100, g/cc
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Table C.4 CBR Test description

MATERIAL cinder material and | DATE AND TIME
DESCRIPITION highly weatherd | SOAKED
yellowish laterite
PURPOSE: sub base DATE AND TIME | 21/9/2019
TESTED:

Ring Factor: 0.0431152 SAMPLE REF NO : | 25/9/2019

(43.1152N/D)

CALIFORNIA BEARING RFATIO

TEST METHOD : AASHTO T 193

Table C.5 Density Distribution
Soaking 10 blows 30 blows 65 blows
condition
Before After Before After Before After

MOLD NUMBER M2 M2 C C P3 P3
WEIGHT OF SOIL +
MOLD o 9864 10200 10300 10415 10440 10600
WEIGHT OF MOLD g | 6500 6500 6552 6552 6341 6341
WEIGHT OF SOIL g | 3364 3700 3748 3863 4099 4259
ZOLUME OF MOLD 2036 2036 2036 2036 2036 2036
WET — DENSITY  OF 1.652 1.817 1.841 1.897 2.013 2.092
SOIL g/cc
DRY  DENSITY — OF 1.497 1.636 1.661 1.687 1.821 1.848
SOIL g/cc
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Table C.6 Moisture content

Soaking 10 blows 30 blows 65 blows
condition
Before | After Before After Before After
CONTAINER NUMBER M B3 T B Q A2
WEIGHT OF SOIL +
CONTAINER G 200.0 | 200.0 205.0 210.0 210.0 220.0
DRY SOIL + CONTAINER
c 184.0 | 183.0 188.0 190.0 193.0 198.0
WEIGHT OF WATER
c 16.0 17.0 17.0 20.0 17.0 22.0
WEIGHT OF CONTAINER
c 30.0 30.0 31.0 30.0 32.0 31.0
WEIGHT OF DRYSOIL
y 154.0 | 153.0 157.0 160.0 161.0 167.0
0
MOISTURE
CONTENT % 10.4 11.1 10.8 12.5 10.6 13.2
Table C.7 Penetration data for 10 and 30 blows
10 Blows 30 Blows
PENETRATION | pDIAL LOAD | COR.LOAD | cBR DIAL LOAD | COR.LOAD | cBR
RDG (kN) (kKN) % RDG (kN) (kN) %
0 0 0.00 0 0.00
0.64 12 0.52 15 0.65
1.27 26 1.12 47 2.03
1.96 44 1.90 94 4.05
2.54 54 2.33 2.3 17.2 142 6.12 6.1 45.7
3.18 62 2.67 165 7.11
3.81 79 3.41 184 7.93
4.45 75 3.23 193 8.32
5.08 80 3.45 34 17.1 205 8.84 8.8 44.2
7.62 94 4.05 226 9.74
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Table C.8 Penetration data for 65 blows

PENETRATION 65 Blows
DIAL LOAD CBR
RDG (N) | CORLOAD(N) | =y
0 0 0.00
0.64 45 1.94
1.27 140 6.04
1.96 244 | 10.52
2.54 306 | 13.19 13.2 98.9
3.18 343 | 14.79
3.81 393 | 16.94
4.45 419 | 18.07
5.08 450 | 19.40 19.4 97.3
7.62 480 | 20.70
10.16
12.7
Table C.9 Swelling results
SWELL % [Height of Specimen (mm) = 116.43]
No. OF BLOWS 10 | 30 | 65
Reading Before soaking 0 0 0
Reading after soaking 0.23 1 0.15| 0.1
PERCENT SWELL 0.2 {0.13|0.09
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Table C.10 CBR value and swelling

LOAD (KN) CBR (%) S(:,'}S“
BLOW
2.54mm | 5.08mm | 2.54mm | 5.08mm
10 2.30 3.40 17.2 17.10 0.2
30 6.10 8.80 45.7 44.20 0.13
65 13.20 19.40 98.9 97.30 0.09

Table C.11 Moisture Density relation before and after soaking

Before Soaking After Soaking
Blows DD Moisture | DD Moisture

(8/cc) (%) (8/cc) (%)

10 1.497 10.4 1.64 11.1

30 1.661 10.8 1.69 12.5

65 1.821 10.6 1.85 13.2

Table C.12 Swell CBR relation
Swell
LOAD (KN BR (©
(KN) C (%) (%)
BLOW
2.54mm | 5.08mm | 2.54mm | 5.08mm

10 2.30 3.40 17.2 17.10 0.21
30 6.10 8.80 45.7 44.20 0.16
65 13.20 19.40 98.9 97.30 0.09
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Table C.13 Dry density - Swell

Blow D(gll;};ty ?301; S(v(\);oe)l !
(g/€C)
10 1.640 17.20 0.21
30 1.690 45.70 0.16
65 1.850 98.90 0.09
CBR at 95 % of MDD (%): 46%
Percent Swell (%): 0.15%

96




APPENDIX D
Repeated load CBR result

deformation (mm)

derormation ot 10 bilow

=¢—cummulative
permanent
deformation

= elastic
. deformation in
each cycle

=>é=plastic
deformation
ineach cycle

0 10 20 30 40 50 60 70
number of load repetetion

Figure D.1 Deformation on 10 blows

deformation (mm)

3.5

2.5

1.5
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defromation of 65 blows
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—fi—elastic deformation
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Figure D.2 Deformation 65 blows
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Figure D.3 Repeated load test result for 65 blows.

Table D.1 Repeated load penetration load relation for 10 blows

Elastic deformation (resilient
penetration | Load Permanent deformation deformation)
Deformation Deformation
0 0 no of load (mm) no of load (mm)
2.54 1.19 1 2.3 1 0.45
2.3 0.1 2 2.48 2 0.38
2.75 1.19 3 2.59 3 0.38
2.48 0.1 4 2.7 4 0.34
2.86 1.19 5 2.78 5 0.33
2.59 0.1 6 2.84 6 0.34
2.97 1.19 7 2.9 7 0.34
2.7 0.1 8 2.97 8 0.32
3.04 1.19 9 3.02 9 0.31
2.78 0.1 10 3.06 10 0.31
3.11 1.19 11 3.1 11 0.31
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2.84 0.1 12 3.14 12 0.31
3.18 1.19 13 3.18 13 0.3

2.9 0.1 14 3.2 14 0.31
3.24 1.19 15 3.24 15 0.3
2.97 0.1 16 3.27 16 0.3
3.29 1.19 17 3.3 17 0.3
3.02 0.1 18 3.34 18 0.29
3.33 1.19 19 3.37 19 0.29
3.06 0.1 20 3.4 20 0.29
3.37 1.19 21 3.42 21 0.3

3.1 0.1 22 3.47 22 0.3
3.41 1.19 23 3.5 23 0.3
3.14 0.1 24 3.54 24 0.3
3.45 1.19 25 3.57 25 0.3
3.18 0.1 26 3.61 26 0.29
3.48 1.19 27 3.64 27 0.29

3.2 0.1 28 3.67 28 0.3
3.51 1.19 29 3.7 29 0.3
3.24 0.1 30 3.73 30 0.29
3.54 1.19 31 3.77 31 0.29
3.27 0.1 32 3.8 32 0.29
3.57 1.19 33 3.83 33 0.29

3.3 0.1 34 3.86 34 0.29

3.6 1.19 35 3.89 35 0.29
3.34 0.1 36 3.91 36 0.28
3.63 1.19 37 3.94 37 0.28
3.37 0.1 38 3.97 38 0.28
3.66 1.19 39 4 39 0.28
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3.4 0.1 40 4.03 40 0.29
3.69 1.19 41 4.05 41 0.28
3.42 0.1 42 4.07 42 0.28
3.72 1.19 43 4.09 43 0.28
3.47 0.1 44 4.12 44 0.28
3.77 1.19 45 4.14 45 0.29

3.5 0.1 46 4.16 46 0.29

3.8 1.19 47 4.18 47 0.29
3.54 0.1 48 4.2 48 0.28
3.84 1.19 49 4.22 49 0.28
3.57 0.1 50 4.24 50 0.28
3.87 1.19 51 4.26 51 0.28
3.61 0.1 52 4.27 52 0.28

3.9 1.19 53 4.28 53 0.29
3.64 0.1 54 4.29 54 0.3
3.93 1.19 55 4.3 55 0.29
3.67 0.1 56 431 56 0.29
3.97 1.19 57 4.32 57 0.28

3.7 0.1 58 4.33 58 0.28

4 1.19 59 4.34 59 0.28
3.73 0.1 60 4.35 60 0.27
4.02 1.19
3.77 0.1
4.06 1.19

3.8 0.1
4.09 1.19
3.83 0.1
4.12 1.19
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3.86 0.1
415 | 119
3.89 0.1
417| 119
3.91 o1
219 g
3.94 o1
422| |4
3.97 o1
425 .4

4 0.1
4.29 1.19
4.03 o1
431 .4
4.05 o1
433 .4
4.07 o1
35| g
4.09 o1
437 |44
4.12 o1
24|
4.14 o1
243
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4.16

0.1
a45|
4.18 o1
a46| .

4.2 o1
48| g
422 o1

4.5 1.19
4.24 o1
452| .
4.26 o1
a54| .
427 o1
456 .4
4.28 o1
458 | .
4.29 o1
458 |,

43 o1
459 | .
431 o1
459 | .

102




4.32 01

461 119
433 01
4.61 119
4.34 0.1
4.61 1.19

Table D.2 Repeated load penetration load relation for 30 blows
Elastic deformation (resilient
penetration | Load Permanent deformation deformation)
Deformation Deformation
0 0 no of load (mm) no of load

2.54 3.15 1 2.1 1 0.54

2.1 0.1 2 2.2 2 0.56
2.64 3.15 3 2.3 3 0.56

2.2 0.1 4 2.4 4 0.55
2.76 3.15 5 2.51 5 0.53

2.3 0.1 6 2.58 6 0.53
2.86 3.15 7 2.62 7 0.54

2.4 0.1 8 2.7 8 0.52
2.95 3.15 9 2.74 9 0.52
2.51 0.1 10 2.78 10 0.52
3.04 3.15 11 2.82 11 0.52
2.58 0.1 12 2.86 12 0.51
3.11 3.15 13 291 13 0.5
2.62 0.1 14 2.96 14 0.5
3.16 3.15 15 3 15 0.5
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2.7 0.1 16 3.05 16 0.49
3.22 3.15 17 3.08 17 0.49
2.74 0.1 18 3.11 18 0.49
3.26 3.15 19 3.14 19 0.48
2.78 0.1 20 3.16 20 0.49

3.3 3.15 21 3.18 21 0.5
2.82 0.1 22 3.21 22 0.49
3.34 3.15 23 3.23 23 0.49
2.86 0.1 24 3.25 24 0.49
3.37 3.15 25 3.28 25 0.48
291 0.1 26 3.29 26 0.49
3.41 3.15 27 331 27 0.49
2.96 0.1 28 3.33 28 0.49
3.46 3.15 29 3.34 29 0.5

3 0.1 30 3.36 30 0.5

3.5 3.15 31 3.39 31 0.49
3.05 0.1 32 3.41 32 0.49
3.54 3.15 33 3.42 33 0.5
3.08 0.1 34 3.43 34 0.5
3.57 3.15 35 3.45 35 0.5
3.11 0.1 36 3.46 36 0.5

3.6 3.15 37 3.47 37 0.5
3.14 0.1 38 3.49 38 0.5
3.62 3.15 39 3.51 39 0.49
3.16 0.1 40 3.52 40 0.49
3.65 3.15 41 3.53 41 0.5
3.18 0.1 42 3.55 42 0.5
3.68 3.15 43 3.56 43 0.5
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3.21 0.1 44 3.58 44 0.5
3.7 3.15 45 3.6 45 0.49
3.23 0.1 46 3.61 46 0.49
3.72 3.15 47 3.62 47 0.49
3.25 0.1 48 3.63 48 0.49
3.74 3.15 49 3.64 49 0.49
3.28 0.1 50 3.65 50 0.49
3.76 3.15 51 3.66 51 0.49
3.29 0.1 52 3.66 52 0.49
3.78 3.15 53 3.66 53 0.5
3.31 0.1 54 3.68 54 0.49
3.8 3.15 55 3.69 55 0.49
3.33 0.1 56 3.7 56 0.49
3.82 3.15 57 3.71 57 0.49
3.34 0.1 58 3.72 58 0.49
3.84 3.15 59 3.73 59 0.49
3.36 0.1 60 3.74 60
3.86 3.15
3.39 0.1
3.88 3.15
3.41 0.1
3.9 3.15
3.42 0.1
3.92 3.15
3.43 0.1
3.93 3.15
3.45 0.1
3.95 3.15
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3.46 0.1
3.96 3.15
3.47 0.1
3.97 3.15
3.49 0.1
3.99 3.15
3.51 0.1
4 3.15
3.52 0.1
4.01 3.15
3.53 0.1
4.03 3.15
3.55 0.1
4.05 3.15
3.56 0.1
4.06 3.15
3.58 0.1
4.08 3.15
3.6 0.1
4.09 3.15
3.61 0.1
4.1 3.15
3.62 0.1
4.11 3.15
3.63 0.1
4.12 3.15
3.64 0.1
4.13 3.15
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3.65 0.1
4.14 3.15
3.66 0.1
4.15 3.15
3.66 0.1
4.15 3.15
3.66 0.1
4.16 3.15
3.68 0.1
4.17 3.15
3.69 0.1
4.18 3.15

3.7 0.1
4.19 3.15
3.71 0.1

4.2 3.15
3.72 0.1
4.21 3.15
3.73 0.1
4.22 3.15

Table D.3 Repeated load penetration load relation for 65 blows

Elastic deformation (resilient
penetration | Load Permanent deformation deformation)
Deformation Deformation
0 0 no of load (mm) no of load (mm)
2.54 6.82 1 1.9 1 0.68
1.9 0.1 2 1.98 2 0.67
2.58 6.82 3 2.06 3 0.65
1.98 0.1 4 2.12 4 0.65
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2.65 6.82 5 2.18 5 0.64
2.06 0.1 6 2.24 6 0.64
2.71 6.82 7 23 7 0.63
2.12 0.1 8 2.36 8 0.62
2.77 6.82 9 242 9 0.62
2.18 0.1 10 248 10 0.62
2.82 6.82 11 2.56 11 0.62
2.24 0.1 12 2.62 12 0.62
2.88 6.82 13 2.68 13 0.62

23 0.1 14 2.72 14 0.62
2.93 6.82 15 2.76 15 0.62
2.36 0.1 16 2.78 16 0.62
2.98 6.82 17 2.81 17 0.62
242 0.1 18 2.85 18 0.63
3.04 6.82 19 2.87 19 0.63
248 0.1 20 2.92 20 0.61

3.1 6.82 21 2.95 21 0.62
2.56 0.1 22 2.98 22 0.62
3.18 6.82 23 3.01 23 0.62
2.62 0.1 24 3.04 24 0.62
3.24 6.82 25 3.07 25 0.62
2.68 0.1 26 3.1 26 0.63

33 6.82 27 3.13 27 0.62
2.72 0.1 28 3.17 28 0.62
3.34 6.82 29 3.19 29 0.62
2.76 0.1 30 3.21 30 0.62
3.38 6.82 31 3.23 31 0.62
2.78 0.1 32 3.25 32 0.62

34 6.82 33 3.27 33 0.62
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2.81 0.1 34 3.29 34 0.62
3.43 6.82 35 33 35 0.63
2.85 0.1 36 3.31 36 0.63
3.48 6.82 37 3.32 37 0.63
2.87 0.1 38 3.33 38 0.63
3.5 6.82 39 3.34 39 0.62
2.92 0.1 40 3.35 40 0.62
3.53 6.82 41 3.36 41 0.62
2.95 0.1 42 3.37 42 0.62
3.57 6.82 43 3.38 43 0.62
2.98 0.1 44 3.39 44 0.61
3.6 6.82 45 34 45 0.61
3.01 0.1 46 3.41 46 0.61
3.63 6.82 47 3.42 47 0.61
3.04 0.1 48 3.42 48 0.62
3.66 6.82 49 3.43 49 0.62
3.07 0.1 50 3.43 50 0.62
3.69 6.82 51 3.44 51 0.62
3.1 0.1 52 3.45 52 0.62
3.73 6.82 53 3.45 53 0.62
3.13 0.1 54 3.46 54 0.62
3.75 6.82 55 3.47 55 0.62
3.17 0.1 56 3.47 56 0.62
3.79 6.82 57 3.47 57 0.62
3.19 0.1 58 3.48 58 0.62
3.81 6.82 59 3.48 59 0.62
3.21 0.1 60 60
3.83 6.82
3.23 0.1
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3.85 6.82
3.25 0.1
3.87 6.82
3.27 0.1
3.89 6.82
3.29 0.1
3.91 6.82
33 0.1
3.93 6.82
3.31 0.1
3.94 6.82
3.32 0.1
3.95 6.82
3.33 0.1
3.96 6.82
3.34 0.1
3.96 6.82
3.35 0.1
3.97 6.82
3.36 0.1
3.98 6.82
3.37 0.1
3.99 6.82
3.38 0.1
4 6.82
3.39 0.1
4 6.82
34 0.1
4.01 6.82
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3.41 0.1
4.02 6.82
3.42 0.1
4.03 6.82
3.42 0.1
4.04 6.82
3.43 0.1
4.05 6.82
3.43 0.1
4.05 6.82
3.44 0.1
4.06 6.82
3.45 0.1
4.07 6.82
3.45 0.1
4.07 6.82
3.46 0.1
4.08 6.82
3.47 0.1
4.09 6.82
3.47 0.1
4.09 6.82
3.47 0.1
4.09 6.82
3.48 0.1

4.1 6.82
3.48 0.1

4.1 6.82
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