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Abstract : A pavement designed for a particular set of conditions and resting on a weak
subgrade is very thick and hence is expensive. The cost of such a pavement could be reduced
by strengthening the subgrade by a suitable stabilization process. In the present work, the
suitability of waste pumice stone as a mechanical stabilizer in pavements has been studied.
Pumice stone, a by-product of steel and garment industries, is a locally available, porous, light
and non-plastic material. This has been mixed with the weak soil in different proportions and
CBR tests have been performed on them. The experimental results show that there is a
considerable increase in the CBR value of the stabilized subgrade leading to the reduction of
overall cost of pavements. Use of pumice stone not only reduces the overall cost of the
pavements but also solves the disposal problem faced by industries producing pumice stone as
a by-product.
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Introduction

One of the problems faced by civil engineers all over the world is designing infrastructures on weak
soils. Design of flexible pavement on a weak subgrade poses a great challenge as it requires a thicker and hence
expensive pavement. When the weak subgrade is stabilized mechanically, the strength increases, the required
thickness of the pavement decreases. But, if the mechanical stabilizer is costly, the reduction in cost due to the
reduced thickness of the pavement may be offset by the increase in the cost of the stabilizer itself. This, in turn,
may result in increase in overall cost of the pavement. If the selected mechanical stabilizer is a waste material
obtained as a by-product from an industry, it serves the twin purposes of reducing the overall cost of the
pavement and solving the disposal problem of the waste material. Moreover, if these waste materials are used
for making internal roads for the industries from where they are collected, the transport cost is also nullified.

In the present work, two weak subgrades are considered namely Clay with Medium Compressibility and
Clayey Sand. The samples of these soils are collected from Coimbatore, Tamil Nadu, India. Classification tests
and CBR tests conducted on these soils confirm their weakness. The waste material considered is pumice stone
(Fig. 1) which is obtained as a by-product from a garment industry, Tirupur, Coimbatore, India. It is porous,
light in weight and non-plastic and is composed of alumina and silica. Its silica content brings abrasive
properties to the aggregates and the alumina content brings durability to fire and heat.
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Fig.1 Photographs of pumice stone used in the present work

Many research works carried out in the recent years on the use of pumice stone indicate an increase in
strength and Resilient modulus and an improvement over plasticity characteristics of subgrade. [1, 2, 3]

The objective of the present study is to determine the physical properties and soaked CBR of the
selected virgin soils as well as soils stabilized by pumice stone in different proportions, designing flexible
pavement for a particular set of conditions for each case and carrying out cost analysis.

Experimental Results And Discussion
Classification tests on the virgin soils

The results of classification tests performed on the selected virgin soils and the classification as per
Indian Standards [4] are given in Table 1.

Table 1 Results of classification tests on the virgin soils

Test results ompressbilty _lsane”
Colour Brown Red
Fraction finer than 75 microns 69% 36%
Fraction finer than 4.75 mm 99% 100%
Liquid limit 36% 23%
Plastic limit 18% 13%
IS Classification Cl SC

Light compaction test on virgin soils

Light compaction test [5] is conducted in each of the soil samples to obtain the Optimum Moisture
Content (OMC) and the Maximum Dry Density (MDD). The results of the tests are presented in Fig. 2 and Fig.
3 respectively.
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Fig. 2 Results of light compaction test on Clay with Medium Compressibility
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Fig. 3 Results of light compaction test on Clayey Sand

Soaked CBR tests on the virgin soils

Soaked CBR test [6] is conducted in each of the soil samples to obtain the design CBR values. The
results of the tests are presented in Fig. 4 and Fig. 5 respectively.
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Fig. 4 Results of soaked CBR test on Clay with Medium Compressibility
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Fig. 5 Results of soaked CBR test on Clayey Sand
Stabilization of Clay with pumice stone

The pumice stone is mixed with clayey soil in various proportions i.e., 10:90, 30:70 and 50:50 (Pumice
stone: clay in mass), light compaction test is conducted in each of the mixes to obtain OMC and soaked CBR
test on the sample compacted in the respective OMC is carried out. The results are shown in Fig. 6 to Fig. 8
respectively. The OMC is indicated in the corresponding graph in each case.



Palanikumar M /International Journal of ChemTech Research, 2017,10(7): 428-439. 432

120
110 | o
P
100 |
>
/

90 | s

‘ o
80 /
70 | /
g_BO /""
-
%0 1 /

I'/

40 | /
30 1 OMC = 17.5%
2 CBR,s=2.2%

|/ CBR;,=3.0%
0l / Design CBR = 3.0%

,"I‘

0¥
001 2 3 4 5 6 7 8 9 10 11 12 13 14
Penetration, mm

Fig. 6 Results of soaked CBR test on pumice stone — clay mix (10:90)
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Fig. 7 Results of soaked CBR test on pumice stone — clay mix (30:70)
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Fig. 8 Results of soaked CBR test on pumice stone — clay mix (50:50)

Stabilization of Clayey Sand with pumice stone

The pumice stone is mixed with clayey sand in various proportions i.e., 10:90, 20:80 and 30:70 (Pumice
stone: clay in mass), light compaction test is conducted in each of the mixes to obtain OMC and soaked CBR
test on the sample compacted in the respective OMC is carried out. The results are shown in Fig. 9 to Fig. 11
respectively. The OMC is indicated in the corresponding graph in each case.
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Fig. 9 Results of soaked CBR test on pumice stone — clayey sand mix (10:90)
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Fig. 10 Results of soaked CBR test on pumice stone — clayey sand mix (20:80)
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Fig. 11 Results of soaked CBR test on pumice stone — clayey sand mix (30:70)

Discussion on the test results

The results of light compaction test on both the soils indicate that the OMC increases with the increase
in the proportion of pumice stone. This is because of the fact that pumice stone absorbs more water owing to its
high porosity. This is in spite of the fact that it has lower surface area as the particle size of pumice stone is
more than that of the virgin soil. The increase in CBR value with the increase in content of pumice stone is on
the expected lines because addition of the coarser particles increases the resistance to penetration.

Pavement Design and Cost Analysis

The summary of test results on Clay (Cl) and the Clayey Sand (SC) are given in Tables 2 and 3 respectively.
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Table 2 Summary of test results on Clay (CI)

Mix Proportion (Pumice stone: Clay) OMC Design CBR
0:100 16.5% 1%
10:90 17.5% 3%
30:70 18.8% 4%
50:50 20.2% 9%

Table 3 Summary of test results on Clayey Sand (SC)

Mix Proportion (Pumice stone: Clayey Sand) OoMC Design CBR
0:100 12.1% 3%

10:90 15.1% 5%

20:80 16.7% 10%

30:70 18.0% 11%

Table 2 shows that when pumice stone and Clay (CI) are mixed in 50:50 proportion, the CBR is
increased to 9% from 1%. Since the flexible pavement structure is the same for subgrades with CBR more than
9%, no attempt is made to increase the CBR beyond 9%. Using IRC: 37 - 2001 [7] specifications, flexible
pavement is designed for a low traffic intensity of 2 msa for virgin soil as well as virgin clay and pumice stone-
clay mix (50:50) respectively and the cost estimation is carried out for each case.

Similarly, Table 3 shows that when pumice stone and Clayey Sand (SC) are mixed in 20:80 proportion,
the CBR is increased to 10% from 3%. Using IRC: 37 - 2001 specifications, flexible pavement is designed for a
low traffic intensity of 2 msa for virgin soil as well as virgin clayey sand and pumice stone-clayey sand mix
(20:80) respectively and the cost estimation is carried out for each case.

Pavement structure for virgin clay (ClI)

The pavement structure suggested by IRC: 37 — 2001 for a traffic intensity of 2 msa and a subgrade
CBR of 1% is given in Fig. 12. The IRC stipulates that when the CBR of subgrade is less than 2%, the
pavement structure corresponding to a CBR of 2% shall be provided but a capping layer whose CBR is not less
than 10% shall be introduced between the subgrade and subbase.
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Premix carpet 20 mm

L =

Bituminous Macadam 50mm

Subbase (CBR = 20%) 440 mm
A
Capping layer (CBR = 10%) 150n;m

Virgin Clay, ClI (CBR = 1%)

Fig. 12 Pavement Structure for virgin Clay (CI) for 2 msa
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Pavement Structure for stabilized Clay

Similarly, the recommended pavement structure for the stabilized clay (pumice stone: clay = 50:50) is
given in Fig. 13. The increase in CBR of the subgrade leads not only to the elimination of the capping layer but
also to the considerable reduction in the thickness of subbase.

Premix carpet 20 mm:;
A
Bituminous Macadam 50mm

Base 225mm

Subbase (CBR = 20%) 150mm

Stabilized Clay, 50:50 (CBR = 9%)
Fig. 13 Pavement Structure for stabilized clay for 2 msa

Pavement structure for virgin clayey sand (SC)

The CBR of subgrade for this case is 3% and hence capping layer is not necessary. The recommended
pavement structure for the same traffic intensity of 2 msa is given in Fig. 14.

Premix carpet 20 mm:;

A
Bituminous Macadam 50r£m
Base 225mm
Subbase (CBR 2 20%) 335mm

Virgin clayey sand (SC) (CBR = 3%)
Fig. 14 Pavement Structure for virgin clayey sand (SC) for 2 msa

The recommended pavement structure for the stabilized clayey sand (pumice stone: clayey sand) with a
CBR of 10% is the same as that given in Fig. 13.

Cost Analysis

The quantity estimation for various materials and hence the cost of pavement per unit area for pavement
structure on the virgin clay and the stabilized clay are presented in Tables 4 to 5 respectively.
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Table 4 Estimation of quantity for various materials for pavement structure resting on virgin clay (Cl)

(Reference: Fig. 12)

Thickness . Unit | Total
Items of works Quantity |rate, |amount,

(m) Rs. Rs.
Compaction of 3
b gpra e 0.5 05m®  [200 |100
Capping layer |0.15 0.15m° [500 |75
Sub base 0.44 0.44m° [1000 [440
Base 0.225 0.225m°> [2000 |[450
BM 0.05 0.05m> [10000 [500
PC 0.02 1m? 50 |50
Total cost per m” area 1615

Table 5 Estimation of quantity for various materials for pavement structure resting on stabilized clay

(Pumice stone: clay = 50:50) (Reference: Fig. 13)

Thickness Unit Total
Items of works Quantity |rate, |amount,
(m) Rs. Rs.
Compaction of |, 05m°  |250 |125
the mix
Sub base 0.15 0.15m° [1000 [150
Base 0.225 0.225m° [2000 |[450
BM 0.05 0.05m°> [10000 [500
PC 0.02 1m? 50 |50
Total cost per m” area 1275

Comparing Table 4 and Table 5, the reduction in cost is estimated to be 21%.

Similarly, the quantity estimation for various materials and hence the cost of pavement per unit area for
pavement structure on the virgin clayey sand is presented in Table 6

Table 6 Estimation of quantity for various materials for pavement structure resting on virgin clayey sand
(SC) (Reference: Fig. 14)

Thickness Unit |Total
Items of works Quantity |rate, |amount,

(m)

Rs. Rs.

Compaction ofl, - 0.5m* 200 |100
sub grade
Sub base 0.335 0.335m> [1000 (335
Base 0.225 0.225m> [2000 (450
BM 0.05 0.05m° [10000 [500
PC 0.02 1m? 50 |50
Total cost per m” area 1435

Since the pavement structure on stabilized clay and stabilized clayey sand is the same, the total cost per
m? area of pavement structure resting on stabilized clayey sand is also equal to Rs. 1275 (Table 5)

Comparing Table 6 and Table 5, the reduction in cost is estimated to be 11%.

The reduction in cost of pavement structure resting on stabilized subgrade with original CBR of 1% is
more than that on stabilized subgrade with original CBR of 3%. This indicates that the weaker the original
subgrade, the greater is the reduction in the overall cost. In the cost analysis, the transport cost for the pumice
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stone is not considered and hence the reduction in cost is applicable only for the internal roads of the industries
producing the waste pumice stone or for village roads nearer to the industries.

Conclusion
Based on the present study, the following conclusions are arrived at.

1. The mechanical stabilization of weak subgrade using pumice stone, a waste material in industries, is very
effective.

2. The mix consisting of 50% pumice stone and 50% virgin Clay with Medium Compressibility (CI) produces
optimum result. For this case, the CBR value increases from 1% to 9%

3. Similarly, the mix consisting of 20% pumice stone and 80% virgin Clayey Sand (SC) produces optimum
result. For this case, the CBR value increases from 3% to 10%

4. Theincrease in CBR leads to reduction in thickness of the pavement and hence overall cost. The reduction

in the overall cost of the pavement resting on the clay is 21% whereas it is 11% in the case of clayey sand

It is also observed that the weaker the original subgrade, the greater is the reduction in the overall cost.

6. Since the transport cost for pumice stone is not considered in the cost analysis, it is applicable only for
internal roads of the industries producing the waste pumice.
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