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Abstract: Soil rich in organic matter is apt for the growth of plants as it provides them with nutrients essential for their growth and
nourishment. Apart from that, it also affects the soil structure and mineralogy and ultimately the soil properties. Based on same
purpose, this study was carried out to investigate the effect of organic matter (Vermi-compost) on the compaction characteristics
of Karewa soils. In thus study, three soil samples were taken from three sites and characterised as “CL” (clayey soil with low
plasticity). Proctor tests of different compaction energies (viz., Standard Proctor, Modified Proctor and Reduced Standard Proctor)
were conducted on the samples with and without Vermi-compost. The percentages of Vermi-compost by dry weight of soil was
taken as 3%, 6%, 9% and 12% and mixed with soil thoroughly before each Proctor test. The maximum dry density and optimum
moisture content of the Karewa soil corresponding to each Vermi-compost percentage was determined in Geo-Technical
Laboratory of NIT Srinagar. Proctor results indicate that on introduction of Vermi-compost to the Karewa soils, maximum dry
density decreases and Optimum moisture content increases with the increase in Vermi-compost percentage upto 12% and beyond
that the mixture became unworkable. An empirical model relating maximum dry density and optimum moisture content with
organic matter content was also established on the basis of the acquired Proctor test results.

Index Terms - Maximum dry density, Optimum moisture content, proctor compaction, Vermi-compost, Karewa soils.
I.LINTRODUCTION

Geo-Technical Engineering is all about how does soil behave in loaded and unloaded conditions. What phenomenon does occur
when its natural conditions/characteristics are disturbed and how it modifies its behaviour to counter that disturbance is what
mainly Geo-Technical engineering is all about. Different techniques to impart strength to soil also depend upon the type of soil in
consideration. Some soils readily adapt to the technique used gaining significant strength while some take time or did not respond
toitatall.

Many techniques previously developed when used on a commercial scale pose environmental concern. Today, research in this
field also focuses on its environmental impact. More and more thrust is being developed to have an environment friendly material
to be used in soil so as to improve its compaction characteristics and thus its strength. Natural materials like Jute fibres, rice husk,
reed etc act as a promising agent and have been observed to have a significant effect on the strength characteristics of the soil. On
the same lines, an organic matter containing material called Vermi-compost, often used as manure for agricultural purposes was
selected for the present study in order to analyse the effect of it on various compaction characteristics of the soil. The material was
selected because it is entirely organic so does not have any adverse effect on environment. Furthermore, there is no code available
to which the limiting organic matter content in the soil can be referred to in order to make the soil suitable for construction
purposes. So, an analysis of the response of soil with organic matter will be done to find out the extent of the effect of organic
matter content on compaction characteristics of soil.

I.LEXPERIMENTAL PROCEDURE
Karewas are famous for cash crop cultivation in Kashmir valley. Saffron is exclusively cultivated on Pampore Karewas. Fruit
cultivation like Apple and Pear is also done on Budgam Karewas in the Chrar-e-Sharif and Pakherpora Vudr stretch. Karewa soils
are clayey in nature and highly fertile. For the study, samples were taken from three different sites each at:

e Awantipora Karewas in Distt. Pulwama (hereafter referred to as Sample “A”) with co-ordinates 33°52'55.1"N
74°59'26.3"E

e Pampore Karewas in Distt. Pulwama (hereafter referred to as Sample “B”) with co-ordinates33°58'16.8"'N
74°55'29.5"E and from

e Noubug Karewas in Distt. Budgam (hereafter referred to as Sample “C”) with co-ordinates 33°56'54.8"'N 74°50'58.2"'E
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The following methodology was followed in the study:

Methodology

Soil
Characterization

Tests to be

done

Seive Plastic
Analysis limit

Standard Modified Reduced
Proctor test Proctor test standard

(with and (with and Proctor test (
without without with and
Vermi- Vermi- without Vermi
compost) compost) compost)

Flow chart of the research methodology employed

The consistency limits (liquid limit, plastic limit) tests were conducted as per

IS: 2720 (Part5) — 1985 and compaction tests as per:

IS: 2720 (Part VII) —1974 “Determination of Moisture Content-Dry Density Relation Using Light Compaction”, and
IS: 2720 (Part VIII) —1965 “Determination of Moisture Content- Dry Density Relation Using Heavy Compaction”

I11.TABLES AND FIGURES

Table 1: Atterberg’s limits and characterization of three soil samples

Sample Liquid Plastic Plasticity Soil type A-Line %age
Limit Limit Index passing 751 G
A 34.48% 18.38% 16.10% “CL” 10.57% <?2 2.606
B 34.56% 17.29% 17.27% “CL” 10.63% <1 2.614
C 35.21% 20.92% 14.29% “CL” 11.10% <3 2.608

Table 2: Natural MDD and OMC of the soil samples

Property Standard Proctor test
Sample A Sample B Sample C
MDD (gm/cc) 1.733 1.751 1.692
OMC (%) 17.51 17.79 18.12
Modified Proctor test
MDD (gm/cc) 2.174 2.201 2.111
OMC (%) 14.01 14.48 14.77
Reduced Proctor test
MDD (gm/cc) 1.687 1.732 1.676
OMC (%) 18.11 18.27 18.38
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Fig 1: Comparison graph showing variation of MDD of sample A with organic content at different compaction energies

2.5

) l — —
S 2 4 —
IS u
=) W
215 -
g a=@=594.5 KN-m/m"3
[«5]
21 —f—2710.8 KN-m/m”3
(.
= ~#—356.71 KN-m/m~3
@ 0.5 -
=

O T T T T T T 1

0 2 4 6 8 10 12 14
Organic content (%)

Fig 2: Comparison graph showing variation of MDD of sample B with organic content at different compaction energies
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Fig 3: Comparison graph showing variation of MDD of sample C with organic content at different compaction energies
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Fig 4: Comparison graph showing variation of OMC of sample A with organic content at different compaction energies
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Fig 5: Comparison graph showing variation of OMC of sample B with organic content at different compaction energies
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Fig 6: Comparison graph showing variation of OMC of sample C with organic content at different compaction energies
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Fig 7: Correlation graph of Predicted MDD v/s Experimental MDD
24 -
—~ 22 - R2=0.968
5’ 20 ¢
% _
5 18 -
2 16 -
5
T 14 A
L
o 12 -
10 T T T T T 1
12 14 16 18 20 22 24
Experimental OMC (%)

Fig 8: Correlation graph of Predicted OMC v/s Experimental OMC

IV.EMPIRICAL MODEL

As the analysis suggest, there is a linear relationship between organic matter content and dry density as well as OMC of the
sample soil on all compaction energies. On these basis, a multiple regression analysis of 45 data points (only MDD data points
selected to predict MDD of the soil) was done generating an empirical model of three parameters viz. dry density, organic content
and compaction energy. The empirical model is as follows:

yd = -0.0150444*0.C + 0.0001791*E + 1.654007383 )
where; yd = predicted value of dry density in gm/cc
0O.C = organic content in %
E = compaction energy in KN-m/ m?
A similar empirical model was also developed for pre-determined prediction of OMC. The empirical is as follows:
M’ =0.289074074*0.C - 0.00171203*E + 18.82537899 (i)
where; M’ = predicted value of optimum moisture content in %
O.C = organic content in %
E = compaction energy in KN-m/ m?

For Eq. (i), the value of correlation coefficient (R?) is 0.948 and standard error is 0.048. P-value calculated from ANOVA output
is 9.71* E*2<< 0.05, which is valid for modelling purposes.

Also for Eq. (ii), the value of correlation coefficient (R?) is 0.968 and standard error is 0.411. The P-value calculated from
ANOVA output is 3.97866*E32 << 0.05, which being valid for modelling purposes.
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The Equations (i) and (ii) can be used to predict the dry density and OMC respectively in terms of compaction energy and organic
content.

V.CONCLUSION

Required compaction tests were conducted on the soil and results analyzed. The introduction of organic matter was restricted to
12%, reason being the soil became unworkable on increasing the organic content further. Based on the result analysis, an
empirical model has been developed for calculating dry density and optimum moisture content of Karewa soils in terms of organic
matter content and compaction energy which can be of great use on field to predict the dry density on application of organic matter
and suitable compaction method. On the basis of factors, tests and discussions made above, the following conclusions were drawn;

e  The vermi-compost when blended with soil increases void ratio. With varying compaction energy from 356.71 to 2710.8
KN-m/m&, maximum dry density (MDD) increases while as optimum moisture content (OMC) decreases.

e Noting the trend in the study, as the organic matter content (\Vermi-compost) increases (3% to 12%), maximum dry
density (MDD) decreases while as optimum moisture content (OMC) increases.

o The negative variation of MDD of Karewas (collected from three different sites) on introduction of organic matter (four
levels up to 12%) as per standard Proctor compaction energy is 1.738 - 1.474gmlcc (i.e., 15.19% decrease) while as per
modified Proctor and reduced Standard Proctor compaction energy, it is 2.157 — 1.859gm/cc (13.81% decrease) and 1.700 —
1.590 gm/cc (6.47% decrease) respectively.

e  The positive variation of OMC of Karewas (collected from three different sites) on introduction of organic matter (four
levels up to 12%) as per standard Proctor compaction energy is 18.24% - 22.38% (18.49% increase) while as per modified
Proctor and reduced Standard Proctor compaction energy, it is14.48% - 18.44% (21.47% increase) and 18.84% - 22.00%
(14.36% increase) respectively.

o Multiple regression analysis of the results from 45 data points lead to the development of an empirical model for
predicted calculation of dry density and optimum moisture content of Karewa soils in terms of organic matter content (Vermi-
compost) and compaction energy. The model can be employed on field to predict the maximum dry density and optimum
moisture content of Karewa soil.

e This empirical model is based on compaction energy range from 356.71 to 2710.8 KN-m/ m? and vermi-compost content
upto 12%. Beyond this range, further experiments are needed to be done to verify and generalize the model.
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