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INTRODUCTION

Deformation due to load from the construction of
infrastructure in soft ground is very high which may cause
failure of structure. Soil in the Kathmandu Valley especially
black clay locally known as Kalomato is also very soft and
compressive in nature. Kalomato was formed after deposition
of fine sediments into a lake, from river and streams with
significant amount of organic matters. Presence of organic
matter can often be traced by its color and odour during field
exploration. In some drilling location outburst of gas as well as
strong order was found (Handali et al. 2011; Khadka, 2011).
To date, no systematic attempt has been done to map the extent
of Kalomato in Kathmandu, but from the borehole data collected
from different sites, it  is evident that the soil is found almost
in the entire Valley (Piya et al., 2004; Sakai, et al. 2008; Handali
et al., 2011). However, the distribution is not even throughout
the valley, based on the prevailing data, and it is seen that
maximum thickness of Kalomato found is more than 20 m at
Thapathali whereas minimum thickness is 1 m in Maharajganj.
Similarly, the depth at which the clay layer is found also varies
in different places (Handali et al., 2011). Kalomato is found
almost at ground surface in some locations like Thapathali,
Sanothimi and Bhaktapur but in Kalimati, Balkhu, Tahachal
and Gyaneshwor it starts at 5 m from the ground surface. In
some places like Ratna Park and Pulchowk, it occurs at 10 m
depth. In many places it will be found even in greater depth.
Therefore, developer, builders and engineers are worried about
the presence of Kalomato, its thickness and depth in their sites.
Because of these detrimental effects, Kalomato is gaining the
interest of Geotechnical researchers.

ABSTRACT

The soft and black clay found in the Kathmandu Valley is locally known as Kalomato which is highly compressible and weak. The
Kalomato from the Khasibazaar is taken as study material. Experimental study is carried out on undisturbed, remoulded and reconstituted
soil samples to determine the compression behaviour. The study revealed that the undisturbed soil sample has the highest compression
index among all samples while the remolded sample has the lowest compression index. The reconstituted soil sample using cement
shows that the compression index increases with the increase in cement content while decrease with the increase in curing time. When
cement content increases to 15%, the load required to compress the soil to the equal void ratio also increases to almost three times
of the undisturbed soil and seven times of the remoulded soil.  Therefore, reconstitution of soil using cement is found as effective
method for improvement of compression behaviour. This study also has established graphical interrelations between the compression
index, swelling index and the cement content which can be used in the study of Kalomato.

Location and Geology

The clay sample from Khasibazaar Kathmandu, Nepal
is used for the laboratory investigations. The Khasibazaar lies
in the west side of the Kathmandu Valley. The study area is just
inside the Kathmandu Valley ring road which confined core
city area. In this context the study area has good access and
huge potential of future development. The location of the study
area is presented in Fig. 1.

Soil of the Kathmandu Valley is thick quaternary
sediments and recent alluvium underlain by basement rock. The
depth of the sediments varies up to 600 m (Kharel et al., 1998).
Yoshida and Igarashi (1984) have found that the central part of
the Kathmandu Valley is composed of three formations; they
are Patan, Thimi and Gokarna formations. Later on Dongol
(1987) has combined these formations in a single group as
Kalimati clays. Further study has extended the Kalimati
Formation including Kalimati clays and a part of the Lukundol
Formation (Sakai, 2001).  This formation covers almost all
central part of the valley where occurrence of black clay is very
common. The study area Khasibazaar also belongs to the
Kalimati Formation. The Kalimati Formation is the formation
which consists of black clay or silts beds with some thin layers
of fine to very fine sand . This formation is more than 200 m
thick and the sediments were deposited in the center of the lake
mainly from the suspension. The presence of fine to very fine
sand in between clay layers is because of turbidity flows from
an adjacent delta.
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Table 1: Properties of Kalomato from different loactions
(Khadka, 2011)

Fig. 1: Location map of the study area (source: Google map)
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Physical and compression behavior of Kalomato

The study on Kalomato soils from four different sites
namely Kupondole, Kritipur, Kalimati and Pulchowk were
carried out which shows that the physical properties of the clay
are different from place to place (Handali et al., 2011). Those
studies showed that the physical properties vary with the location
and depth of soil.  Properties like liquid limit, specific gravity
and plasticity index are found in the range of 60%-140%,
2.25–2.6 and 25%–64% respectively. Similarly, the content of
organic matter in these sites ranges from 4.4 to 13.1% and the
compression index of the Kalomato also has high variation i.e.
from 0.49 to 1.3. The variation in the most of the properties is
found as much as twice depending on the location. Similar
results were found from the different study sites for physical
properties of the Kalomato as shown in Table 1 (Khadka, 2011).

Compression behavior of cemented clay

There are various methods to improve the compression
behavior of the soft clay. The most common method is soil
modification using cement which is fast, efficient and cheap
Broms (1984).  The improvement in the soil characteristics is
affected by various factors. These factors can be categorized
into four main groups namely; (i) Type of admixture, (ii) type
of soils, (iii) mixing conditions, and (iv) curing time (Terashi,
1997). Various studies found that the compression behavior of
the cemented clays shows that the compression behavior is also
governed by these factors.  But, the compression index of

cemented Singapore marine clay has been found to be
independent of cement content, curing time, curing stress and
initial water content. However,  primary yield stress increases
with increase in above-mentioned parameters except for initial
water content (Xiao, 2009). Primary yield stress is the point at
which the compression curve changes its slope (Rotta et al.,
2003). Some researchers concluded that compressibility depends
on the state of structure presence in soil matrix and rate of
destructuration  and found that after complete destructuration
the clay will have unique slope as reconstituted natural soil
sample (Liu et al., 2000; Bergado et al., 2006; Herpibulshuk et
al., 2016). But the rate of the destructuration is different for
different soil sample, so that slope of virgin compression line
remains constant throughout the stress range of our interest.

There are various relationships established between
compression index and physical properties namely liquid limit,
plasticity index and initial void ratio. It is found that the
compression index linearly varies with the initial void ratio
(Nishida, 1956; Rendon-Herrero, 1980). Similarly, the
compression index also has the linear relations with the liquid
limit for natural and remolded soils (Skempton, 1944; Terzaghi
and Peck, 1996). The recent study on different clay samples
prepared by mixing montmorillonite, kaolinite, illite, and quartz
at initial moisture contents equal to the liquid limit also obey
the similar relationships as suggested by the previous researchers
(Tiwari and Azmera, 2012). The research delineates the linear
relationships for compression index and liquid limit into two
groups on the basis of clay activity.

In this study, compression and swelling behaviour of
Kalomato are studied in undisturbed, remoulded and reconstituted
state using ordinary Portland cement. The interrelationship
between cement content, compression index and swelling index
is evaluated from the laboratory investigations.

METHODOLOGY

The undisturbed soil samples were taken from
Khasibazaar Kathmandu, Nepal. The samples were obtained at
the depth of 3m from the ground surface. The soil samples were
taken in steel tubes and sealed at both ends with wax to prevent
from the moisture exchange. These samples were transported
to the laboratory with the minimum possible disturbance. The
soil was taken out from sampling tube using hydraulic sample
extruder. The extruded cylindrical soil sample was trimmed
using soil trimming lathe. The final dimension of the specimen
was 61.8 mm in diameter and 20 mm in height which was equal
to the dimension of consolidation ring. Three sets of the
undisturbed samples were prepared form each sampling tubes
(UD1 and UD2) and tested using incremental loading procedure
as per ASTM D 2435.

Ordinary Portland cement (OPC) of Grade 42.5 was used
for the reconstitution of the clay. OPC is very common additives
for soil modification. It is also easily available and cheap. The
chemical compositions of cement and properties of soil used in
the study are presented in Table 2.
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Fig. 2: Schematic diagram for laboratory investigation of reconstituted soil sample

Table 2: Characterization of the materials used in study

stone in top and bottom for free-drainge through out the curing
period. Samples were cured for 10 days and 28 days in constant
temperature water bath at 25°C. The reconstituted soil samples
were prepared using 10% and 15% of cement by dry mass of
soil. All the cemented samples were cured under atmospheric
pressure and tested after different curing periods.

To determine the compression characteristics of the
remoulded Kalomato, the dry soil powder is mixed with the
distilled de-aired water. The water content was used as 110%
of the mass of dry soil. This slurry was poured in the same
mould used in the preparation of specimen for cemented soil.
Remoulded clay samples were cured under 10 kPa overburden
pressure.

Three sets of cemented samples were prepared and tested
in the laboratory as shown in schematic diagram (Fig. 2). The
Kalomato was crumbled into small pieces using the knife and
left it to the room temperature for air drying. After a week of
drying, the soil had negligible changes in mass and was taken
as the air-dried sample. The sample was crushed using mallet
hammer and sieved through a 425 ìm sieve. This clay powder
was mixed thoroughly with cement and distilled de-aired water.
Water content for the mix was taken as 110% (1.25 time the
liquid limit) of the mass of dry soil and 100% of the mass of
the cement.  The mixture was mixed in the Hobart mixture for
10 mins. Then the well mixed slurry was poured in the mould
of 61.8 mm diameter and 40 mm height. The mould has porous
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Fig. 3: Compression and swelling behaviour of Kalomato

RESULT AND DISCUSSION

The result of one-dimensional consolidation tests is
summarized in Fig. 3. From the figure, it is observed that the
vertical stresses required to compress the sample to the equal
void ratio of 1.7 for remoulded, undisturbed, reconstituted with
10% cement content and reconstituted with 15% cement content
are 200 kPa, 500 kPa, 500 kPa and 1400 kPa, respectively.
Therefore, for compression to the equal void ratio, the effective
vertical stress required is minimum for remoulded sample and
maximum for the reconstituted sample with 15% cement content.
This is the clear indication of the improvement in the
compressibility characteristics of Kalomato.

Initial void ratios of the undisturbed samples from two
different tubes are found to be different but the compression
index (Cc) and swelling index (Cs) are almost equal which are
0.992 and 0.119 respectively. It is because of the sample (UD1)
has exerted higher pressure in the past i.e. higher over
consolidation ratio.  Whereas, the remoulding changes the
compression behavior of the soil and the value of Cc decreases
to 0.47 which is mainly due to the loss of soil structure after
remolding (Liu et al., 2000).

When the soil is reconstituted with cement, the
compression index of the soil changes with the curing time and
cement content. Based on the curing time of the sample, early
days sample is more compressible than the fully cured sample

but there is no significant difference in swelling index.  Effect
of cement content is observed as the predominating factor for
compression behaviour of reconstituted soil samples. Higher
the cement content higher will be the compression index and
primary yield strength of soil however swelling index is highest
for remolded natural soil and its value is decreased with increase
in cement content (Table 3).  Including the undisturbed samples,
it has the highest compression and swelling indices. Therefore,
the compression behavior is control by the soil structure
(cementation effect) of natural and reconstituted clay.

The compression index (Cc) and swelling index (Cs) of
all the soil sample are presented in (Table 3). For the better
visualization and understanding, the indices are plotted in Fig.
4. It is found that Cc increases gradually with increase in cement
content of the sample on the other hand Cs decreases with the
increase of cement content. There are various empirical
relationships between Cc and Cs is presented by different
researchers (Look and William, 1994). The interdependency
between Cc and Cs of reconstituted soil is studied and found
that when Cc increases the Cs will decrease significantly.
Similarly, ratio of the indices (Cc/Cs) is also increased with
increase in the value of Cc.

From the laboratory investigation of Kalomato, the
physical properties determined i.e. specific gravity, liquid limit,
plastic limit, field density and field moisture content are within
the ranges observed by the previous researchers. The compression
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Fig. 4: Relationships between compression index, swelling index and cement content

Table 3: Compression and swelling index for different soil specimen
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soft Bangkok clay. Soils and Foundations, v. 46(5), pp.
629–638.

Broms, B., 1984, Stablisation of soft clay with lime columns.
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Handali, S., Neupane, R., Upadhyay, H.B., and Acharya, G.,
2011, Engineering Characteristics of Kalomato Organic
Soil From Kathmandu. Majalah Ilmiah UKRIM, v. XVI(2),
pp. 33–40.

Horpibulsuk, S., Liu, M.D., Zhuang, Z., and Hong, Z., 2016,
Complete Compression Curves of Reconstituted Clays.
International Journal of Geomechanics, v. 16(2), pp. 1–5.

Khadka, P.B., 2011, Stress-Strain and Strength Behavior of
Undrained Organic Soil in Kupondol, Kathmandu. Journal
of the Institute of Engineering, v. 8(1), pp. 113–118.

Kharel, B.D., Piya, B., Singh, V.K., Shrestha, N.R., Khadka,
M.S., Bhandari, R., and Muenstermann, D., 1998, Final
Report, Hydrogeological Conditions and Potential Barrier
Sediments in Kathmandu valley, Nepal.

Liu, M.D., Carter, J.P., Desai, C.S., and Xu, K.J., 2000, Analysis
of the compression of structured soils using the disturbed
state concept. International Journal for Numerical and
Analytical Methods in Geomechanics, v. 24(8), pp.723–735.

behavior is of undisturbed samples are also found to be similar
(Handali et al., 2011; Khadka, 2011). Therefore, the compression
behavior of cemented Kalomato found in this study can be used
as reference behavior to the soft clay present in the Kathmandu
Valley.

CONCLUSIONS

The study on undisturbed, remoulded and reconstituted
Kalomato revealed that the presence of structures in the clay
matrix significantly affects the compression behaviour of soil.
The compression index of undisturbed and remoulded soil is
found as the maximum and the minimum respectively. The
compression behavior of reconstituted soil indicates that the
compression index tends to increase while swelling index
decreases with the cement content. More importantly, the load
required to compress the soil to the equal void ratio increases
to almost 3 times of the undisturbed soil and 7 times of the
remoulded soil when cement content increases to 15%.  This
shows that cement is very effective to improve the compression
characteristics of the Kalomato. The finding of the study can
be used as reference behaviour of the soft clay exist in the
Kathmandu Valley because the physical and compression
properties of the study material are similar to the many samples
from different locations.
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