Proceedings of International Conference on Planning, Architecture and Civil Engineering, 9 - 11 February 2017,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Study on Consolidation Characteristics of Khulna Clay
J. TASNIM1, J. FERDOUS1, M. ROKONUZZAMAN2
Department of Civil Engineering, KUET, Bangladesh (jis1101115@gmail.com)
Department of Civil Engineering, KUET, Bangladesh (Rokoncekuet@yahoo.com)

1
2

Abstract
A comparative study of consolidation parameters of disturbed, undisturbed and reconstituted samples for varying
time and load increment ratio was carried out. Undisturbed sample was collected as block sample. Reconstituted
sample was prepared in the laboratory by consolidation of slurry. Disturbed sample for consolidation test was
prepared by mixing water at the amount of 1.25 times of liquid limit of soil. One-dimensional consolidation test
was done for all the samples. For same load increment ratio, compression index changes with sample
disturbance. Void ratio decreases with the increase of vertical effective stress and void ratio of disturbed soil is
greater than both reconstituted and undisturbed soil. The relation between void ratio and vertical effective stress
remains same for varying load increment. Compression index increases with the increment of load increment
ratio and it is larger for disturbed sample. Pre-consolidation pressure is greater for undisturbed sample than both
disturbed and reconstituted sample. Compression index slightly decreases with the increase of time which is
negligible. Finally according to unified soil classification system our sample is CH which means inorganic clay
with high plasticity.
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1 Introduction
The soil type of Khulna region is mainly soft clayey. Some problems are arising day by day due to this type of
soil. Considerable settlement is occurring in the foundation and because of this huge settlement, structures are
failing. Geotechnical Engineers of Bangladesh are developing program for such a soil. So it is very important to
overview the consolidation characteristics of Khulna clay. Good quality of soil may not be available easily. The
importance of suitable amount of soil is very much cardinal for using in the construction of roads, highways and
foundations (Pal and Pal, 2014). Settlement of the subsoil poses threat to the structures due to stability problems
which needs to be settled before planning any engineering project. The factors on which consolidation
characteristics of a soil mainly depend are the clay contents and plasticity index. Settlement potential of soil
increases with increase of these values. On the other hand higher values of these characteristics are not required
for use of such soil under foundations and roads etc. Various steps are taken to reduce the settlement potential of
such soils (Sohail et al., 2012). When fine-grained soils are subjected to changes in load due to construction, they
deform in a way different from that of coarse-grained materials. Their deformation takes place not only at the
time of the load application, but also continues for very long time periods which may last several years. The
long-term settlement of fine-grained soil layers is primarily controlled by consolidation, a physical process in
which the interstitial water that is under excess pressure slowly diffuses through the compressible matrix of soil
particles. The properties that characterize the amplitude and rate of deformation for fine-grained soils are
determined in the consolidation test. (Bardet, 1997) From consolidation test amount of settlement experienced by
a soil-structure after load application, rate of consolidation of soil under a normal load, degree of consolidation at
any time, pressure void ratio relationship, coefficient of consolidation at various successively increasing
pressures, permeability of soil at various stages of loading and compression index of soil can be determined. This
information can be used to predict the time rate and extent of settlement of structures founded on fine-grained
soils. It is also helpful in analyzing the stress history of soil. Since the settlement analysis of the foundation
depends mainly on the values determined by the test, this test is very important for foundation design. The
present paper illustrates a comparative study of consolidation behavior of disturbed, reconstituted and
undisturbed soil of Khulna Clay.
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2 Methodology
2.1 Study Area and Data
In the current study, disturbed sample was collected from 1.5m to 3m below the surface of, extension project
Civil Engineering Department of Khulna University of Engineering & Technology, Khulna (KUET) at
Fulbarigate, Khulna, Bangladesh. Disturbed sample was collected from the excavation area of foundation by
Auger Boring method. As undisturbed sample, block sample was collected. Table 1 shows index properties,
grain size fractions and classification of the soil used. According to Unified Soil Classification System (USCS),
the soil was inorganic clay with high plasticity.
Table 1. Index properties, grain size fractions and classification of the soil used
Specific
Gravity,

Liquid
Limit,

Plastic
Limit,

Plasticity
Index,

Gs

LL

PL

PI

2.78

50

27

23

Particle Size Distribution

USCS

Sand

Silt

Clay

(%)

(%)

(%)

8

44

48

Symbol

CH

2.2 Sample Preparation and Testing
Reconstituted samples of Khulna clays were prepared in the laboratory K 0-consolidation of uniform slurry of the
clay in cylindrical consolidation cell of 102 mm diameter and 153 mm in height which had a water content of
approximately 1.5 times the liquid limit of the soil. (Siddique et al., 2006) Initially the slurry was allowed to
consolidate by the self –weight of the sample and then gradually increased to 27 KN/m2 over a period of about
fourteen to fifteen days. A soil cake of about 95 mm (3.75 in) thickness was obtained. Disturbed samples of
Khulna clays were prepared in the laboratory having moisture content of about 1.25 times of liquid limit of the
soil.
After collecting block samples from excavation area, the large soil blocks were sliced into small blocks by sharp
knife. The small blocks were trimmed by piano weir to prepare nominal dimension of 6.35 cm diameter by 2.54
cm height for one-dimensional consolidation test. After preparing reconstituted soil cake from disturbed sample
in a large consolidation cell, the soil cake was sliced into small pieces and the then small pieces were trimmed by
piano weir of the same size as mentioned earlier. After preparing disturbed sample by mixing water to water
content near about 1.25 times of liquid limit, the soil paste was poured in the floating ring keeping in mind that,
there should be no bubble in the soil. The testing programme consists of one-dimensional consolidation test by
Oedometer. Block, Reconstituted and Disturbed samples were conducted to determine the disturbance behavior
of soil for various time increments and load increment ratios. Stress increment ratio of 1.00, 1.25 and 1.50 were
used. For load increment ratio of 1.00, the vertical loads applied in each test were 8 kg, 16 kg, 32 kg, 64 kg, 128
kg and 256 kg. For load increment ratio of 1.25, vertical loads were 8 kg, 18 kg, 40 kg, 91 kg and 205 kg. For
load increment ratio of 1.50, the vertical loads were 8 kg, 20 kg, 50 kg, 125 kg and 315 kg. Duration of each
loading and unloading steps were approximately 24 hours. During the test, drainage was permitted from the
bottom of the sample and for each loading step, dial gauge deformations were recorded for each specified
intervals of time.
3 Results and Discussion
The main objectives of this study were to find the effect of the disturbance on consolidation parameters and to
compare Cc and pre-consolidation pressure for varying time and load increment ratio. For this purpose onedimensional consolidation tests were conducted on a number of samples. The results are discussed below3.1 Effect of Sampling
Plots of compression index verses sample disturbance:
Figure 1 shows the effect of load increment ratio on compression index verses sample disturbance. The salient
features as can be seen from the figure are as followsi.
ii.

For same load increment ratio, compression index changes with sample disturbance
Compression index increases with the decrease of load increment ratio.
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Figure 1. Effect of load increment ratio on compression index verses sample disturbance.
3.2 Effect of Load Increment Ratio on Consolidation Parameters
Plots of void ratio verses vertical effective stress:
The salient features can be seen from the figures 2, 3 and 4 are as followsi.
ii.
iii.

The void ratio of disturbed sample is much greater with respect to vertical effective stress in comparison
with undisturbed and reconstituted soil sample.
The void ratios of both undisturbed and reconstituted soil samples are almost similar for each load
increment ratio.
The void ratio decreases with the increment of effective stress and it starts increasing during unloading
i.e. decease of effective stress. But after fully unloading, void ratio cannot reach at its’ initial value.

Figure 2. Comparison of void ratio verses vertical effective stress plots of undisturbed, reconstituted and
disturbed samples of Khulna clay in one-dimensional consolidation test for load increment ratio of 1.0.
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Figure 3. Comparison of void ratio verses vertical effective stress plots of undisturbed, reconstituted and
disturbed soil sample of Khulna clay one-dimensional consolidation test for load increment ratio of 1.25.

Figure 4. Comparison of void ratio verses vertical effective stress plots of undisturbed, reconstituted and
disturbed soil sample of Khulna clay one-dimensional consolidation test for load increment ratio of 1.5.
Plots of compression index verses load increment ratio:
The salient features can be seen from the figure 5 are as followsi.
Compression index increases with the increment of load increment ratio.
ii.
Compression index of disturbed sample is larger than reconstituted sample.
iii.
Compression index is almost similar for both reconstituted and undisturbed soil sample.
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Figure 5. Comparison of compression index verses load increment ratio plots of undisturbed, reconstituted and
disturbed soil sample of Khulna clay one-dimensional consolidation test.
Plots of pre-consolidation pressure verses load increment ratio:
The salient features can be seen from the figures are as followsi.
Pre-consolidation pressure is greater for undisturbed sample than both disturbed and reconstituted
sample.
ii.
Pre-consolidation pressure first decreases and then increases for both undisturbed and reconstituted
sample.
iii.
Pre-consolidation pressure first increase and then decrease for disturbed sample.

Figure 6. Comparison of pre-consolidation pressure verses load increment ratio plots of undisturbed,
reconstituted and disturbed soil sample of Khulna clay one-dimensional consolidation test.
Plots of compression index verses time increment:
The salient features as can be seen from the figures are as followsi.
Compression index slightly decreases with the increase of time.
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Figure 7. Comparison of compression index verses time increment plots of undisturbed, reconstituted and
disturbed soil sample of Khulna clay one-dimensional consolidation test.

4 Conclusions
On the basis of test results on disturbed, undisturbed and reconstituted Khulna clay, following conclusions may
be drawn For same load increment ratio, compression index changes with sample disturbance. With the increase
of load increment ratio, compression index decreases.
 Void ratio decreases with the increase of vertical effective stress and void ratio of disturbed soil is
greater than both reconstituted and undisturbed soil. The relation between void ratio and vertical
effective stress remains same for varying load increment.
 Compression index increases with the increment of load increment ratio and it is larger for disturbed
sample.
 Pre-consolidation pressure is greater for undisturbed sample than both disturbed and reconstituted
sample because, soil below ground stays under pressure for several years and it develops a pressure. For
undisturbed sample it does not release but for disturbed sample pressure is fully released so it shows
less value. For reconstituted sample, disturbed samples are kept under the same pressure as it was below
the ground but for just several days or weeks so it gains a little bit pre-consolidation pressure than
disturbed sample.
 Compression index slightly decreases with the increase of time which is negligible.
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