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ABSTRACT

Keywords: Embankment, Settlement, Soft Soil, Elastoplastic method, Finite Element
method, Sub-loading tij model, Soil parameters

Settlement Analysis and calculation is a paramount concern for any geotechnical engineer. The
prediction of embankment settlement is a critically important issue for the serviceability of
subgrade projects. To ensure the design grade of embankment, we have to calculate settlement
specially differential settlement. Our thesis research is about the prediction of embankment
settlement in soft type of soil and comparison between subloading tij model and conventional
method.

For this reason, we have selected the southern part of Bangladesh, Particularly, Khulna region.
We have collected our soil sample from just one site — Sheikh Abu Naser Specialized Hospital
area. We have collected soil sample from 3 different depths(6’,12°,18”) .From FEM tj; model ,
we have calculated the settlement value=0.62 m and from conventional method the settlement
value= 0.86 m. These two values are quite identical. So, our research is quite satisfying in this
manner.

For proper modeling of any soil. In this research, subsoil characteristics of study locations are
presented based on field and laboratory test results. Elasto-plastic constitutive model parameters
of study locations soil has been determined for extended sub-loading tij model. Using these
parameters, settlement of embankment in soft soil has been estimated. Considering the effect of
settlement in 1D Finite Element analysis has been conducted. It is found that settlement
determined by the conventional methods match well with the results of the numerical
simulations.
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Chapter 1: Introduction

1.1 General

In geotechnical engineering, settlement is defined as the vertical movement of the ground,
generally caused by changes in stresses within the earth. Settlements most likely to occur when
increased vertical stresses are applied to the ground on or above soft or loose soil strata.

Differential settlement occurs when the soil beneath the structure expands, contracts or shifts
away. This can be caused by drought conditions, the root systems of maturing trees, flooding,
poor drainage, frost, broken water lines, vibrations from nearby construction or poorly
compacted fill soil. The prediction of embankment settlement is a critically important issue for
the serviceability of subgrade projects, especially the post-construction settlement. A number of
methods have been proposed to predict embankment settlement; however, all of these methods
are based on a parameter, i.e. the initial time point. The difference of the initial time point
determined by different designers can definitely induce errors in prediction of embankment
settlement.

The purpose of laboratory test in geotechnical engineering is to find out the soil parameters
which will be used to performing analyses of settlement calculation of embankment. The
laboratory tests included soil classification, unit weight, and most importantly consolidation.
Sometimes it is not possible to determine all the parameters of soil due to different problems. But
there are empirical equations established. From these equations if we know the value of one
parameter, we can determine others.

Our thesis research is about the prediction of the embankment settlement in soft type of soil and
comparison between Subloading ti; model and Conventional method. For this reason we have
selected the southern part of Bangladesh, particularly Khulna region. We have collected our soil
sample from just one site- Sheikh Abu Naser Specialized Hospital area. We have collected soil
sample from 3 different depths (6°, 12’ and 18”). After collecting the soil sample, we performed
the laboratory tests to obtain the soil parameters data. By using these data in both our
conventional method calculation and software based analysis, we found that the predicted value
of embankment settlement almost nearly matches. In that sense, we can say that our analysis
through the FEM analysis can be declared to accurate as it matched with conventional method
calculation value.

The phenomenon of predicting settlement is related to many civil engineering structures as it is
becoming more common and frequent to construct structures on soft soils. However, accurate
prediction of embankment’s settlement is particularly difficult concerning complicated
consolidation process and water-soil interaction. Finally, we can depend more on the settlement
value obtained from the software based analysis because it is more accurate as it takes into
consideration of the terms like soil-water interaction, coupling etc.
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1.2 Objectives of the study
1. Predicting embankment settlement for soft clay by FEM analysis (Subloading ti; model)
2. Analyzing settlement using conventional method

3. Comparison between the results from FEM analysis (Subloading ti; model) and
conventional method.

1.3 Scope of the study

1. The calculated/predicted value of settlement can help us in designing the appropriate
foundation type for soft type of soil.

2. The subgrade structures like embankment’s design and construction can be highly affected in
economic aspects if we can predict the accurate value of settlement.

3. In this study we calculate the settlement rate, for reducing the settlement time, we can also
consider which technology should be adopted for this region like PVD, geo-textile, geo-fiber and
other modern technologies.

4. We can also incorporate salinity effect which can affect our result.



Chapter 2: Literature Review
2.1 General

Literature review has been done to identify the so far studies related to this field.

Different types of analysis for settlement of embankment have been conducted-

Balasubramaniam et al. conducted some analysis on embankment settlement, basically giving
priority on highway embankment. The fundamentals of preloading techniques with and without
PVD (Pre-fabricated Vertical Drains) as ground improvement measures are also included.

Chunlin Li et al. conducted some analysis for prediction of embankment settlement in clays.
This paper proposed a concept named “Potential Settlement” and a simplified method based on
in-situ data. Finally, an example was used to demonstrate the advantage of proposed method by
comparing with other methods.

Jia Xie et al. conducted some analysis about long-term performance prediction of road
embankment on estuarine deposits. In this paper, a case study was carried out to back analyze the
long term settlement of road embankment. Following the back calculation of the key
consolidation parameters by curve fitting method, the post construction settlement were re-
assessed by numerical analysis.

Ir.Tan Yean Chin et al. conducted some analysis on embankment over soft clay. Basically, in
this paper presents a set of guidelines for the design and selection of construction methods for
embankment taking into considerations of safety, direct/indirect cost, settlement and other
benefits.

Surachat Sambhandharaksa et. al conducted their research based on Terzaghi and Peck(1948)
and POULOS and Davis(1980)’s method. The Poulos method is not very successful for cases
where pile tips are in clays.The Terzaghi estimation should include sand settlement yielding
conservative result.

N. Loganathan et. al conducted their research by using a new methodology termed ‘Field
Deformation Analysis(FDA)” which is based on simple concept dealing with lateral and vertical
deformation characteristics of soft foundation under embankment stage loading.
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2.2 Summary

From different research paper review we have come to know that the settlement calculation for
embankment have been conducted in different countries, but for Bangladesh in soft type of soil
no such research has been conducted yet, also software based calculation/ prediction has been
rarely found in this particular field. And in embankment’s settlement estimation sub-loading t;j
model for FEM analysis is very much convenient and gives more accurate result than
conventional method calculation.



Chapter 3: Methodology

3.1 General

As the study has a wide insight on a variety of aspects, different methods were adopted in order
to achieve the objective of this study properly. And by implementing these methods, a direct
approach has been set out to fulfill the scope of the study. In this chapter, the methods adopted
and implemented are discussed thoroughly.

3.2 Study Area

Our research is about the prediction of settlement of embankment in soft soil. For this purpose,
we have selected Khulna region which is situated at the southern part of Bangladesh. We have
collected our soil sample from just one site- Sheikh Abu Naser Specialized Hospital area (figure
3.1). We have collected soil sample from 3 different depths (6°, 12° and 18”). All these locations
are shown in figure 3.1. In this study, the physical and geotechnical properties are carried out
with the help of field observations and different laboratory tests.

Goalkhali
Residen.tial Area
N L]

Sampan Lake Park g

Figure 3.1 Study area near Sheikh Abu Naser Specialized Hospital
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3.3 Material Collection

Soil samples are collected as boring sample using Shelby tubes. It is thin-walled open-tube
samplers are designed for taking samples in soft and firm cohesive soils. These samplers have a
much lower area ratio (approximately 10%) than U100 samplers and therefore give less
disturbed samples. However, some disturbance is caused due to friction of the sample on the
inside of the sample tube. Each tube has one end that is chamfered to form a cutting edge and the
upper end includes holes for securing the tube to a drive head. Shelby tubes are useful for
collecting soils that are particularly sensitive to sampling disturbance, including fine cohesive
soils and clays.

The tubes can also be used to transport samples back to the lab as well.

Figure 3.2. Shelby Tubes
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So, the samples were undisturbed. The length of the each tube was 450 mm. We have collected
samples from different depths of earth i.e. 6ft, 12ft, 18ft below from the earth surface. These
samples are then tested in laboratory by different experimental procedures.

Figure 3.3 Soil sample collection from site and collected undisturbed sample in Shelby tube
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3.4 Laboratory Experiments

We have performed several laboratory tests in the laboratory to determine various soil
parameters. The tests we have performed are described briefly here.

3.4.1 Specific Gravity of Soil

Specific gravity (Gs) is defined as the ratio of the weight of an equal volume of distilled water at
that temperature both weights taken in air. We have determined specific gravity of soil. We have
followed procedure described below:

First we had cleaned and dried pycnometer. Then we had taken water into the
pycnometer up to the mark and taken weight W4.

Then we had put the water out and taken 50 gm of oven dried soil in the pycnometer and
took some water into it.

Then we took the pycnometer and submerged it into boiling water and stirred it for 10
minutes. After 10 minutes we pulled the pycnometer out of water and kept it in rest to
get cool down.

After that we filled the pycnometer up to mark with water and taken weight W,. We
have determined the water temperature and from chart we got specific gravity of water at
that temperature.

Then from these value we calculated specific gravity three times and taken the average
value.

Figure 3.4 Laboratory test of determination of Specific gravity of soil.
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We have measured specific gravity (Gs) of soil samples (Table 3.2), to calculate the soil
properties like VVoid Ratio (e.), Degree of Saturation etc. Data we collected during the test:

Table 3.1 Specific gravity value of soil sample
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3.4.2 Grain Size Analysis

In order to classify a soil for engineering purposes, one needs to know the distribution of the size
of grains in a given soil mass. Sieve analysis is a method used to deter mine the grain size
distribution of soils. The method of sieve analysis described here is applicable for soils that are
mostly granular with some or no fines. Sieve analysis does not provide information as to shape
of particles.

We have followed procedure described below:

VI.

VII.

VIII.

10

Collect a representative oven dry soil sample. Samples having largest particles of the size
of No. 4 sieve openings (4.75 mm) should be about 500 grams. For soils having largest
particles of size greater than 4.75 mm, larger weights are needed.

Break the soil sample into individual particles using a mortar and a rubber-tipped pestle.
(Note: The idea is to break up the soil into individual particles, not to break the particles
themselves.)

Determine the mass of the sample accurately to 0.1 g CW).

Prepare a stack of sieves. A sieve with larger openings is placed above a sieve with
smaller openings. The sieve at the bottom should be No. 200. A bottom pan should be
placed under sieve No. 200. As mentioned before, the sieves that are generally used in a
stack are Nos.4, 10, 20, 40, 60, 140, and 200; however, more sieves can be placed in
between.

Pour the soil prepared in Step 2 into the stack of sieves from the top.

Place the cover on the top of the stack of sieves.

Run the stack of sieves through a sieve shaker for about 10 to 15 minutes.

Stop the sieve shaker and remove the stack of sieves.

Weigh the amount of soil retained on each sieve and the bottom pan.

If a considerable amount of soil with silty and clayey fractions is retained on the No. 200

sieve, it has to be washed. Washing is done by taking the No. 200 sieve with the soil
retained on it and pouring water through the sieve from a tap in the laboratory
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Sieve Analysis Data Sheet

Abu Naser Chowdhury

Location: Hoenital Khiilna
Sample Depth: 6ft Sp. Gravity, Gs 2.59
Weight of Container (g): 2462.0 Weight of Container & Soil (9): 2961.0
Weight of Dry Sample (g): 499.0
Sieve Number Diameter Mass of Sieve | Mass of Sieve | Soil Retained | Soil Retained | Soil Passing
(mm) (9) & Soil (g) (9) (%) (%)
#4 4.75 334 439 105.0 21.0 79.0
#8 2.36 329 463 134.0 26.9 52.1
#16 1.18 318 421 103.0 20.6 31.5
#30 0.60 311 350 39.0 7.8 23.6
#50 0.30 301 325 24.0 4.8 18.8
#100 0.15 298 347 49.0 9.8 9.0
#200 0.075 273 299 26.0 5.2 3.8
Pan 298 317 19.0 3.8 0.0
TOTAL: 499 100.0
#4 Coarse #10 Medium #40
GRAVEL | SAND SAND 1 #2100 SILT/CLAY
100 T r T I
90 T
80 T
(o)) 0 T
c I
‘nw 60 T
)] T
o] T
o 50 T
N I
40 +
30 <
20 T
10 T
0 + ——t
10.00 1.00 0.10 0.01

Particle Diameter (mm)

Dy 0.108 C.: 18.52
Dag: 1.1 C.. 5.60
Dgo: 2

Table 3.2.1 Sieve analysis data ( 6 soil sample )
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Sieve Analysis Data Sheet

Abu Naser Chowdhury

Location: Haenital Khiilna
Sample Depth: 12ft Sp. Gravity, Gs 2.11
Weight of Container (g): 2513.91 Weight of Container & Soil (g): 2814.28
Weight of Dry Sample (g): 300.37
Sieve Number Diameter Mass of Sieve | Mass of Sieve | Soil Retained | Soil Retained | Soil Passing
(mm) (9) & Soil (g) (9) (%) (%)
#4 4.75 335.59 343.96 8.4 2.8 97.21
#8 2.36 329.67 388.42 58.8 19.6 77.65
#16 1.18 319.41 410.21 90.8 30.2 47.42
#30 0.60 311.07 353.67 42.6 14.2 33.24
#50 0.30 302.3 327.1 24.8 8.3 24.99
#100 0.15 300.01 332.92 32.9 11.0 14.03
#200 0.075 317.03 318.24 1.2 0.4 13.63
Pan 298.83 339.76 40.9 13.6 0.00
TOTAL: 300.37 100.0
#4  Coarse #10 Medium #40 #200 SILT/CLAY
GRAVEL " saND SAND | |
100 T T
90
80
o 0
c
‘n 60
?
o 50
§
40
30
20
10
0
10.00 1.00 0.10 0.01

Particle Diameter (mm)

Dy 0.075 C.: 14.27
Dao: 0.138 Ce. 0.24
Dgo: 1.07

Table 3.2.2 Sieve analysis data ( 12’ soil sample )

12
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3.4.3 Atterberg Limit of Soil

Liquid Limit is the minimum water content at which the soil is still in the liquid state, but has a
small shearing strength against flow. The water content at which a soil will just begin to crumble
when rolled into a thread approximately 1/8" (3 mm) in diameter. Plasticity index is the
difference in moisture content of soils between the liquid and plastic limits expressed in
percentage.

We have done Atterberg limit test to calculate Liquid Limit (LL) and Plastic Limit (PL) and
Plasticity Index (PI) of the soil samples.

ey

i)
1% . \f- CLEL AR
\. '.
e 4
\! B, |
Y

Figure 3.5 Determination of Atterberg Limit of Soil
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3.4.3.1 Determination of Liquid limit (LL)

The procedure of determining liquid limit of soil:

VI.

VII.

VIII.

14

Place a portion of the paste in the cup of the liquid limit device.
Level the mix so as to have a maximum depth of 1cm.

Draw the grooving tool through the sample along the symmetrical axis of the cup,
holding the tool perpendicular to the cup.

For normal fine grained soil: The Casagrande tool is used to cut a groove 2mm wide at
the bottom, 11mm wide at the top and 8mm deep.

For sandy soil: The ASTM tool is used to cut a groove 2mm wide at the bottom, 13.6mm
wide at the top and 10mm deep.

After the soil pat has been cut by a proper grooving tool, the handle is rotated at the rate
of about 2 revolutions per second and the no. of blows counted, till the two parts of the
soil sample come into contact for about 10mm length.

Take about 10g of soil near the closed groove and determine its water content.

The soil of the cup is transferred to the dish containing the soil paste and mixed
thoroughly after adding a little more water. Repeat the test.

By altering the water content of the soil and repeating the foregoing operations, obtain at
least 5 readings in the range of 15 to 35 blows. Don’t mix dry soil to change its
consistency.

Liquid limit is determined by plotting a ‘flow curve’ on a semi-log graph, with no. of
blows as abscissa (log scale) and the water content as ordinate. Then after plotting we
have determined the water content at 25 blow. That is the liquid limit (LL).
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3.4.3.2 Determination of Plastic limit (PL)
The procedure of determination of plastic limit of soil:

Take about 8g of the soil and roll it with fingers on a glass plate. The rate of rolling
should be between 80 to 90 strokes per minute to form a 3mm dia.

If the dia. of the threads can be reduced to less than 3mm, without any cracks appearing,
it means that the water content is more than its plastic limit. Knead the soil to reduce the
water content and roll it into a thread again.

Repeat the process of alternate rolling and kneading until the thread crumbles.

Collect and keep the pieces of crumbled soil thread in the container used to determine the
moisture content.

Repeat the process at least twice more with fresh samples of plastic soil each time.

3.4.3.3 Determination of Plasticity Index (PI)

Plasticity index is the difference in moisture content of soils between the liquid and plastic limits
expressed in percentage.

Plasticity index Pl = LL-PL

15
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Atterbera Limit Test

Plastic Limit : Wp 30.52
Liquid Limit: Wi 54.2 Chart Title
Plasticity Index WI-Wp 23.68
55
54.5
No. of blows Wateroiontent 54
15 54.45 S 35
19 54.26 53
23 54.5 5
27 53.71
52
35 52.46 0 5 10 15 20 25 30 35 40
Blows

Table 3.3.1 Atterberg limit test (6> Soil Sample)

Atterberg Limit Test

Plastic

Limit : Wp 36.238
Liqui
Liqr:it‘:’ wi 69 0
Plasticity Water content %
WI-Wp 32.762
Index 72
70
No. of Water 68
blows [content %
66
11 59.18
13 62.5 64
19 68.98
22 70 62
27 68.44

60

58

Table 3.3.2 Atterberg limit test (18 Soil Sample)

16
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3.4.4 Consolidation Test of Soil

A test in which an undisturbed sample of clay measuring 6 cm in diameter and 2 cm thick is
confined laterally in a metal ring and compressed between two porous plates that are kept
saturated with water. A load is applied and the clay consolidates, the excess pore water escaping
through the porous stones. After each increment of load is applied, it is allowed to remain on the
sample until equilibrium is established, and a consolidation curve showing the deformation with
time is obtained for each increment.

For performing consolidation test of soil we have done Oedometer test (Figure 3.11) of soil
sample which measures soil’s consolidation properties i.e. Compression Index (Cc) and Void
Ratio (e)). Oedometer tests are performed by applying different loads to a soil sample and
measuring the deformation response. The results from these tests are used to predict how a soil in
the field will deform in response to a change in effective stress.

Oedometer Test Procedure:

I.  Clean and dry the metal ring. Measure its diameter and height. Take the mass of the
empty ring.
II.  Press the ring into the soil sample contained in a large container at the desired density and
water content. The ring is to be pressed with hands.
III.  Remove the soil around the ring. The soil specimen should project about 10mm on either
side of the ring. Any voids in the specimen due to the removal of large size particles
should be filled back by pressing the soil lightly.

IV.  Trim the specimen flush with the top and bottom of the ring.

V. Remove any soil particles sticking to the outside of the ring. Weigh the ring with the
specimen.

VI. Take a small quantity of the soil removed during trimming for the water content
determination.

VII.  Saturate the porous stones by boiling them in distilled water for about 15min.
VIII.  Assemble the Consolidometer. Place the bottom porous stone, bottom filter paper,
specimen, top filter paper and the top porous stone, one by one.

IX.  Position the loading block centrally on the top porous stone. Mount the assembly on the
loading frame. Centre it such that the load applied is axial. In the case of the lever loading
system, counterbalance the system.

X.  Set the dial gauge in position. Allow sufficient margin for the swelling of the soil.

XI.  Connect the mold assembly to the water reservoir having the water level at about the

same as the soil specimen. Allow the water to flow into the specimen till it is fully
saturated.
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Take the initial reading of the dial gauge.

Apply an initial setting load to give a pressure of 2kg to the assembly so that there is no
swelling. Allow the setting load to stand till there is no change in the dial gauge reading
or for 24 hours.

Take the final gauge reading under the initial setting load.

Apply the first load increment to apply a pressure of 4kg, and start the stop watch.

Record the dial gauge readings at 0.05, 0.1, 0.25, 0.5, 1, 2, 4, 8, 15, 30, 60minutes.

Increase the load to apply a pressure of 8kg and repeat the step (15). Likewise increase
the load to apply a pressure of 16, 32 or upto the desired pressure.

After the last load increment had been applied and the readings taken, decrease the load
to 1/4 of the last load and allow it to stand for 24 hours. Take the dial gauge reading after
24 hours. Further reduce the load to 1/4 of the previous load and repeat the above

procedure. Likewise, further reduce the load to 1/4 previous and repeat the procedure.

Finally reduce the load to the initial setting load and keep it for 24 hours and take the
final dial gauge reading.

Dismantle the assembly. Take out the ring with the specimen. Wipe out the excess
surface water using a blotting paper.

Take the mass of the ring with the specimen.

Dry the specimen in the oven for 24 hours and determine the dry mass of specimen.



Figure 3.6 Consolidation Test
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Consolidation Test
Geotechnical Engineering Laboratory
Department of Civil & Environmental Engineering

Islamic University of Technology (IUT)

Date of Performance; Jul-18 Boring no. 6ft
Specific gravity, Gs=|  2.59 e0= 2.5933
Weight of dry soil (gm), Ws=|  28.84 Cc=0.9836
Sample height (mm) Ho=| 20 Cs=0.0125
Diameter (mm), d =| 5047 a7 2T68E-03 mi/kN
Area of the ring (mm”2)| 20005873 ¢~ 26440 cmzlday
Volume (cm3), V| 40.0117 mz=0.001014  m?kN
Initial void ratio, £0|2.5933
Hs (mm)| 55659 Tug= 0848
Water Content, w (%)| 100.6500

Table 3.4.1 Consolidation Test (6’ sample)
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NZBH-025, UD-01: e- log P (To find Pc)

Trend line equation (Polynomial, 2 degree):
y = -0.054x2 + 0.0453x + 0.9853
Rz =0.9982

2.500

2.000

y 1.5005—.15x + 2.0309

y =-0.9836x + 3.8112

1.000

0 0.5 1 15 2 2.5
log 10"P (kPa)
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Consolidation Test
Geotechnical Engineering Laboratory
Department of Civil & Environmental Engineering

Islamic University of Technology (IUT)

Date of Performance: Jul-18 Boring no. 12gt
Specific gravity, Gs = 2.11 e0=1.4514
Weight of dry soil (gm), Ws=|  34.44 Cc=0.5578
Sample height (mm) Ho = 20 Cs=0.0163
Diameter (mm),d =| 5047 a,= i mYKN
Area of the ring (mm”2)| 2000.5873 ¢~ 1.295 cm2/day
Volume (cm™3), V|  40.0117 m,= 0.001494  m%kN
Initial void ratio, e0|1.4514
Hs (mm)| 8.1587 Tvg= 0848
Water Content, w (%) 82.1400

Table 3.4.2 Consolidation Test (12’ sample)
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NZBH-025, UD-01: e- log P (To find Pc)

Trend line equation (Polynomial, 2 degree):
y = -0.054x2 + 0.0453x + 0.9853

R2=0.9982
_ ~
ﬁ*\:\
I I I I
y =-0.5578x + 2.03
| | | |
y = 2E-15x + 1.031
075 09 115 13 155 175 195 215 235 255

log 10"P (kPa)

2.75
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Consolidation Test
Geotechnical Engineering Laboratory
Department of Civil & Environmental Engineering

Islamic University of Technology (IUT)

Date of Performance: Jul-18 Boring no. 18ft
Specific gravity, Gs = 2.6 e0=2.0206
Weight of dry soil (gm), Ws=|  34.44 Cc=0.6021
Sample height (mm) Ho = 20 Cs=0.0351
Diameter (mm), d=| 5047 a,= 2.6508E-03 mé/kN
Area of the ring (mm”2)| 2000.5873 ¢~ 11778 cmZ/day
Volume (cm™3), V| 40,0117 m=0.001090  m?kN
Initial void ratio, eo|  2.0206
Hs (mm)|  6.6211 Tug= 0848
Water Content, w (%) 103.2100

Table 3.4.3 Consolidation Test (18 sample)
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NZBH-025, UD-01: e- log P (To find Pc)

Trend line equation (Polynomial, 2 degree):

y =-0.054x? + 0.0453x + 0.9853

R2 = 0.9982
72— —
i
y = -0.6021x + 2.6184
| | |
N | | |
——t
y = 1E-15x + 1.6808
0.75 0.95 1.15 1.35 1.55 1.75 1.95 2.15 2.35 2.55

log 10"P (kPa)

2.75
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3.4.5 Hydrometer Test

In geotechnical engineering, hydrometer test is primarily used to know the grain size distribution
of a fine grained soil. In case of fine grained soil, sieve analysis test does not give reliable test
result. This because a fine grained soil consist of different sizes of particles starting from 0.075
mm to 0.0002 mm. and it is not practicable to design sieve having so smaller screen size. Also
there is a chance of loss of sample during sieving. Therefore hydrometer analysis is done for
grain size analysis of fine grained soils.

Procedure of Hydrometer Test

Part — 1: Calibration of Hydrometer

. Take about 800ml of water in one measuring cylinder. Place the cylinder on a table and observe
the initial reading.

Immerse the hydrometer in the cylinder. Take the reading after the immersion.

Determine the volume of the hydrometer (VH) which is equal to the difference between the final
and initial readings. Alternatively weigh the hydrometer to the nearest 0.1g. The volume of the
hydrometer in ml is approximately equal to its mass in grams.

Determine the area of cross section (A) of the cylinder. It is equal to the volume indicated
between any two graduations divided by the distance between them. The distance is measured
with an accurate scale.

. Measure the distance (H) between the neck and the bottom of the bulb. Record it as the height of
the bulb (h).

Measure the distance (H) between the necks to each marks on the hydrometer (Rn).
Determine the effective depth (He), corresponding to each of the mark (Rn) as
1 V
H_=H + —[h -2
2 A
[Note: The factor VH/A should not be considered when the hydrometer is not taken out when
taking readings after the start of the sedimentation at %2, 1, 2, and 4 minutes.]
8. Draw a calibration curve between He and Rn. Alternatively, prepare a table
between He and Rn. The curve may be used for finding the effective depth He corresponding to
reading Rn.

i

Part — 2: Meniscus Correction

Insert the hydrometer in the measuring cylinder containing about 700ml of water.
. Take the readings of the hydrometer at the top and at the bottom of the meniscus.

Determine the meniscus correction, which is equal to the difference between the two readings.
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The meniscus correction Cm is positive and is constant for the hydrometer.
The observed hydrometer reading Rn’ is corrected to obtain the corrected hydrometer
reading Rn as

R,=R,'+C,

Part — 3: Pretreatment and Dispersion

Weigh accurately, to the nearest 0.01g about 509 air-dried soil sample passing 2mm IS sieve,
obtained by riffling from the air-dried sample passing 4.75mm IS sieve. Place the sample in a
wide mouthed conical flask.

Add about 150ml of hydrogen peroxide to the soil sample in the flask. Stir it gently with a glass
rod for a few minutes.

Cover the flask with a glass plate and leave it to stand overnight.

Heat the mixture in the conical flask gently after keeping it in an evaporating dish. Stir the
contents periodically. When vigorous frothing subsides, the reaction is complete. Reduce the
volume to 50ml by boiling. Stop heating and cool the contents.

If the soil contains insoluble calcium compounds, add about 50ml of hydrochloric acid to the
cooled mixture. Stir the solution with a glass rod for a few minutes. Allow it to stand for one
hour or so. The solution would have an acid reaction to litmus when the treatment is complete.

Filter the mixture and wash it with warm water until the filtrate shows no acid reaction.

Transfer the damp soil on the filter and funnel to an evaporating dish using a jet of distilled
water. Use the minimum quantity of distilled water.

Place the evaporating dish and its contents in an oven and dry it at 105 to 110 degree C. Transfer
the dish to a desiccator and allow it to cool.

Take the mass of the oven dried soil after pretreatment and find the loss of mass due to
pretreatment.

Add 100ml of sodium hexa-metaphosphate solution to the oven — dried soil in the evaporating
dish after pretreatment.

Warm the mixture gently for about 10minutes.

Transfer the mixture to the cup of a mechanical mixture. Use a jet of distilled water to wash all
traces of the soil out of the evaporating dish. Use about 150ml of water. Stir the mixture for
about 15minutes.

Transfer the soil suspension to a 75 p IS sieve placed on a receiver (pan). Wash the soil on this
sieve using a jet of distilled water. Use about 500ml of water.

Transfer the soil suspension passing 75 [ sieve to a 1000ml measuring cylinder. Add more water
to make the volume exactly equal to 1000ml.
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Collect the material retained on 75 p sieve. Dry it in an oven. Determine its mass. If required, do
the sieve analysis of this fraction.

Part — 4: Sedimentation Test

Place the rubber bung on the open end of the measuring cylinder containing the soil suspension.
Shake it vigorously end-over-end to mix the suspension thoroughly.

Remove the bung after the shaking is complete. Place the measuring cylinder on the table and
start the stop watch.

Immerse the hydrometer gently to a depth slightly below the floating depth, and then allow it to
float freely.

Take hydrometer reading (Rn’) after 1/2, 1, 2 and 4 minutes without removing the hydrometer
from the cylinder.
Take out the hydrometer from the cylinder, rinse it with distilled water.

Float the hydrometer in another cylinder containing only distilled water at the same temperature
as that of the test cylinder.

Take out the hydrometer from the distilled water cylinder and clean its stem. Insert it in the
cylinder containing suspension to take the reading at the total elapsed time interval of 8minutes.
About 10 seconds should be taken while taking the reading. Remove the hydrometer, rinse it and
place it in the distilled water after reading.

Repeat the step (7) to take readings at 15, 30, 60, 120 and 240minutes elapsed time interval.

After 240 minutes (4 hours) reading, take readings twice within 24 hours. Exact time of reading
should be noted.

Record the temperature of the suspension once during the first 15minutes and thereafter at the
time of every subsequent reading.

After the final reading, pour the suspension in an evaporating dish, dry it in an oven and find its
dry mass.

Determine the composite correction before the start of the test and also at 30min, 1, 2 and 4
hours. Thereafter just after each reading, composite correction is determined.

For the determination of composite correction (C), insert the hydrometer in the comparison
cylinder containing 100ml of dispersing agent solution in 1000 ml of distilled water at the same
temperature. Take the reading corresponding to the top of meniscus. The negative of the reading
is the composite correction.
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Wl VA

Figure 3.7 Hydrometer Analysis

The hydrometer tests were done in our varsity geotech lab.

The test were done according to the standard. The test results are shared in the next page.
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Table 3.5.1 Hydrometer Analysis (6’ Soil Sample)

Hydrometer Analysis lcm= 0.5] lCz= 5| w=
Computaion for Hydrometer Analysis
D %P =
t (min) T(°C) Ra R=RatCm| L (cm) K (mm)=k(Lr.|  Cr a  |Rc=Ra-Cz+CiRc*a*100/W
5) S
0 30 0 05 16.2 0.124 0 36 0.01234 -14 0.015425
0.25 30 315 2 111 0.124 0.82625323 36 0.01234 301 0.9872
05 30 315 2 1115 0.124 0.58556366 36 0.01234 301 0.9872
1 30 31 3L5 1.2 0124 0414983373 36 0.01234 29.6 0.971775
2 30 305 31 11.2 0.124  0.293437557 36 0.01234 29.1 0.95635
4 30 305 31 113 0.124 0.20841593 36 0.01234 29.1 0.95635
8 30 30 30.5 126 0124 0155618765 36 0.01234 28.6 0.940925
15 30 22 225 144 0124 0121494691 36 0.01234 20.6 0.694125
30 30 1 115 154 0124 0083842632 36 0.01234 9.6 0.354775
60 30 5 55 154 0.124 0062821228 36 0.01234 36 0.169675
120 30 5 55 154 0124 0044421316 36 0.01234 36 0.169675
240 30 5 55 154 0124 0031410614 36 0.01234 36 0.169675
480 30 5 55 154 0124 0022210658 36 0.01234 36 0.169675
1440 30 5 55 154 0124 0012823329 36 0.01234 36 0.169675
2880 30 5 55 154 0.124  0.09067463 36 0.01234 36 0.169675
Chart Title
1 r Y o L g \
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
0.1
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Hydrometer Analysis lcm= 0.5]
Computaion for Hydrometer Analysis
D %P =
t (min) T(°C) Ra R=Rat+Cm| L (cm) K (mm)=k((L/t)*. Cr a Rec = Ra-Cz+C{ Re*a*100/W
5) S
0.25 30 30 305 113 01476  0.992328752 38 0.01436 283 1.09495
05 30 30 305 113 0.1476 0.70168239 38 0.01436 283 1.09495
1 30 30 305 13 0.1476  0.496164376 38 0.01436 283 1.09495
2 30 30 305 113 01476  0.350841195 38 0.01436 283 1.09495
4 30 30 305 113 01476  0.248082188 38 0.01436 283 1.09495
8 30 29 295 11.45 0.1476  0.176581055 38 0.01436 273 1.05905
15 30 255 26 12 01476  0.132017453 38 0.01436 238 0.9334
30 30 13 135 141 01476  0.101189462 38 0.01436 113 0.48465
60 30 5 55 15.4 0.1476  0.074777526 38 0.01436 33 0.19745
120 30 5 55 15.4 01476  0.052875696 38 0.01436 33 0.19745
240 30 5 55 15.4 01476  0.037388763 38 0.01436 33 0.19745
480 30 5 55 15.4 0.1476  0.026437848 38 0.01436 33 0.19745
1440 30 5 55 15.4 01476  0.015263899 38 0.01436 33 0.19745
Chart Title
10
. o o o
0 0.2 0.4 0.6 0.8 1 1.2
0.1

Table 3.5.2 Hydrometer Analysis (12’ Soil Sample)
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__

Sp.Gravity, G, 2.59 2.11

Swelling Index, C, .0125 .016 .03
Compression Index, C. .9836 .56 .60
Pre-consolidation 68.17 65.3 37.2
pressure, 6. (Kpa)

Unit wt. of Soil,y..: 14.54 15.37 17.14
(KN/m3)

Water Content,w% 100.65 82.14 103.21
Initial Void Ratio, e, 2.6 1.45 2,02
Liquid Limit,LL% 54.2 61.5 69
Plastic Limit,PL% 30.52 33.12 36.238
Consolidation Co- 7 644*10"-3 1.295*10"-4 1.177*10"-3

efficient,C, (m?/day)

m-mm--

18.52 5.60
12’ .075 138 1.07 14.27 .24

Table 3.6 Soil parameters from laboratory tests

3.5 Conclusion

In this chapter, different methods adopted to achieve the objectives of the study are thoroughly
discussed. Different parameters of soil are explained in order to relate it to the study result.
Experimental method is important in order to set out the scope of the study. So, the methodology
is followed by the result and discussion in the next chapter.
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Chapter 4: Soil Characteristics at the Study Locations

Physically Khulna district is characterized by alluvial formations
caused by several rivers such .Khulna district is mainly formed of olive grey silty

loam and dark grey silty loam soil. The percentage of water content is very high , in most cases,
it was found to be more than 100%. Again, as it is situated adjacent to coastal belt, the high level
salinity is found in the soil. Moreover,in our test sample, we found that , the soil is black in
visibility which suggests it to be organic soil.

By observing and testing we have found similarity

among the soils of study locations in different depths which are shown in Figure
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Figure 3.8 Bore log chart collected from KDA



Chapter 5: Results and Discussions
5.1 General

This chapter deals with the presentation of results obtained from various tests and simulation
conducted on soil. The main objective of the research program was to determine and Predicting
embankment settlement for soft clay by FEM analysis (Subloading tij model) and also by
analyzing settlement using conventional method. Another objective was to make comparison
between the results from FEM analysis (Subloading ti; model) and conventional method.

5.2 Subloading tij Model (Finite Element Method)

In this study we are calculating settlement of soft soil by elastoplastic method .This analysis is
based on Finite Element Method. Here are the interface of our used software.

Here the total depth of the soil is divided into some elements. The depth of the soil is 6m and the
soil was collected from three depths. So every layer of soil is 2m deep. And the total depth is
divided into 24 elements.

23
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The next picture shows the software input interface, where the real life data were put to analyze
using FEM.
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B 1 o, 1 Iz L It L Jan L 15 L En
1|est deta check m/mint
2| 25 24 12000010001 1 2 3 6 8 © 8 0L
3 0.080800 ¢
4 0.250000.
5 .56+
8 0.7500004
7 1.060000+
3 1.2504
9 1.50+
18 1.7504
1 2.000000)
12 2.254
13 2,500
14 2,754
15 3.00
1€ 3.254
17 3.50
18 3.754
19 4.000000 1
28 4,25+
21 §.5.

22 4,754
23 5.0)
24 5,250
25 5.54
26 5,750
27 6.000600 1
28 1 2 1
29 2 3 14
k) 3 4 14
31 4 5 14
32 5 6 14
33 & T 14
34 7 8 14
3/ 8 9 1
26 2 10 2l

52| 25 © 0.00000e-00

53| 0.426800¢-00 0 4500000+00 1,000000e+00 7 000000e-01!
54| 0.2400000-00 0,530000+00 1.000000¢+00 6, 0000000-01.
55| 0.2600000-00 0,710000e+00 1.000000e+00 &,7000000-01!
56| 2.600000e+00 3.0400000-07 0 0 @ 0 B!

S7| 1.4500000+00 2,180000e-07 0 0 0 © 0.

58| 2.0200000+00 1,458000e-07 0 0 0 0 @

59 11

60| 1 1.200000e+00 !

61| 0 1.200000e+00

62| 1 0.000000e+00

14
64| 1 0.5000000+07
L

Then our calculation file has been attached here. This calculation file shows some of the parts of our
result(1and24element) .From our analysis(Total stress, Effective stress, Void ratio, pore water pressure,
displacement)of all the elements have been calculated.
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T - E P R P R EP 1 R P [ R E 1 P R

El@

Starting Time=>Date=2018/11/09 ;Time=12:03:03.51!
Test data check m/min

+
+
H¥H mm-m------ basic information ------- s |
nhode nElm nboun nStep nOutsp iLin iDrCond nConL nmatTyp
strs iCuCns ExtOut substp iFlgTmi
25 24 1 20000 1000 1 1 2 3
0 0 0 0 Bl
4
=xx data for coordinates =l
NodeNo coordinate!
1 0.00000E+00 !
2 0.25000E+00
3 0.50000E+00 !
4 0.75000E+00 !
5 0.10000E+01 4
6 0.12500E+01 !
T 0.15000E+01 !
8 0.17300E+01 4
9 0.20000E+01 !
10 0.22500E+01 !
11 0.25000E+01 4
12 0.27S00E+01 !
13 0.30000E+01 !
14 0.32500E+01 4
15 0.35000E+01 !
16 0.37S00E+01 !
17 0.40000E+01
18 0.42500E+01 !
19 0.45000E+01 !
20 0.47500E+01 !
21 0.50000E+01 !
22 0.52500E+01 !
23 0.355000E+01
24 0.57S00E+01 !
25 0.60000E+01 !
+
xxx data for connectiuity seexl

Nodel Node2 MaterialTyp!
1 2 14
2 3 11

-~

Fig: First Page of the Cal file
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Fig: Initial stress condition of the Cal file

Z [0 S 1 P (R R [ I R 1 P P 1 PRl G Pl L
1001
107 | %xx —==------- Preload ------- ol
102 PrelLoad!
103|| ©.00000E+00.
1041
105 |=»x -- Flag for Forward or Backward Difference -- <l
106 iFDBD=0, Backward Difference Method!
1074
108 | xxx -=-==-====-- Initial stress condition ----- *xex]
109 TotalStress EffectiveStress ExcessPorePress!
110 0.56250E-01 -0.687TSEE-01 0.0000GE+00.
111 0.1687SE+00 -0.20625E+00 0.0000RE+00!
112 0.28125E+00 -0.34375E+00 0O.0000GE+00.
113 0.3937SE+00 -0.48125E+00 0O.0000QE+00.
114 0.50625E+00 -0.61875E+00 0O.00000E+00.
115 0.6187TSE+00 -0.T75625E+00 0.0000QE+00/!
1186 0.73125E+00 -0.89375E+00 0O.00000E+00.
17 0.8437SE+00 -0.10312E+01 0.0000GE+00.
118 0.97625E+00 -0.11487E+01 0.0000QE+00/
119 0.11088E+01 -0.12662E+01 0.0000GE+00.
120 0.12413E+01 -0.13837E+01 0.0000GE+00.
121 0.13738E+01 -0.15012E+01 0.00000E+00.
122 0.15063E+01 -0.16187E+01 0.00000E+00.
123 0.16388E+01 -0.17362E+01 0.00000E+00.
124 0.17713E+01 -0.18537E+01 0O.00000E+00/!
125 0.19038E+01 -0.19712E+01 0.0000QE+00/
126 0.20813E+01 -0.20437E+01 0.00000E+00.
127 0.22588E+01 -0.21162E+01 0.0000RE+00.
128 0.24363E+01 -0.21887E+01 0.0000RE+00/!
129 0.26138E+01 -0.22612E+01 0.00000E+00.
130 0.27913E+01 -0.23337E+01 0.00000E+00.
131 0.29688E+01 -0.24062E+01 0.00000E+00.
132 0.31463E+01 -0.247T87E+01 0.0000PE+00/!
133 0.33238E+01 -0.25512E+01 0.00000E+00.
1341
135 | %xx --=====--- End of initial data ----- x|
1361
1374
138 |1-=---== = "= m - e e e e e m— - ——m———- -
139|-------==--=----
140 | Step= 0 Time= 0.00000BQE+00 Temperature= 0.00000BE+00!
1414
142 Total Appiled Nodal Force!l
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17

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

ELRT

| EI-—

o

| E

T <

[

Al T

[

|

+

ElmNo TotalStress
eNC rho
1 0.149625E+01 -0
0.00000E+00 ©O.000E+0O
2 0.160875E+01
0.00000E+PO 0O.00OE+OO
3 0.172125E+01
0.00000E+00 0O.00OE+00
4 0.183375E+01
0.00000E+00 ©O.000E+0O
5 0.194625E+01
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Fig: Step 1000 of the Cal file
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Now there is a graphical representation(depth vs excess pore water pressure)which has been shown.From
this analysis we can see that in step 0 there is a constant excess pore water pressure.In step 1000 there is a
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Fig: Step 20000 of the Cal file
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change of excess pore water pressure along with the depth.It’s shape is semiparabolic because the
drainage system is one way. The value of excess pore water pressure is decreasing and the change is

gradual.After 7000 steps the value of excess pore water pressure is turnrd into nearly*zero’.In 20000 steps

the value is almost nill. This phase is almost consolidated and well settled.
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Step 20000

Depth (m)
G

a1 e
1 I

Initial effective stress, oy (kPa)

Depth vs. Initial effective stress

This is a graphical representation of depth vs. initial effective stress. We can see that the difference
between the initial and final step is constant. This difference shows the load increment due to surcharge.
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Settlement (m)
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Y0000 20000 60000 80000
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Settlement vs. time

This is a graphical representation of settlement vs. time. This is a hyperbolic which clearly shows that this
is a time dependent settlement. And at last the settlement becomes constant.

This graph is derived from element 1. So this represents the total settlement of the embankment.

And from graph, the total settlement is 8.6 meters.

50



Chapter 5 Results and Discussions

5.3 Conventional Method

This is the real life problem set based on our lab data tests. The water level was at top of the soil.

I |

y=17 KN/m®

r————.83 m

ZmJ

Yoot = 14.54 kKN/m®

Yot = 15.37 kKN/m®

2m

Yot = 17.14 kKN/m?

LZm

Now we are going to calculate the total settlement using the conventional method.

yH=17*.83= 14.11 kKN/m?
Ac+c01’= 18.673 KN/m?
Ac+00,’=28.25 KN/m?
Ac+c03’= 40.6 KN/m?

For first layer:

Go1’= (14.54-9.81)*1=4.41kN/m?

For second layer:
Go2’= (14.54-9.81)*2+(15.37-9.81)x1=14.2kN/m?

For third layer:
Gos’= (14.54-9.81)*2+(15.37-9.81)x2+(17.14-9.81)x1=28.2kN/m?
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For first layer:

_ 1x2
1+2.55

logﬁ

4.41

Sct =0.35m

For second layer:

0.6%2 10gZS.ZS =0.15m

Sepy=———
©71 1139 14.2

For third layer:

0.7%2 40.6
“log=— =0.1m
1+2 26.5

Sco=

Sc =Se1 +Se2 +Se3=0.62 m

_ Gyt
Hg,2

Tv

_2.644%1073+1.295%104+1.177%1073

Cv
3

=1.32*10°m?/day

For 90% consolidation
Tvgo=0.848
CvtzTV*Her

=202t 223127 27day

v

From this conventional analysis we can see that for the real data set the total settlement is 0.62 m.

5.4 Results

From Elastoplastic analysis (Subloading t; model),
Settlement = 0.86 m

From conventional calculation,

Settlement = 0.62 m

Difference = 0.85-0.62 =0.24 m
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Chapter 6: Conclusion

6.1 Reviews on Completed Research Work

From the analysis results, we can say that there is a difference between the results of two
methods of analysis.

The reasons behind it can be-

Soil water interaction (coupling effects) is more accurately represented in the FEM
analysis than conventional analysis.

2D analysis shows more accurate result than 1D analysis because 2D analysis is more
realistic.

6.2 Future Research

For reducing the settlement time, the most suitable technology which should be adopted
for this region like PVVD, geo-textile, geo-fiber and other modern technologies.

Type of foundation for best economic and structural sustainability should be provided in
this region.

For time scarcity, we could not consider the saline effect in study area. In future, we want
to incorporate the salinity for better result.

We will use FEM and Limit Equilibrium based different softwares (OptumCE, PLAXIS
etc.) to compare settlement for reliability check.
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