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Abstract

This research including field and laboratory detailed investigation for study of physical and chemical
engineering of Tabeen_Dokan in Sulymania Region. Experimental work inciuded two main aspects , the was
taken disturbed and undisturbed soil samples carry out to several tests in laboratory of soil mechanic .The
second part was related to the field tests for calculating geophysical properties of soil in addition defining of
water table level . The results of analysis collection data indicate that the soil in this region have a good
bearing capacity but have a some problem in swelling index and the water table was not observed during the

investigation period.

Keywords:- Augers, laboratory soil test, soil investigation, and swelling.

A-Soil Investigation
1- Introduction
1-1 Authorization and Scope

The soil investigation for project of
construction 3000 houses in Tabeen region
has been conducted by laboratory of soil
mechanic in /National Center for Research
& Construction Laboratories
(NCCL)/Baghdad ,the soil investigation
described in this research consists of
digging the test pits, securing representative
samples, testing these samples and
analyzing the soil conditions with test
results.

1-2 Site Location and Description:

The site is located at Al-Sulaimani
governorate; specifically in Tabeen area at
Dokan region .

The site area is wide which represents the
south hilly side of Tabeen Mountain with
high difference in elevations plate (1).

2- Filed Exploration

2-1 Drilling and sampling

According to the nature of this site,
considered as weathering deposit at the
mountain edges these deposits. Consisted
mainly of mixed soil of different sizes of
rock fragments and silt clay. The usual
drilling equipments were difficult to be used
for field exploration. Accordingly digging
was done by using Poclain machine. The
disturbed samples (D) were collected at
different depths. The undisturbed samples
marked (core) were obtained using core
tubes the undisturbed samples (U) were
obtained from the test pits and boreholes by
installing 100mm dia. in to the stratum.
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Plat (1)site plane
Table 1: Depth of pits
T.P. Depth | T.P. Depth
T.P.Ne. Depth No. (m) No. (m)
(m)

1 4 10 4 7 4
2 4 11 2 8 2
3 4 12 4 9 4
4 4 13 4 16 4
5 1.5 14 4 17 >
6 4 15 4 18 4

2-2 Number of test pits

Fighteen test pits were conducted for the
project on the area under investigation at the
locations assigned by the concerned
authorities. The depths of these test pits are
shown in table below.

2-3 Elevation of Pits location:

The elevation of each test pit was taken
from a specified point elevation given by
the concerned authorities. The elevation for
each test pit is shown in table (2).

Table 2: Elevations of test pits Location

'11;: Elevation (m) :(l: Elevation (m)

1 1039.638 10 1028.598
2 1040.638 11 1017.74
3 1046.648 12 1026.488
4 1019.638 13 1033.238
5 1031.228 14 1050.218
6 982.52 15 1014.098
7 980.54 16 1031.728
8 658.981 17 101355
9 1021.708 18 993.93

3-Laboratory testing:

The actual test proposed for a particular
sample depends on the type of sample
(U&D) and the nature of its material.

A full list of tests conducted for this project
is:
A- Classification tests.
-Atterberg limits (L.L&P.L)
-Grain size analysis.
-Linear shrinkage limits (L.S).
-Unit weight (natural and dry).
-~Natural moisture content.
-Free swelling test.
B- Consolidation test.
C- Collapse test.
D- Direct shear test.
E- Chemical tests for soil samples:-
- Sulphate Content (SO3%).
- Chloride Content (CI %).
- Organic matter content (ORG.%)).
- Calcium carbonate content (CaCO3;%).
PH value.
The results of these tests are shown in the
record of result sheet appended.
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4- Subsoil Stratification Condition
4-1 Soil Profile:

According to the Unified Classification
System the subsoil profile can be
summarized as follows:-The main soil layer
is a cohesive soil, which consists of light
brown to brown grayish lean to fat clay
sometime with sand mixed with carbonate
and rock fragments to green elastic silt (CL,
CH, and MH). This layer extends from the
existing ground level down to the end of
boring at (2-4) m depth .Through this layer,
thin layers of brown rock fragments with a
trace of lean clay or with clayey sand is
observed at different depths. At pits (3,
5&14) the main layer consists of brown
rock fragments with a trace of lean clay or
sand or sometimes with clayey sand. This
layer extends from the existing ground level
to the end of boring at (1.5-4.0) m depth.
Details of soil stratification for each test pit
are shown in the bore loge appended.
4-2Under G.W.L

The Underground water level was not
encountered after completion of excavation
within the deep borehole of 4m depth.
5-Evaluation and Discussion of Results
5-1 Direct Shear test results:

Direct Shear test were carried out on
undisturbed cohesive soil samples. Table
(3) shows the wvariations of shear test
cohesion values (C) and angles of friction
(¢).It is noticed that the values of (C) are
range of (0-65) kN/m” and those of (¢) are
in the range of (16-37) degrees.

5-2 Consolidation Properties

The variation with depth of overburden
and pre-consolidation pressure which are
shown in Table (4) indicate that the
cohesive soils and over consolidation.

Table 3: Direct shear test results with
Depth

z i3 ug - gn Eg 5 ]
AN AR
1 0-1 40 | 33 | 179 | 145
3 1.5-3 24 35 19.6 14.9
4 1-2.5 35 32 18.0 13.6
6 1-3.5 65 25 18.0 13.4
7 1.5-2.5 38 23 20.2 13.7
8 005 | 30 | 23 | 214 | 146
9 | 3545 | o | 37 | 202 | 143
10 2-4 24 26 19.1 14.2
11| 0515 | 40 | 23 | 189 | 141
12 235 | 56 | 29 | 197 | 135
13 235 | 0 | 34 | 188 | 126
i4 0-1 0 39 19.6 13.9
15 0-1.5 42 16 19.9 133
16 3.5-4 25 33 15.3 14.9
17 | 0515 | 30 | 27 | 179 | 147

5-3 Swelling Behavior

The cohesive soil layers indicate swelling
behavior at some locations. The swelling
pressure measured from the Odometer test
varies from (35) kN/m” to over (150) kN/m?
.The results of free swell also indicate
swelling behavior. These results are in the
range of (0 to 75) percent while the results
of linear shrinkage are in the range of (5 to
18) percent. The results of swelling
pressure, free swell and linear shrinkage are
shown in Table (5)
5-4 Collapse Test

The test was done by using consolidation
test apparatus, the sample was tested on the
natural moisture until the pressure of
(100kN/m?) is applied then the sample is
wetted by adding water. The collapse

. Ae
 —

L=,

potential (I;) is defined as: *100
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Where:Ae;= Change in void ratio upon  The results indicated the severity of collapse

wetting. from (none) to (moderately severe). The
» e, = Natural void ratio. collapse potential with depth is also shown in
table (6).
Table 4: Overburden, pre-consolidation with depth
5 Ydry
P P, Void ratio Yoot 3
T.P.No. i::‘ kN/‘;n 3 Kyl Y (kN/a) (kN/m”) C. ¢
a
1 3.5-4 67 80 0.664 17.9 16.1 0.15 0.022
2 3.5-4 74 260 0.597 19.6 16.9 0.18 0.028
3 3-3.5 62 200 0.542 19.0 17.8 0.1 0.007
4 3.5-4 68 95 0.686 18.0 15.9 0.18 0.033
7 1-1.5 25 115 0.626 20.2 16.6 0.12 0.032
8 1.5-2 37 130 0.402 214 19.4 0.14 0.017
9 3-3.5 61 130 0.591 20.2 17.1 0.17 0.034
10 1.5-2 33 90 0.60 19.1 17.0 0.15 0.032
11 1.5-2 33 190 0.609 8.9 16.9 0.24 0.040
12 0.5-1 15 100 0.572 19.7 17.3 0.18 0.031
13 3.5-4 71 150 0.888 18.8 14.3 0.10 0.008
15 2-2.5 44 270 0.600 19.6 17.0 0.14 0.046
16 1.5-2 35 180 0.638 19.9 16.6 0.10 0.027
17 1.5-2 34 87 0.609 19.3 16.9 6.14 0.029
18 1-1.5 26 150 0.486 20.8 18.3 .17 0.034
Table 5: Collapse potential with depth
T.P.No. Depth (m) Collapse Potential (Ic)% Degree of collapse
4 3.5-4.0 0.56 Slight
7 1.0-1.5 0.06 None
9 3.0-3.5 0.69 Slight
10 1.5-2.0 9.60 Moderately severe
11 1.5-2.0 6.1 Moderately severe
13 3.5-4.0 0.15 Slight
15 2.0-2.5 0.98 Slight
16 1.5-2.0 0.06 None
17 1.5-2.0 0.12 Slight
18 1.0-1.5 4.00 Moderate
*According to ASTM D5333
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Table 6: Free swelling, linear shrinkage& Swelling Pressure with depth.

T.P.No Depth (m) Free swelling% Linear Swelling pressure
shrinkage % kN/m?
1 0.0-1.0 17 4 f e
2.5-35 25 o Ol W
3.5-4.0 | >100*
2 0.0-1.00 75 T
2.5-35 12 e e
3540 | e e >100*
3 0.5-1.0 33 b s [
1.5-3.0 20 0 e .-
4 0.0-1.0 20 L
25-3.5 10 AXE L
5 0.0-1.5 11 SR e
6 0.0-1.0 50 18 P
3.5 LTl e -
7 0.0-0.5 33 — e
8 0008 | e 12 ——r
0.5-1.5 20 11 o
9 0.0-1.5 0 10 Ftd
1.5-25 B0 Sl VI S st
2.5-3.5 s — 37
10 0.0-0.5 33 16 S
0.5-1.5 50 N e N,
11 0.0-0.5 16 S
0.5-1.5 50 E— —
1828 ] L temee o e | s 125
12 0.5-1.0 e o I Y TS deliCe 35
0.0-2.0 25 17 J—
13 0.0-1.0 50 11 .
2.0-3.5 60 . —
i4 0.0-10 1] 5 ot
1.0-2.0 I8 Ll e s el naeses —
2.0-3.5 ¢ 7. SO
0.0-1.5 1] 12 —
15 0.0-1.5 0 12 R Ay
2.0-2.5 S saaaas 150
16 0.0-1.5 F R i ——
1.5-2.0 T . 50
2.0-3.5 8 P
17 0.0-0.5 25 15 | eemeee
0.5-1.5 g0 alad DORUEIRRE Sl AT il THRL o
18520 [ ammes 00 20RO L eedie 40
18 00-1.0 | e e
1.0-1.8 | e e 65
1.5-3.0 i 3000 e
* This sample swelled after wetting in collapse test at the pressure of 100kN/m’
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5-5 Chemical Properties:

The results of the chemical tests for the
soil samples are shown in the “Test Results
Sheets”. These results indicate low Sulphate
content. The Sulphate contenting this soil
layer ranges from (0.03) to (0.12) percent,
The chloride content varies from (0.02)to
(0.05) percent, whereas the pH value varies
from (8.93)to (10.06) and the organic matter
contents are in the range o0f(0.03-1.75)
percent .The calcium carbonate contents are
in the range of (3.0-96.0) percent.

5-6 Atterberge limits Test Results

The values of liquid limit (L.L), plasticity
index (P.I) and moisture content (M.C) at
different depths are shown in the “Record of
test result sheets” and borehole logs
appended. The results generally indicate
that the value of moisture content is closer
to the plastic limit than to the liquid limit.
This trend suggests that the cohesive layer
is over-consolidated. The liquid limits are in
the range of (21to 60) percent, the plasticity
index are in the range of (8to 35) percent,
Linear shrinkage are in the range of (2 to
18) percent.

5-7 Compaction and CBR Test Results:

According to the required to the
concerned authorities, four soil samples
were collected from the top soil surface.
Modified proctor method was used to find
the maximum density and the optimum
moisture content. Also California Bearing
Ratio (CBR) at (95%) compacted samples
were tested for the same soil samples taken
from trial pits. Table (7) shows the
maximum dry density and optimum
moisture content values as well as the
(CBR) values.

Table 7: Compaction parameters and

California bearing ratio.
Max.
c o~
o & E uEy Optimum | X
g2 = densit : 2
= =3 y molstur;e 5
-l E
5 E (KN/m content %
3
)
3088 0.0-0.5 17.83 154 4
3089 0.0-0.5 19.20 16.8 4
3090 0.0-0.5 18.09 14.6 4
3091 0.6-0.5 17.90 16.4 | 4

6-Precautions against swelling:

la Water from any source should be
prevented from reaching the stress zone of
scil below foundations and ground slabs.

2 Either a foundation depth of (1.5-
2.0) m. should be adopted or a layer of
course gavel should be placed under
shallow foundations and ground slabs.

3. Thin width foundations will reduce

the affect of swelling soil on light
structures.
4, There are many alternative methods

regarding solution for expansive soils which
are applied in other countries. These
methods need extensive study of the type
and magnitude of structural loads and type
of foundation. This can be carried out by
our consultants through an agreement with
your company and consultants.

5. If low temperature below 0°C
prevails for long period of times, there is a
possibility for frost action which requires a
separate study.
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B-Geophsical Investigation

7- Introduction

7-1 Authorization and Scope:

This research includes (7) resistively test
profiles for evaluating the soil resistively.

7-2Investigation layouts

This investigation consists of the following
sections:-

- Resistively method theory.

- Resistively investigation. (Field work and
results presentation).

8- Resistively method theory

The basis of resistively measurement is
that when an electric current is applied,
conduction takeplace into the ground
through current electrodes. Any subsurface
variation in conductivity will alter the
current flow within the earth and affect the
distribution of electrical potential. The
degree to which the potential at the surface
is affected depends upon size, location and
conductivity of material within the ground.
The usual practical resistance measurement
is by passing a current of known value
through the ground by two electrodes
(C1,C2) and measuring the subsequent

potential difference between  two
intermediate points in the ground using
another two electrodes (P1,P2). The

instrument used for this purpose is ABEM
SAS 300 Resistively-meter, with digital
reading.

8-1 Resistively Sounding Measurement:
In this method, the current is applied via
two outer electrodes C1, C2 of a distance
equal to AB. Where another two inner
electrodes P1, P2 are used measuring the

Ci P1 P2 P

I

AB

Fig.1: Electrical sounding method

potential difference. The distance between
the latter electrodes equals to MN (Fig. 1)
The calculated apparent resistively is given
by the equation:

p=KR
*
K=MH Where:
MN
p= Apparent receptivity measured in Ohm-
meter (OQm).

K=Constant factor.

AB=Distance between current electrodes in
meter (m).

MN= Distance between potential electrodes
in meter (m).

AM= Distance between current electrode
and one potential electrode.

AN= Distance between current electrode
and other potential electrode.

9- Resistivity investigation

9-1 Field work

Seven profiles were implemented for soil

resistivity sounding at the whole area some

of these profiles were done on cut area,

natural area and fill area as listed in table

(8).the points were located on site plan fig

(1.

Table 8: List of resistivity profiles

depending on kind of area

Prefile No, Kind of area
1,4,7 Natural
25 Cut
3,6 Fill
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Table 9: Elected spacing for Sounding
Resistivity using Schlumberger method
in this survey

Table 106: Interpretation of sounding

Current Potential Overlap for
electrade elected Potential
separation separation elected
Cl C2 P1 P2 Pt P2
AB/2 (MN/22), (MNR2),
1.5 0.5 ——
2 05 | e
3 0.5 1
4 0.5 1
5 0.5 ——
6 1 2
8 1 2
10 1 2
15 2 5

These profiles were carried out with
different intervals using Schumberger
technique. The spacing between elecirodes
was listed in table (9) depending on the type
of the Schumberger arrangement technique

9-2 Results Presentation

The apparent resistivity values were
plotted against the distance (AB/2) on four
cycle’s log-log graph Figs. (2-8) were
appended within report. The true resistivity
value and thickness of each sequence depth
were determined by wusing matching
technique plotting the auxiliary standard
curves method. The resistivity values in
Ohm.meter, depth in meter for each station
by Schumberger arrangement are listed in
Table (10).
Conclusions
1.Due to hilly nature of the site no
underground water table was noticed at the
test pits during the time of investigation.
2. Chemical tests indicate that the
whitish brown c¢olor of soil is due to the
high percentage of calcium carbonate
content.

resistivity survey results by using
Schlumberger method.
&2 Resistivity
E = value Depth (m)
A Ohm.m.
- 64 0.0-1.6
14 >1.6
280 0.0-1.15
R 42 >1.15
600 0.0-1.1
R3 240 1.1-6.71
25 >6.71
26 0.0-1.05
R4 8 1.05-1.68
35 >1.68
- 390 0.0-1.25
60 >1.25
150 0.0-1.05
R6 750 1.05-1.78
230 >1.78
220 0.0-1.05
g 86 >1.05
B Swelling tests from odometers, free

swell and linear shrinkage, indicated high
amounts of swelling behavior of the soil of
different depths, accordingly, special
precautions against swelling should be
adopted.

4. Collapse test results at different
locations mostly indicated low collapse
potential which has no problem on soil
behavior. Only two locations showed high
collapse potential which indicate Moderate
Severity. This can be avoided by applying
certain precautions similar to those against
swelling.

5. The direct shear test results and
density test results indicate that the soil
accordingly an allowable bearing capacity
used for the to;zo soil layers should not
exceed 7.0tons/m”.
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6- For Cahodic protection resistivity 8. p> 50 Ohm.meter non corrosive
values should be with the following: medium. From the electrical resistivity
6. p < 10 Ohm.meter highly corrosive measurements- it is obvious that the first

(1.0) m. Depth from the ground surface is
suitable depth possessing the higher
resistivity value is at (>1.68) m.

medium.

1. p (10-50) Ohm.meter normally
corrosive medium.
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Abbreviations
U Undisturbed Sample
b Disturbed Sample
SS Sampies from Standard Split Speon
SPT (N-value) Standard Penetration Test Value
CPY Dynamic Cone Penetration Test
W.T. Water Table
M.C. Moisture Content
L.L. Liquid Limit
P.L. Plastic Limit
Pl Plasticity Index
LS. Linear Shrinkage
C.L Consistency Index
G.s Specific Gravity
Uni. Class Unified Soil Classification System
Yover Natural Unit Weight
Yitry Dry Unit Weight
Qu Unconfined Compressive Strength
C Cohesion in kN/m*
$ Angle of Internal Friction
€ Initial Void Ratio
C. Compression Index
C. Swelling Index
Gy Coefficient of Consolidation
Pe Pre-consolidation
P, Over burden Pressure
C.P.% Collapse Potential
K Coefficient of permeability
SO;% Sulphate Content
ORG.% Organic Matter
T.8.8% Total Soluble salts
CL% Chloride Content
PH Acidity or Alkalinity
GYP. % Gypsum Content
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B Record of test Results T.P.No.1&2
epthior Chemical Tests
Samples sample Froperty Hydrometer analysis i
M SPT
Type c N m%-w.co Description of soil G
% .
Fil ol B LL | PI | Leh | o | St | 5 | Gravel | VO So, | T | orG. |y | O a | ob
d Lab. o m. % | % | % % % % % | p 3 %
No m Y % % o %
No % %
o
1 3092 D 0.0 1.0 47 28 (31 25 5 39) - CL Brown lean clay with 0.10 1.75 194 9.04 0.03
rock fragments

i . Test Pit No.1 .
2 3093 D 1.0 25 (10 13 14 61) e Brown rock fragments 0.05 87.0 0.02

with lean clayey sand

K} 3094 D 25 3.5 29 13 23 23 34 43) - Brown rock fragments 0.04 0.48 75 0.04
with clayey sand
4 3095 Core 3.5 49 1 21 25 19 35) - Do
2
Water table was not observed
Test Pit No.2
1 3096 D 0.0 1.0 49 25 16 (41 40 9 16) - CL Brown Jean clay with 0.1 175 32.0 0.04
rock fragments
2 3097 D 1.0 2.5 34 17 7 8 4 81) - Brown rock fragments with | (.05 0.17 94.0 10.0 0.02
a trace of lean clay with 6
3 3098 D 2.5 35 (10 16 9 65) sazes ng_én 0.08 64.0 0.02
4 3099 Core 35 4.0 44 24 —— CL
1 Brown Jean clay
7
Water table was not observed
| | | |
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Record of test Results T.PNo3&4
Depth of Index Particle size distribution& .
Samples sample Properly Hydrometer analysis Chemical Tests
T SPT
i yp c.mﬁ “N” wﬁwrc Description of seil
i 7 5
ol &1 o4 LL | PI | Lsh | o | Sik mw_n Gravel, || VO Sos Hmm, MW Gyp. | €aCo o | B
4 | Lab m A % | % | % Y e % % % 2 %
N No m % % % % %
3 Test Pit No.3
1 3100 D 0.0 1.5 36 24 (26 26 8 66) - Brown rock fragments 0.10 03 55 9.04 0.04
with lean clay and
carbonate
2 3101 D 1.5 30 24 9 3 23 33 39) - 0.03 85.0 9.12
Brown rock fragments
with clayey sand 0.04
3 3102 C 3.0 3.5 9 s 32 40 23} — 0.04 04 75
or Top:-br.silty sand with 8
4 3103 e 3.5 4.0 25 20 €3 21 28 43) — rock fragments with 0.05 96.0 0.02
clayey sand
D Do
Water table was not observed
Test Pit No 4
1 3104 0.0 1.0 25 4 4 {1 10 8 81 - 0.04 90.5 9.4 0.03
D Brown rock fragments
2 3105 1.0 25 28 19 (33 42 14 1) — CL with a trace of lean clay 0.05 85
3 3106 D |25 35 27 17 -~ | CL Brown lean clay with 0.08 64.0 0.02
carbonate
4 3107 D 35 40 13 (28 40 21 11) ——— CL Do
¢ Do(with sand)
or
e Water table was not observed
1 i i 1 1
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Record of test Results T.P.No.5&6
Depth of Index Particle size distribution& .
Samples sample Property Hydrometer analysis Chemical Tests
SPT
= ?%O N Byt Description of soil
o % 5 Val _ TS
Fiel _wo To LL | PI | Lsh | cpu | Silt ms Gravel : Soy | " | ORG. | Gyp. | CaCo; piy | L
4 | Lab m % | % | % 5 % | % % | . % % % %
No. m 7 Y% %
No. %
1 3108 D 0.¢ 1.5 (1 Test Pit No.43 86) - Brown rock fragments 0.05 03 80 935 | 0.0
with trace of sand. 2
85.0 9.12
0.04 0.48 75 00
4
0.05 96.0
0.0
2
Water table was not observed
Test Pit No.6
1 {3108 ] n | oo 54 29 | 18 | 60 | 38 | 1 0) - |cH Brown grayish fatclay | 0.05 1.60 3.0 8.93
2 3110 | Cor | 0.0 B 1.1 - CH Do (with carbopate) 0.0
€ 2
3 3111 1o 3.5 58 35 (48 33 10 ) I — CH Do (with rock 0.06 44
D fragments)
4 3112 35 4.0 (32 26 6 36) | e CH 0.1 1.28 43
D - Do (with rock
fragments)
0.0
4
Water table was not observed
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Record of test Results T.P.No.7&8
Depth of Index Particle size distributiond& ical Test
Samples sample Property Hydrometer analysis Hueal. St
M SPT Svmbo
Type © “N” u:”_ Description of soil
2 % ] Val.
Jn « w,o To | w PI | Lsh | Clay | Silt mm= Gravel So; Hmm. ORG. | Gyp. nwn m |
”,a w%w - m. o | % % % % 7 % % o % % m %
Tlest Pit No.7
1 3113 D 0.0 0.5 19 29 33 26 12) m CL Light brown lean clay 0.12 0.64 69.2 | 933 | 0.04
with sand &rock
&carbonate
2 | 3114 | Core | 10 1.5 22 e CH
Brown fat clay with
carbonate
3 3115 D 15 25 30 (52 37 11 0) - CH
Do 0.08 0.17 39.8 0.04
4 3116 D 2.5 4.0 25 Qa7 16 3 64) - 0.07 61.0
Brown rock fragments
with lean clay
Water table was not observed
|
|
Test Pit No.8
38
i 3117 D 0.0 0.5 . 24 (14 19 12 55) - 0.04 0.96 530 | 9.3 0.03
34 Brown grayish rock
fragments with lean
2 3118 D 05 15 19 (19 24 14 43) clay& carbonate 0.06 0.96 59.0
3 3119 | Core | 1.5 20 1.0 (20 47 22 i) - Do
Brown lean clay with
sand
Water table was not observed
! 1 I i |
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Record of test Results T.P.No.9&10
Samples
Depth of Index Particle size distribution& ! N
sample Property Hydrometer analysis Chemical Tests
SPT
; Typ 2%0 « | Symbo Description of soil
Fi & Fro s San Val ' T.S
el B. To LL | PI | Lsh Cla | Silt ’ 4 Gravel ' So; s ORG. | Gyp. | CaCo;s PH CL
a Lab. m. % % Ya % & % % i % % % %
No. m y o Yo
N %
0.
Test Pit No.9
1 3120 D 0.0 1.5 36 28 10 (12 12 15 73) - Brown rock fragments 0.10 0.74 72 0.03
with clayey sand
2 3121 D .5 235 47 29 (45 40 15 0) wm— CL Brown lean clay with 0.07 82 9.52
sand & carbonate
3 3122 Cor | 25 3.5 18 — CL Do
e
4 3123 3.5 40 25 8 a 10 5 78) — Brown rock fragments 0.05 0.47 82 0.04
D with a trace of lean clay
Water table was not observed
Test Pit No.10
1 3124 0.0 0.5 49 23 16 43 46 8 3 - CL Brown grayish fean 0.06 0.64 180 0.
D clay with fittle rock
fragments
2 3125 0.5 1.5 47 29 (37 41 7 15) - CL 0.05 0.14 42 953 | 0.04
D Do (with rock
3 3126 15 2 i2 (49 33 16 i) - { CL fragments &carbonate)
Cor Dof with sand)
4 3127 e 2.0 4.0 45 28 (48 45 i 0) e CL 0.09 37.0
- Do
D
Water table was not observed
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Record of test Results T.P.No.11&12
Depth of Index Particle size distributiond Chemical Test
Samples sample Property Hydrometer analysis ’ S
SPT
Ty Z.W.O “N” fiyoito Description of soil
pe % ]
Fro ; San ) Val T8,
Field ra = To L1 Pl Lsh | Ccha Silt d Gravel Sos S ORG. | Gyp. CaCo; PH CL
e ap. o, o, o, o o, a, o, q, 9,
No No. m | ™ i % i o, TestBit Yo 2 o C & * &
()
1 3128 b 0.0 0.5 49 23 16 (51 - ) CL. Brown lean clay. 0.1 0.07 16 918 | 0.02
Water table was not observed
2 3129 D 0.5 1.5 50 24 _ _ _ - CH Brown fat clay with 0.05 0.64 315
Test Pit No.12 sandé& rock fragments.
3 3130 Co 1.5 20 12 39 34 20 7) -— CH Do
re
1 3131 0.5 1.0 14 (40 40 1 9 - CL Brown lean clay with
Co carbonate.
re 93 32 0.03
2 3132 0.0 2.0 49 24 {55 34 11 0y - CL Do. 9.36
0.05
3 3133 D 2 35 (48 46 6 0 = | CL Do. 29
0.04
4 3134 D 3:8 40 36 16 (€] 8 i1 78) e Brown rock fragments 0.32 595 0.04
~ with lean clay. 0.05
D
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Record of test Results T.PNo.13&14
Samples
Depth of Index Particle size distribution& ;
sample Property Hydrometer analysis Chemical Tests
M. Tes} Pit No.1p SPT Sym
Type C “N” ot Description of soil
z bz Val.
Bl Fo o | P e B Y ) cay | st | sama | O s, | T3 | orG. | Gyp. | CaCos cL
Lab. m i o 1 | sh o o o vel % S o % PH 9
d No m ) % | % i % % ° % “
No. :

H 3135 D 0.0 1.0 42 20 11 (40 47 ) - CL Brown lean clay. 0.11 047 57 93 0.02

2 3136 D 1.0 2 32 37 21) - MH | Green elastic with 0.01 75
rock fragments. 2

3 3137 D 20 | 35 60 | 22 22 22 12) = MH | Do (with sand) 50 0.03

0.1
Core 35 4 32 MH Do
Water table was not observed
Test Pit No.14

1 3139 D 0.0 1.0 27 il 5 8 12 70) - Brown rack 03 87 938 § 0.03
fragments with a 0.09
tace of lean clay.

P 3140 D 1.0 2 36 16 -
Do.

3 3141 D 2 3:5 ¢ i1 75) | e 0.07 526
Do. 0.11

4 3142 D 35 4.0 41 23 (26 24 46) | -
Brown rock 0.04
fragments with lean
clay.
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Record of test Results T.P.No.15&16
Samples
Depth of Index Particle size distributiond Chemical Test
sample Property Hydrometer analysis PG
SPT
o ?.m\.O “N” | Symbol Description of soil
Fi B Fro . ' San Val. TS Ca
el & To LL P Lsh | Clay | Silt d Gravel So; 5 ORG. | Gyp. | C PH CL
i Lab. - m. % % % % % ul % % & % % | o %
N No. Test Pit No. 1§ ’ %
0.
1 3143 D 0.0 15 40 21 12 {55 37 8 [1)] - CL Brown lean clay with 0.05 041 40 0.04
carbonate 5
2 3144 D 15 25 49 25 {53 39 8 [0 I I L Do 0.06 0.64
37
3 3145 Cor 20 23 15 (41 29 8 22) - CL Do(with rock fragments)
€
4 3146 2.5 40 26 12 33 | 34 6 27) e CL. Do(with rock fragments 0.07 0.47 0.02
D & carbonate) 55
Water table was not observed
Test Pit No.16
1 3147 090 1.5 32 15 g a1 18 16 55) - Brown rock fragments 0.06 0.47 9.12 0.02
D with lean clay &sand 46
2 3148 1.5 2.0 20 — CL Brown lean clay with
Cor carbonate
3 3149 e 20 35 36 19 45 45 10 0) e | CL Brown lean clay with 0.10 0.03 0.04
carbonate
4 3150 D 35 4.0 36 18 © 7 6 78) e Brown rock fragments 0.09 48
- with a trace of lean clay
D 49
Water table was not observed
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Record of test Results T.P.No.17&18
Depth of Index Particle size distribution& Chemical Test
Samples sample Property Hydrometer analysis ¢ ests
SPT
Type 3 7»\..0 “N” muqﬂ.co Description of soil
wat | I8 m”_c To L | pr | Lsh silt mm; Gravel | YA Sos Hmm, ORG. | Gyp. | CaCos | o | CL
icld | Lab. m % | % | % [Clayi % |, % % 1 % % % %
No No. m % ; Yo %
Tept Pit Ng.17
1 3151 D 0.0 0.5 48 22 15 33 30 7 30) — CL Brown grayish clay with | 0.08 0.47 26 902 | 0.04
rock fragments
2 3152 D 0.5 1.5 38 19 19 17 6 58) e Brown rock fragments 0.05 03 56
with lean clay &
carbonate.
3 3153 Core 15 2 15 —- CL
Brown rock fragments
with lean clay &sand
Water table was not observed
_ | “
! |
Test Pit No.18
1 3154 D 0.0 10 46 25 14 (38 30 3 29 - CL 0.1 0.64 45 9.21 0.03
Brown grayish clay with
rock fragments
2 3155 Core 1.0 1.5 20 — CL
Rrown clay with
3 3156 D 1.5 3 49 24 (45 48 7 0) —— CL carbonate 0.08 1.25 21 0.04
4 3157 D 3 4.0 47 27 (53 6 2) e (60 Do. 0.09 33
39 -
Do.
Watdr table fvas notjobserved
i
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Plate (2) Digging of Boreholes
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Plate (3) Taken Undisturbed and Disturbed Samples
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