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Soil Investigation of Proposed project of New Butwal Substation Nawalparasi Nepal

GEO-TECHNICAL INVESTIGATION
1. Introduction

This geotechnical investigation report is prepared based on the agreement between Tata Project Limited
India as a client and Geotech Consult and Research Center Pvi Ltd. as consignee.

The investigation characterizes the subsurface conditions and develops the necessary requirement for
the proposed safe bearing capacity of the foundation.

The soil investigation work was carried out on 5 locations, bore hole was drilled by percussion machine
up to 25.0 m depth from original ground level

The scope of work of present contract includes the following:

+ Exploration of the subsurface conditions at various locations of proposed foundation sites and
‘ conduct requisite in-situ tests.

+ Limited laboratory testing of representative samples obtained during the field investigation to
evaluate relevant engineering parameters of the subsurface soils.

+ Engineering analyses.

- o Preparation of this report includes:

b A

steep faults known as the Himalayan
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Frontal Fault (Nakata 1989) or the Main Frontal Thrust (Gansser 1981). It comprises several sub-

basins and all of them are quite shallow towards the south, but rather deep in the northern sections

Google Earth Location

700 m

Figure 1: Google Earth Location of Site Area

3. Geo-technical Exploration

Geological condition/stratum at the test site is important aspect to determine the depth, size and types of
foundation. Standard Penetration Tests carried out in different depths can give appropriateness of the
densification of the soil strata, ground water table. cavities and changes in strata are major aspect of
drilling.

As in general, drilling area lies on soft strata, Drilling team have been mobilized with percussion

drilling rig. Safety mechanisms were developed for technical team and workers.

3.1 Boring

The drilling works were carried out using by Percussion Drilling Rig. The borcholes were logged
continuously in the field. The borehole logs included visual classification of soil, records of SPT for
penetration of 450 mm was reached and records position of water table. The ficld boreholes records
were updated after completion of laboratory investigation works. The updated borehole logs for site are

presented in Appendix including general ground water table.
Groundwater was monitored on drilled hole 24 hours after completion of drilling works
Sampling

Before any disturbed samples were taken, the boreholes were washed clean to flush any loose disturbed

soil particles deposited during the boring operation. The samples obtained in the split spoon barrel of

SPT tube during SPT tests were preserved as representative disturbed samples. The disturbed samples
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recovered were placed in air-tight double 0.5 mm thick transparent plastic bags, labeled properly for
: identification and finally sealed to avoid any loss of moisture. Only then, the samples were

transportation to the laboratory for further investigation,

Disturbed sample (DS): before any sample was taken, the boreholes/pits were cleaned up loose
disturbed soil deposited during boring / excavation operation. The sample obtained by drilling or by pit
excavation and SPT tube is collected as respective disturbed sample for finding out physical and
engincering properties. The sample thus obtain were placed in airtight double plastic bag labeled
properly for identification and transported to the laboratory for analysis.

Undisturbed sample (US): Due to the presence of coarse grained soil and cohesive soils having
appreciable amount of coarse grained soil just beneath the foundation level undisturbed samples could
retrieved by thin wall samplers.

the site consisted of Standard Penetration Test (SPT). Sounding test such as
ing soil characteristics of relative density and strength simply and quickly
ce into the ground and pulling out it onto the ground.

d through all strata. Sounding test data were used to estimate soil strength
d possible existence of soft layer.

2131:- It consists of driving a split spoon sampler with an out dia.
ole. Driving is accomplished by a drop of hammer weighing 63.5
im onto the drive head first of all the spoon is driven 150 mm
. It is driven further 300mm and the number of blows (N values)

) IS 4968 part I and IL:-It was performed using a S0 mm cone
ner falling through the height of 750 mm the recorded number
ken as DCPT value. These values are presented in log
anged to SPT value as given below:

Iy
* AL
Wis
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If the blows per foot of penetration are more than 60, the driving is discontinued and the SPT value is
simply recorded as more then 60. These values to the coarse gained soil and soft to hard rock mass.

Cohesion (¢) and Angle of internal friction:-
Cohesion (¢) and Angle of internal friction of the cohesive and semi cohesive layers are found by lab test

result.
3.3 Lab test

Following laboratory tests were conducted for the retrieved soil samples to get the physical

nple through a set of sieves kept one over the other. The

| the smallest size at the bottom. The soil retained on
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Specific Gravity Test

The specific gravity test was conducted of the soil samples which passes the No. 200 mm
sieve. The density bottle method is widely used in the laboratory test for finding out Specific
Gravity (G) value.

Direct Shear Test

Direct shear tests were conducted on representative disturbed samples collected from the
boreholes. The samples were carefully molded using standard moulds of 6.0 x 6.0 cm’
cross-sectional arcas and trimmed to 2.5 c¢m high solid metal plates were placed on both
surfaces of the samples to prevent the dissipation of pore water during shearing. The direct
shear test equipment was mechanically-operated and shearing was applied at more or less

as calculated on the basis of Terzaghi & Peck Modified Empirical Eq, Cc =
it Limit in percent. The Consolidation index wasn't calculated by lab test
fore calculated by Empirical formula.

maximum pressure that can be imposed on the foundation
ing capacity of the soil and the tolerable settlement of the

bearing capacity and the pressure corresponding to a
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Where: Ngo = SPT N value corrected for field procedure
E, = Hammer Efficiency
Cg = borehole diameter correction
Cs = Sample Correction
- Cg = rod length correction

= SPT N value recorded in the field
ion factors taken are :
\d dro} hammer, due to lack of true verticalness and proper speed of SPT blow

115 mm dia. Borchole,

=0.75 for rod length 3.00 - 3.99 m,

5.99 m, =0.95 for rod length 6.00 - 9.99 m,
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Unit Weight of the Soil Layers (y) KN/m*

The unit weight of the soil layers are directly found from the retrieved soil samples through
the SPT Tubes in the field or as per the observed N value from the ficld test. The ultimate
design of the foundation is found for the worst condition i.e. submerged condition. So the

saturated unit weight of the soil layers were found considering the above mostly adopted

2.5x2.5, 3.0x3.0) m* Square open isolated Shallow
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F.S. = Factor of Safety (3)
Rw; = water correction factor

If soils have loose to medium densencss and soft 1o medium stff consistency then the
foundation tails according as the local shear failure (LSF) otherwise fails in general shear failure (GSF)
criterion.

i) (Using Meyerhos956, 1974) Correlation Where.
For 25mm settlement

.1 Ngo DKDI ((B+0.3)/B) 2 Rw; KN/ m’ for
|
R I R (")

= 14033 (DB) <13

* Breath and Depth of foundation (m)

2
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failure (GSF) criterion.

Using Meyerhofs (1965) & Bowles (1977) Correlation

Qure=11.98 Neg ((3.28B+1)/(3.28B))21; (8/25) Rwy KN/m'..oooiiins (1
Where,

Ngo = SPT N value corrected for field procedure

B=Width of footing (m)

S=Settlement in mm

F=1+0.33 (D/B) €1.33

Rw;=water table correction

From the above both testing methods the bearing capacity and other relevant data's are
found and then correlated to each other that helps to verify the final product.

The both type of foundation and design parameters are given in the Annexes D

layas arc non plastic silts. slightly plastic clayey silts,
below  the assumed depth  of  foundation  level
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This is the total amount of settlement that will take place continuously for hundreds of years.
The maximum permissible values for spread and mat/pile foundation will be 65 and 100mm
respectively.

4. Liquefaction analysis

Liquefaction is a phenomena during which soil (mainly fine sand and silty sand) losses its shear

strength significantly and behaves as a fluid. During earthquakes, due to generation of excess pore

pressure, effective stress will be reduced and the soil may undergo complete liquefaction or decrease in
' shear strength causing settlement and lateral spreading of soil mass,

In general, for clean sand, if the SPT value is less than 30, the soil is prone to liquefaction. The increase
in fines content, however, increases the liquefaction resistance of soil. In this report. the soil
liquefaction analysis has been done based on SPT N value.

a

ffective vertical stress; ~ ™ is the peak horizontal

gravity; Y4 is the nonlinear shear stress mass

K

is the magnitude scaling factor; ™7 is the

eration of factors X< and Ka (for sloping -
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» (1-0.4113:"* +0.04052: 4 0.001753z"")
(1-0.4177z"" 4.0.05729z - 0.006205z"* +0.00121z7)

Ya

where z = depth below ground surface in meters.

Cyclic resistance ratio (CRR), the capacity of soil to resist liquefaction. can be obtained from the
corrected blow count (Ve using empirical correlations proposed by Seed et al, (1985). The CRR

curves for a fines content of < 5% (clean sands) can be approximated by Youd et al. (2001)

1 (V) 50 |
RR.. = 4ot le0 -
"U34-(N), 135 10N, +45] 200

0 for VMo < 30, For (Vw230 cean granular soils are classified as non-liquefiable. The CRR
)’ - increases with increasing fines content and thus (N should be corrected to an equivalent clean sand

i :,,Q’\,).m (Youd et al. 2001)

e

ion resistance: Ca =factor to normalize N to a common reference

@

= correction for hammer energy ratio; ~ # = correction factor

ctor for rod length; Cs —correction for samplers with or

(Youd et al. 2001), the lower and upper bounds for

) = =33
B =M 757 respectively ( Yiis the
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where Pe is the atmospheric pressure (100 kPa) and / is assumed to be 0.75 ( a value of 0,6-0.8 is
recommended in Youd et al., 2001).
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5.5.3 FINDINGS
5.54.1 Shallow Foundation
Summary Sheet for Isolated Square Footin
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Nepal
CLIENT - Nepal Blectricity Autonty (NEA)Nepal
LOCA abast i,Nepal
i Recommended Recommended Recommended
Allowable Allowable Recommended Allowable
"1} | 3 m', : Beanng Beanng Foundation Allowable  |Foundation Bewing
= | ounda Capacity Capacity Width  |Beanng Capacuy [ widih Capacity
) (KN/m’) (KN/m®) (mxm) (KN/m') (mxn) (KN/m’) Remarks
< __ BS17 92 55 25 9279 a0 93 04
== 9923 28 99 52 30 99 81
i 100 90 25 10115 30 101 40
= 92 55 25 9279 30 93 04
% 9923 25 99 52 30 99,81
B 103.76 25 104.05 30 104 34
96.36 25 94 34 30 94,63
i 101.53 28 99 52 30 99 81
i 102 88 25 101,15 30 101 40
o= 5933 250 84 45 30 93.04
9141 250 97.25 30 97 50
103 76 250 104.05 30 104 34
7109 3¢ 9279 30 03 (4
9923 25 9952 20 9981
103 76 25 104 05 30 104
ot for Raft Footing
:w Butwal Substation Project at Nawalparasi.Nepal
)
Recommended
Recommended Allowable
Allowable | Foundation Beaning
| Width |BeanngCapacity | width Capacity
| (mxm) (KN/m?) (mxm) (KN/m®) | Remarks
7 9502 80 95 52
=7 10211 RO 102 68
7/ 103 38 80 103 87
9502 80 95 52
= 10211 80 102 68
s 106 64 80 107 2
| 9693 80 97 51
B 102} 80 102 68
10338 80 103 87
_ '9693 80 9751
I (] 80 102 68
80 103 87
02 80 95 52
i 80 102 68
e ) 107 21
|
1 i)
g = T o
i - =2
S ’
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5. Conclusion and Recommendation

e The foundation design Engineer can choose the depth and dimension of foundation selected in the
bearing capacity analysis of this report, generally isolated footing or Raft footing depending upon
the load of structure. But minimum depth of foundation is recommended |.5m depth below form
natural ground level. However, Allowable bearing capacity depends on many variables such as
adopted allowable settlement, type of foundation, size and depth of foundation. importance of

structure etc. Hence based on parameters obtained from this investigation provided in this report.

evels indicated on the logs of borings represents the measured levels at the time
immediately 24 hourafter completion of drilling works, which may be
arby small pouch of fractured/weathered strata or pouring water in to the

rilling works but water table is assumed in surface of the ground.

slopes downward adjacent to a footing. the sloping surface shall not
waterial under the footing having sides which make an angle of 30°

horizontal distance from the lower edge of the footing to the
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RILLING LO

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi.Nepal Hok No. |
CLIENT : Nepal Electricity Autority (NEA),Nepal Date: Apnl 2018
LOCATION:Suryabasti,Nawalparasi,Nepal Station:
Co-ordmate: 3050920.094 N 469532 193 E Elevation
Method of Drilling-Percussion Ground water 0.5 m
Driller: Mr.Shyamji _ Hole Dia 150 mm
¢ No ol blows y 3 N-Value SPT [EiEiii .
2|2 |2 N P
Soil Description g % % § |88 8 : 3 et
ﬁg‘”&"‘: 212 | 2 & oxozosowsoeomnoq
+ 0
il &+
SPT 2l 6 1
2 15
AR e ol Kty 4 vk s .3 SPT 2l 4 6l 10 3

/f

> S0
Very Dense
161032 | >32
Very Silt™ 1 Hard |

; Scanned with :
{8 CamScanner” |


https://v3.camscanner.com/user/download

DRILLING LOG

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Nepal Hoke No,; 2

CLIENT : Nepal Electricity Autority (NEA),Nepal Date: April 2018

LOCATION:Suryabasti,Nawalparasi,Nepal Station:
Elevaton:

Ground water 0 5 m
Hole D 150 wim

N-Vale  SPT (G

cPT =

Symbol
Depth. m
uscs
5em
5cm
Sem
N-Value

0 10 20 30 40 50 60 70 80 S0

0

HetG W T . m

=50
Very Dense
16 10 32 | >R
Very Suf™ 1 Hard
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PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi Nepal Hok No. 3
CLIENT : Nepal Electricity Autority (NEA) Nepal Dute: Aprid 2018
LOCATION S uryabasti, Nawalparasi Nepal Staton
Co-ordinate 3050521 781 N 469497 7668 I | levanon
Method of Drillwg Percusson Growd water 0 8 m
Driller Mr. Mok [Da 150 m
0_of blows € N Vake sPT TR
? € e ’ o crr =
& vlelal 2 2
. = | Fa ? 0O 10 0 10 40 SO &0 70 SO %0
0
5 +
A SPT gl 8| 8| 16 V& [
-1 SPT | 4 5§ o) -
o \
YeBowsh grey colour clayey sit 5 SPT '1 9) 17 s
6 SPT sl 1| 2 3
i)
SPT N 7 14
.3 75 \\
= pp— __.I. 9 13| 15] 20 15 9 N,
10 4
i SPT il uf 3 24 i /
™N
<12 FEseT 20 2| 2
12
13
ML
i SPT 9 18] 22 e
15 PT 20 39| )
) f 15
16 |
~ BEHSPT 3s| 42| 42
1 165
18 [EEseT w 2| «
: 18
9
sy 3 w4
3 195
> 17| 39| 39
21
1 39
y}J ﬂﬁ 225
S| 2| 4|
l' s 24
2| 38 8
LYY
T o =
LU 10 1o 3010 50 (T
2 X nse nse Very Dense
Xl 81016 16 10 32 32
4108 10 _—V_—Sﬁ'l'_ery“ i ":‘iﬁ"‘
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DRILLING LOG
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Nepal Hole No. 4
CLIENT : Nepal Electricity Autority (NEA),Nepal Date: April 2018
LOCATION:Suryabasti,Nawalparasi,Nepal Staton
"0 3 Elevaton
Ground water 0 5 m
- Holke D@ 150 mm
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DRILLING LOG
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi. Nepal Hole No. §
CLIENT : Nepal Electricity Autority (NEA),Nepal Date Apnl 2018
LOCATION:Suryabasti. Nawalparasi. Nepal Staton
Co-ordmate: 3050752 4767 N.469737 9403 E Elevation.
Method of Drilling-Percussion Ground water 0.5 m
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NATURAL MOISTURE CONTENT
PROJECT: Geotechnical Investigntion for the New Butwal Substation Project at NowalparasiNepal
CLIENT : Nepal Electricity Autority (NEA ) Nepal
LOCA TION:Suryabasti,Nawalpamsi.Nepal
Container Wi of Wi ol Dry Molisture
Sample No. | Depthim | = o wet Soll_[Dry Soil(3)]  Water m»nh Content (%)
Bore Hole No. |
[ sSPT-1 3 C2 101,47 82 85 18.62 #2383 22.47
SPT-5 7.5 B4 104,02 873 16.72 “H7.30 19.15
~ SPT-10 s BY 106.05 9302 T3.03 9302 1401
SPT-11 165 | C©7 97.59 83 34 14.25 8134 17.10
SPT-13 19.5 B2 107.32 8922 18.10 g 20,29
SPT-17 255 B3 10336 82 98 2038 HOB: | 24.56
[ Bore Hole No 2
SPT-1 1.5 B6 13347 11524 18.23 115.24 15.82
SPT-2 3 Bl 133.5 117.14 16.36 T17.14 13.97
SPT-3 4.5 BS 132.86 115.76 17.10 115.76 14.77
SPT-6 9 A2 133.28 116.23 17.05 116.23 14.67
SPT-8 12 AA9 130.09 101.01 20.08 T01.01 28.79
SR REE C8 132.17 11546 T6.71 T15.46 347
SPT-12 18 C10 131.21 11929 1192 | 119.29 9.99
SPT-17 25.5 131.8 118.56 32 TTR 36 11,17
~ Bore Hole No. 3
Lo ISPTel. WE B10 131.16 111.78 1938 11178 17.34
e P [ ) Ad 130.82 107.99 2283 10799 2114
4 A3 132.42 108.15 2427 10815 22 44
- BI10 131.16 111.78 1938 111.78 17.34
= A9 130.09 108.55 21.54 ~ 108.55 19.84
AT (RN X . 109.9 2363 TO9; 31.50
i 4
« 132.86 104.36 28.50 104.36 2731
=] 133.36 107.8 2556 107.80 23.71
0 | 1348 107.45 27.35 10745 25.45
| 13094 114.82 16.12 T14.82 14.04
BRI 32:13 113.35 1878 11335 16.57
NN 133.77 INE 22.64 EE 20.37
_ 13044 .17 1927 TITT7 17.33
- s
12929 110.24 19.05 110.249 17.28
13041 115 15.41 115.00 13.40
_131.99 115.93 16.06 115.93 13.85
1.6 115.21 16.39 115.21 14.23
291 13.86 19.41 113.86 17.05
i dr] 14.79 17.58 | 11479 1531
109,23 3189 | 10923 20.04
| 108.32 2097 TOR3Y 19.36
N
1]
2

-
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GRAIN SIZE ANALYSIS

est Method * IS: 2720 (Part 4) - 1985

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparas| Nepal Horehole <1 - SPT 2
LIENT : Nepal Electricity Autority (NEA) Nepal Depth 1 00m
OCATION: i,  Nepal
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Test Method : 1S: 2720 (Part 4) - 1985
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi Nepal Borehole -1 -SPT 10
CLIENT : Nepal Electricity Autority (NEA),Nepal Depth 1500 m
LOCATION:: Nawalparasi,Nepal
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Test Method IS 2720 (Part 4) - 1985

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Nepal

GRAIN SIZE ANALYSIS
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est Method : 1S: 2720 (Part 4) - 1985
PROJECT: Geotechnical Investigation for the New Butwal Substation Project al Nawalparasi.Nepal Borehoke -2-SPT |
CLIENT : Nepal Electricity Autority (NEA) Nepal Depth 150 m
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Test Method IS 2720 (Pan 4) - 1985
PROJECT: Geotechnical Investigation for the New Butwal Subslation Project al Nawalparas| Nepal Borehole <2 - SPT 3
CLIENT : Nepal Electricity Autority (NEA), Nepal Depth 430 m
LOCATION:Suryabasti,Nawalparasi Nepal
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GRAIN SIZE ANALYSIS

est Method IS 2720 (Part 4) - 1985

PRO&CT:MMHMWWNMMHMWM!“MMLW Horehoke <2« SPT 8
LIENT : Nepal Electricity Autority (NEA) Nepal Depth 1200 m
OCATION: 51, Nepal
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N GRAIN SIZE ANALYSIS
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Test Method © 1S: 2720 (Part 4) - 1985
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparas| Nepal Borehole -2 - SPT 17
CLIENT : Nepal Electricity Autority (NEA) Nepal Depth 2850 m
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& GRAIN SIZE ANALYSIS
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GRAIN SIZE ANALYSIS

est Method | 182720 (Pan 4) - 1985
T: Geotechnical nvestigation for the New Butwal Substation Project al Nawalparas Nepal Rorehole -3« SI'T 2
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GRAIN SIZE ANALYSIS

Test Method 1S 2720 (Part 4) - 1985

T: Geotechnical hvestigation for the New Butwal Substation Project at Nawalparasi Nepal Borehoke <3 -SPT S
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est Method 1S 2720 (Part 4) - 1985

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparas| Nepal

GRAIN SIZE ANALYSIS
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GRAIN SIZE ANALYSIS

e New Butwal Substation Project at Nawalparasi,Nepal
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est Method 1S 2720 (Part 4) - 1985

ROJECT: Geotechnical nvestigation for the New Butwal Substation Project al Nawalparasi,Nepal

GRAIN SIZE ANALYSIS

Borehoke <4 - SPT 2

: Nepal Electricity Autority (NEA) Nepal Depth 1 00m
LOCATION: 1, Naw: \.Nepal
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GRAIN SIZE ANALYSIS

New ' Butwal Substation Project at Nawalparasi Nepal

Borehoke -5 - SPT |
Depth 1 50m
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Test Method © 1S 2720 (Part 4) - 1985
PROJECT: Geotechnical Investigation for the New Butwal Substation Project al Nawalparasi Nepal Borehoke -5 - SPT 2
CLIENT : Nepal Electricity Autority (NEA),Nepal Depth 300 m
LOCATION:Suryabasti,Nawalparasi,Nepal
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- GRAIN SIZE ANALYSIS
-
the New Butwal Substation Project at Nawalparasi.Nepal Borehole -5 - SPT 3
. Depth 4 50 m
=SR]
- Ll’;" w
- —
———
c'.- r;’ A
—omu
[l
v;\';.)" l 0 nn 10 100
Sieves, mm
| 00%
i

: Scanned with 5
‘@ CamScanner:


https://v3.camscanner.com/user/download

PLASTIC LIMIT

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at NawalparasiNepal
CLIENT : Nepal Electricity Autority (NEA).Nepal
LOCATION: Suryabasti,NawalparasiNepal

Bare hole: |

Depth (m): 3.0m

Determination No.

Continer No

| Weight of wet soil

ums

4. 59

370

[Weight of dry soil

ms

379

103

wms

18 56

1756

Weight of Can
Water content

2111

2211

Plastic limit

21 .61

LIQUID LIMIT

Determination No.

Weight of Wet soil

s

17.23

18.75

14 24

Weight of dry soil

s

1331

14 49

1126

16 69

18.13

17 36

Weight of Can

Water content

29 45

29 40

2647

Number of blows

17.00

21.00

33.00

w

-

29

‘Water Content, %

32 35
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UNCONFINED COMPRESSION TEST
PROJECT Geotechnial Investigation for the New Butwal Substatron Project al Naw alparast Nepal
IENT Nepal Boctnoty Autority (NEA) Nepal
DCATION Sury sbasti Nawalparas Nepal

Borehole No 4
Depth. m 000
Sampk No uns
Water Content, 1404
Unit Weght. gmee 12
o 7 ——TT - T T
0% > -
040
H >
-
§ ov e
; ” —1 — —4 - < "
= 7
3 = ===
LR B e -
0w == = === -
nm & 2
o ? 4 o x "

UnitStrain,ein%
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PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Ne
CLIENT : Nepal Electricity Autority (NEA),Nepal
LOCATION:Suryabasti,Nawalparasi,Nepal
BH No: 1
PRG Factor, kN/Div.: 0.0019
Depth (m) 3.0 Area m” 0.0036
Date:
TestNo. 1 1 | 2 | 3
Normal Load 50 kN/m? [Normal Loa ; m al Loa 0 kN/m
Bl 3‘:1 ::;”"9 Load Ring | Shear | LoadRing | Shear | Load Ring | Shear Stress
o Dial Stress  [Dial Reading| Stress Dial KN/m?
0.00 0.0 0.00 00 0.00 0.0 0.00
~25.00 9.0 275 250 13.19 50.0 26.39
5000 1.0 5.81 330 17.42 58.0 3061
~75.00 15.0 7.02 ~ 380 20.06 ~ 760 4011
100.00 18.0 9.50 440 23.22 84.0 44.33
[~ 150.00 22.0 1161 50.0 26.39 90.0 47 50
— 200.00 27.0 14.25 55.0 29.03 ~ 980 51.72
250.00 33.0 17.42 620 3272 1070 56.47
300.00 38.0 20.06 68.0 3589 1140 60.17
350,00 ~ 440 2322 72.0 38.00 1210 63.86
—400.00 50.0 26.39 75.0 39.58 1300 6861
45000 58.0 3061 80.0 4222 1380 72.83
— 500,00 650 3431 90.00 27.50 144.0 76.00
‘ ~600.00 63.0 33.25 97.00 51.19 152.0 80.22
700,00 95.00 50.14 145.0 76.53
B Gt : 140.0 7389
! [
LB.. —
el
! L? .
. 0 T

|r‘2° 140 160 180 200 220 240
ss, KN'sq.m
'!Ii-
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Direct Shear Test

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Ne
ACLIENT : Nepal Electricity Autority (NEA),Nepal
LOCATION:Suryabasti,Nawalparasi,Nepal

BH No: 1
PRG Factor, kN/Div.. 0.0019
Depth (m) 7.5 Area m? 0.0036
Date:
TestNo. 1 1 2 3
i Normal Load 50 kN/m? |Non'nai Load 100.0 EN?m'l Normal Load 200.0 kN/m”
Horiz. 2'3'1 Reading " ooqRing | Shear | Load Ring | Shear | Load Ring | Shear Stress
LA, Dial Stress  |Dial Reading| Stress Dial KN/m?
0.00 00 0.00 0.0 0.00 00 0.00
— 2500 50 2.64 15.0 7.92 250 13.19
~50.00 10.0 528 200 10.56 ~ 300 15.83
~75.00 15.0 7.92 250 13.19 350 1847
—100.00 200 10.56 30.0 15.83 400 2111
— 150.00 25.0 13.19 350 18.47 450 2375
200.00 300 15.83 200 2111 50.0 2639
— 250.00 —35.0 1847 450 2375 55.0 29.03
— 300.00 400 2111 50.0 2639 60.0 3167
= 39000 35.0 23.75 55.0 29.03 550 34.31
— 400.00 52.0 27.44 60.0 3167 70.0 36.94
p R 570 30.08 65.0 3431 750 3958
| S0 26.39 70.00 36.94 ~ 80.0 4222
AN 65.00 34.31 85.0 50.14
T 0.00 105.0 55.42
Sy 95.0 50.14
=
=
i
b
=
=)
=
_‘“:. /_—’0
0 160 180 200 220 240
m
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“Direct Shear Test

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Ne
CLIENT : Nepal Electricity Autority (NEA),Nepal
LOCATION:Suryabasti,Nawalparasi,Nepal

PRG Factor, kN/Div..  0.00354

15.0 Area m* 0.0036
Date:
1 V] 3
287.00
T47.00
194

Normal Loéd 50 kN/m? al Load 100.0 KN/m?| Normal Load 200.0 KN/m”
Horiz, Dial Reading

0.01 Load Ring Shear Load Ring Shear | Load Ring | Shear Stress
S O:91mm) Dial Stress  |Dial Reading| Stress Dial KN/m?
0.00 0.0 0.00 0.0 0.00 0.0 0.00
— 25.00 80 885 2.0 11.80 — 250 2458
— 50.00 11.0 10.82 19.0 18.68 39.0 38.35
[~ 75.00 12.0 1180 250 2458 7.0 46.22
— 100.00 17.0 16.72 27.0 26.55 52.0 51.13
ipe. o000y 220 2163 37.0 36.38 62.0 60.97
— 20000 280 27.53 420 41.30 74.0 7277
T 250.00 300 2050 440 4327 80.0 7867
— 30000 320 3147 450 44.25 ~ 86,0 84.57
35000 325 3196 455 4474 ~50.0 88 50
. 40000 7 490 48.18 93.0 9145
i 510 5015 | 980 96.37
) 53.00 ~ 5212 ~105.0 103.25
54.00 53.10 710.0 108.17
C ‘ 56. 55.07 115.0 113.08
— e 55.00 54.08 118.0 116.03
) 115.0 113.08
=
=i
| L
i |
2
i |
s
(= I wl- Ai ' :
160 180 200 220 240

: Scanned with 5
‘@ CamScanner:


https://v3.camscanner.com/user/download

e

Direct Shear Test
PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Ne
CLIENT : Nepal Electricity Autority (NEA),Nepal
LOCATION:Suryabasti,Nawalparasi,Nepal
BH No: 3
PRG Factor, kN/Div.: 0.0019
Depth (m) 3.0 Area m* 0.0036
| (e Date:
[ T 1 Pl 3 ‘
2 Normal Load 50 KN/m” I'Nonnal Load 100.0 kNIm’| Normal Load 200.0 kN/m?
Load Ring Shear Load Ring Shear Load Ring | Shear Stress
; Dial Stress  [Dial Reading| Stress Dial KN/m?
e 0.0, 0.00 0.0 0.00 0.0 0.00
gl B0 422 200 1056 200 2111
150 7.92 ~ 280 14.78 450 23.75
AL 10.56 35.0 18.47 52.0 2744
13.19 420 2217 58.0 3061
30 e 15.83 50.0 26.39 640 3378
OIS 18.47 61.0 32.19 ~ 700 36.94
S| =21 71.0 37.47 = B0 40,11
ey 2375 80.0 4222 83.0 4381
— | 2639 900 47 50 84.0 4433
f |l 29,03 102.0 53.83 100.0 5278
1T 2639 1100 58.06 111.0 58 58
Sl 2375 117.00 6175 119.0 62.81
il 114.00 60.17 — 1280 67.56
I 110.00 58.06 138.0 72.83
147.0 77.58
T 140.0 73.89
i 135.0 7125
.
L.
é‘—-ﬁ
Al
118
| [
. 180 200 220 240
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Direct Shear Test

PROJECT: Geotechnical Investigation for the New Butwal Substation Project at Nawalparasi,Ne
CLIENT : Nepal Electricity Autority (NEA),Nepal
LOCATION:Suryabasti,Nawalparasi,Nepal

BH No: §
PRG Factor, kN/Div.: 0.0019
Depth (m) 4.5 Area m* 0.0036
Date:

TestNo. 1 1 | 2 3
o .| Normal Load 50 kN/m* [Normal Load 100.0 kNlmﬁZI Normal Load 200.0 kN/m?
) o8 mw Load Ring Shear Load Ring | Shear | Load Ring | Shear Stress

| Dial Stress  |Dial Reading| Stress Dial KN/m?

0 0.00 00 0.00 00 0.00

el 264 25.0 13.19 30.0 1583

C | 528 35.0 1847 300 2111 :

| 897 450 23.75 480 25.33

Sl 1287 52.0 27 44 610 32.19

| 1689 60.0 3167 72.0 38.00

21 68.0 3589 820 43.28

— 2481 740 39.06 920 4856

~ 2903 ~80.0 4222 1010 53.31

99.0 5225 110.0 58.06

100.0 52.78 121.0 63.86

112.0 5911 130.0 6861

125.00 6597 141.0 7442

] 120.00 6333 1480 7811

T 1580 8339

Bhe 1550 81.81

150.0 7917

= [
e
]
luﬁ.-_
'8
}
8
200 220 240
e GT@‘
| - = \'r
NETER. = S35y,
o ¥ oy
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CONSOLIDATION TEST

Profect:New Butwal Substation

Clent . Nepal Electrical Authority (NEA)

Locaton © Suryabasti, Nawaiparasi, Nepal

Tested By Clay Enginoering Consutancy PvLid

e

SAMPLE NO UDS:1
BOREHOLE NO. | DEPTH, m ) 00 5
. e soil g 304 53 b 1INl montire content (w) % N n—'l
Wt of Ring + Dry soil. gm MK Initial vend ratio, ¢o * w () 06N
18651 Q2 Specific Gravity of solds () 0y
Ht of solids, 2Ho = (ho/(1 #e0)), 1 1238 Inial height of sample (ho)  min oo
e ) .1 D NN NN N 0 X0 1.0 L 1
Pressure In (kN/sq.m) 491 98l 19 62 19 M4 78 48 156 96 RIRR 784 80
Elapsed Time ( munnytes) Dl Gaupe Read L
0 110000 | 10960 | 109860 | 108980 | 1077 50 'ﬁﬁ'ﬁ! 102 989 00
0s 1100 00 1099 s0 109300 | 107980 | 106250 | 100600 | 99900 2100
1 110000 | 1099 ¢0 1092 50 | 109940 | 106200 | 103800 | 99820 | 9800
? 110000 | 1092 30 109220 | 109920 | 106100 | 10000 | 99700 | 91610
4 1100 00 1099 20 109200 | 107910 10606 | 103350 | 996 00 93500
s 110000 | 1099 20 100190 [ 107890 | 106000 | 103320 | 99520 | 23160
16 110000 | 1099 20 109190 | 107870 | 105970 | 103290 | 99480 | 932210
30 1100 00 1099.20 1091 R0 | 107820 | 105910 | 103220 | 99) 50 930 50
60 109990 1099 10 1091.60 1078.10 | 1058 50 | 1031 80 | 992 90 929 40
120 1099.50 1099 10 1091 .00 1078 10 | 105800 [ 103120 | 99} 90 928 70
240 1099.80 1099.10 105080 | 107290 | In5800 | 103080 | 991 00 927 60
480 1099.70 109910 109000 | 108000 | 108700 | 1030.00 | 978 40 92600
1440 1099 60 1098 60 108980 | 1077 50 [ 105600 | 102900 | 98Y 00 924 00
: Pressure Daal Change Heof  [Equiv L
| Intensay Readig. - nheigt sample  fhi of vouds Voul rann m,
e AN el SNE = Fan mm !m] (2H-2Ho] e(2H-2Ho)2Ho|  m'AN |
. F LS L TR 0 628664
| 2000 1712 0628339 5 12E-08
Sl 1998 17 0627524 | 02E-04
- 195 162 0620358 4 49E-04
918 | 7150 0.610342 3 14E-04
.56 | 728 0.592834 2 74E-04
0 , 0570847 1 72E-04
0.538274 1.27€-04
= 0 485342 690C-05 |
T i A ~
: |
il
e i
3 w0 100 1000
".W,‘m'
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CONSOLIDATION TEST

Project New Butwa! Substation

Clent - Nepal Elactrical Authority (NEA)
Location ' Suryabas Nawalparas: Nepal
Testeg By Clay Engineering Consulancy PV Lid

SAMPLE NO UDs-| "
BOREHOLE NO 2 DEPTH, m A 00
+ Wel soil, gm Inital mowture content (w), % 12
Wt of Ring ¢ Dry soil, gm 2179 Iniinl voud rato, e = w G 0578
Wt of Ring, gm 186 52 Specific Gravity of solids (C) 115
Ht of sohds, 2Ho = |+e0)], 0 1267 Initwl height of sample (ho),  mm 10 00
Int M——“ 0.40 080 160 320 | 800 |
Pressure Intensity (kN/sq m) 39 24 78 4% 156 96 139 784 80
Elapsed Tune ( mmnutes) Dl Gouge Reading
0 1100 00 1066 20 102340 [ 971320 91410
03 1081 00 1034 00 985 00 92900 85100
| 1079 00 1032 00 98180 926 00 848 00
2 107750 | 103100 98200 | 92470 | 84400
4 107650 | 102980 98060 | 92300 | 84300
8 107580 | 1028 70 97980 | 92180 | 84240
16 107510 | 102740 97850 | 92000 | 8)9.20
30 1074 00 1027 00 MmN 91940 338 30
60 1070 00 1026 20 97700 91820 83700
120 106980 | 102500 97600 | 91730 | 83570
20 1069 60 1024 80 975 916 30 83490
; 480 106800 | 102420 | 97400 | w1500, | 83300
J 1440 106620 | 102140 | 97320 | w1410 | 8120 | NI
— =
F 5 Hiof  |Equiv
sample  [ht of vods Voud ratio m,
[2H-210) e=(2H-2Ho)2llo|  m'AN
e 733 0 578532
X 69 , 0551855 4 42E-04
' 656 0 518074 5 46L-04
606 0478453 3 20E-04
14 547 0431807 | 88E-04
31 | 464 0366377 8 B1E-05
s T
1 [ et
L e ]
=T =
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CONSOLIDATION TEST

Project: New Butwal Substation

Client : Nepal Eloctrical Authority (NEA)

Location : Suryabasti, Nawalparasi Nepal

Tested By: Clay Engineering Consutancy Pwt Lid

SAMPLE NO. y uDS-1 .
BOREHOLE NO 3 DEPTH, m 1 50
Wi of Ring + Wet soil, gn 300 9) Il mowsture content (w) . % 2 R
Wi of Rung + Dry soil, gn 27311 Initi voud ratio, o * w G 0715
Wt of Ring. gn 18631 C2 Specific Gravity of solids (0) 2660
Ht of sohds,2Ho = [ho/(| +e0)). 11.66 Initial heydht of sample (ho),  mm 20 00
sure Intensity (kg/sq.cm) 005 010 020 | 040 080 [ 160 320 000 [
Pressure Intensity (kN/sq m) 49| 981 19.62 394 78 48 |56 96 31192 R4 R0
Elapsed Time ( minnutes) S e Dial Gauge Readin
110000 | 1099.50 109900 | 109140 | 107910 [ 105750 | 102120 | 976 20
110000 | 1099.40 109800 | 108500 | 106150 | 102900 | 9400 | 92400
110000 | 1099.40 109700 | 108400 | 106290 | 102800 | 99200 921 30
1100 00 1099.40 109500 | 108350 | 106220 | 1027 50 | 99100 91900
1100.00 1099.40 109400 | 1083 10 | 106190 | 102700 | 99000 917 &0
1100 00 1099.30 109330 | 108290 | 106140 | 102620 | 98R RO Q1610
1100.00 1099 30 109340 | 108260 | 1N61 10 | 102580 | 98720 91300
110000 | 1099.20 109320 | 108200 | 106040 | 102500 | YR6 00 911 40
1099 S0 1099 10 109310 | 108100 | 106000 | 1024 40 | 98120 21000
109980 | 109900 109300 | 1081 00 | 105940 | 102390 | 98090 909 00
109960 | 1099.00 | 109300 | IDRO00 | 105800 | 102320 | 99950 | 907 K0
| 109950 | 1099.00 109220 | 108000 | 105700 | 102200 | 97840 | 90R 00
L | 109950 | 1099.00 1091.40 | 107910 | 105750 | 102120 | 97620 | woyo0
= Change [ Ht of A
| sample Void rano m,
i e=(2H-2Ho)2Ho|  m'KN
0715266
1 0 714837 6 40E-05
| 0714408 S 10E-0$
| 0 707890 I B7E.0e
0697341 3 14E.0a
" 0678816 25k
0 647684 208
0609091 1 43E.04
0546312 778608 |

o
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CONSOLIDATION TEST.

Project:New Butwal Substation

Ciient : Nepal Eloctrical Authority (NEA)

Location : Suryabasti, Nawalparasi,Nepal

Tested By: Clay Engineering Consultancy P\ Ltd.

SAMPLE NO . UDS-1 o
BOREHOLE NO -4 DEPTH, m 4 50
‘Wt of Ring + Wet soil, gm © 30395 Imtial mossture content (w), % 19 36
. 28476 Inital vord ratio, co = w G 0522
%060 Specific Gravity of solids (G) 2.695
SRR dnas Initial height of sample (ho),  mm 2000
| 040 0.80 1.60 3.20 8.00
24 | 7848 156.96 | 31392 | 78480
Y Dul Gauge Reading
150 101570 | 97890 93500
989 00 947.00 898 00
988 00 945 70 894 SO
987 50 944 80 89320
985 00 942 90 892 40
| 98320 941 20 891 00
- | 98200 939 90 890 00
| 98110 938 80 889 00
| 98020 | 93790 | 88850
Fe 937 00 886 90
936 20 886 00
93570 885 00 A
935.00 §84 .00
Jgs' Voud ratio m,
Qe c=(2H-2Ho)2Ho|  m'kN
A 0522070
) 07485160 6 34E-04
’ 0.457915 4 S6E-04
0429909 2 J5E-04
4, 0 396399 I 40E-04
P, 0.357686 5 42E-05
F=1]
T L e i & "I =) b1 )
[ mam
= Fh \J\ |
Rl ) 1114
- = 51 24 i 13 191 1 11
i
gl 41
2 Il
il
o0 1000
l’I
- [}
5 3
< ) Boad
L |- e i
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NATURAL MOISTURE CONTENT
Project New Butwal Substation
Client - Nepal Electricnl Authority (NEA)
Location - Suryabasti Nawalparasi Nepal
Tested By: Clay Engineering Consultancy PV LId i
Container wof Wi of Water | Wi of Dry Soil Moistwre
SampleNo. [ Dephn | g™ | comainer | V515" | Dry Soil 8) | wwaa) wo-()l:c; Conten (%)
Bore Hole No |
SPT-1 Y [ ] 7 V| T Y o ) ) [ XL ot | 1434 | 2376
Bore Hole No. 2
_SPT2 YO ) [ 1 e YU O R i 3147 | 2129
Bore Hole No. )
SPT-1 TR (DT (R T T Y T R e [ R 3311 ] 2764
| Bore Hole No. 4
SPT-1 (3 T T [ S TR T T 7 T (T Y S (T X ) | 19 36
| Borc HoleNo s
SPT-1_ VT [ MY Ve YT Y S T 2402

: Scanned with 5
'@ CamScanner


https://v3.camscanner.com/user/download

PPl i P Tt .uu“")x
~  |Project:New Butwal Substation
Client : Nepal Electrical Authority (NEA)
Location : Suryabasti,Nawalparasi,Nepal
Tested By: Clay Engineering Consultancy Pvt.Lid, "
Borehole No. | e
Deglh. m 3,00 3.00
Wt Pycnometer + Water + Soil gn 190.20 187.85
Wt. Pycnometer + Water 174.34 169,03
Wt. Soil gn 25 30
Specific Gravity of Water 0.9988 0.9998
6 Specific Gravity of Soil 2.732 2,683
& Avg. Specific Gravity of soil 2.7075
Borehole No. 2
i Depth, m 3.00 3.00
Wt. Pycnometer + Water + Soil __gm 187.97 187.16
W1i. Pycnometer + Water L 172.18 168 16
Wt. Soil _gm 25 30
Specific Gravity of Water 0.9986 0.9986
— Specific Gravity of Soil 2,711 2.723
= fi-ué-‘ H __Avg. Specific Gravity of soil ot
4.50
187.91
169
30
0.9988
2.702
4.50
190.65
171.84
30 00
0.9988
2.678
4.50
189.88
170.67
30.00
0.9986
2,776
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Grain Size Analysis
Test Meth:: 1S: 2720 (Part 4) - 1985
|Project:New Butwal Substation Aoreliole 1 - SPT 2
Client : Nepal Electrical Authority (NEA) L Depth ) 00 m
Location  Suryabasti,Nawalparasl.Nepal
Tested By: Clay Engineering Consultancy Pvi Lid.
Sieve Passi (S
20.000 mm 10000 | ROWI (8 - ) I 1/ NI 2
10.000_ mm 10000 | i ragpys e hit e ) R
4.750 mm [IRE " e I : ; REsm 12 ¢ SRR
2.360 mm 9613 TR T A A= i o i i
1.180 mm 9543 N =paes = % PO 5 5 e
0,600 mvm 9521 | e e 1 (0 [ e s o Sy o AR e, 1 Dkt 8 b L)
425 mm 9513 - - ,",4'— ——t - —
0 = : {1 i€ e A o U e 1) b s 00 e ek L |
0.150 mm ﬁ - z = rEa = = : v s o e : e e e
! - a
- : 1 A
l° T - M ey
. N— S .
fE E = 001 0 | 10 10
. Sieves, mm i
02 0075 475
) TR SAND | GRAVEL
x| 2w | 2% 23%
=== = : ~
- Grain Size Analysis
e Borehole +2 - SPT |
¥ Depth 300 m

l’;’:

IS RIIN
= )
SN
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Test Meth 1S: 2720 (Pan 4) « 1983 }
Project:New Butwal Substation forehole ). SP 1)
Client : Nepal Electrical Authority (NEA) Depth 4 30 m
L ion . Suryabast Nawalparasi Nepal
[}
Tested By: Clay Engineering Consultancy Pvi.Lid.
Sleve Pusl
20000 mm | 10000 | L) VE 13 (1t PO T 51 e ) 1 GOSN ShYREY PR () § fio == 4 Sy g e |
10.000 mm 100.00 __13 t‘*,_‘ a:;*%*:“::; ::‘.":"'*.‘:'.*,‘: % I 0 | ey iy O 1 o
4750 emm 9974 L e s mran: e " — - - = ot b [ . el | w2
1360 mn | 996) = R PR - .
1.180 mm 99 57 "0 =] TS
0.600 mm 99 57 e
ETTES 5 : -
* 3 .. 3 :
AW aiTs
. n ';“
)
b Borehole -4 - SPT 1
=] Depth 4 50 m
L
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