GEO-TECHNICAL INVESTIGATION
REPORT

(FINAL)

Project:
New Building in BHEL complex at
Plot No.-25, Sector-16-A, Noida (U.P.)

Project Ref.:13022215

August - 2013

Report submitted to:

M/s Space Combine
New Delhi

CONSULTANT

EXPLORE ENGINEERING CONSULTANTS PVT. LTD.
(ISO 9001:2008 COMPANY)

EXP' ORE ‘ C-273, Ground Floor, Sector 63, Noida - 201301 | Ph: +91120 4333415, 4333416
e-mail: exploreconsultants@gmail.com| website: www.exploreconsultants.com




% EXPLORE

(Project Ref.-13022215)

CONTENTS
Page No.
Brief Summary and Recommendations I-1ll
1.0 INTRODUCTION
1.1 Project Description 1
1.2 Object of Investigations 1
1.3 Scope of Investigations 1
1.4 Organization of Report 2
2.0 SITE RECONNAISSANCE
2.1 General Geology of the Area 3
2.2 General Weather 3
2.3 Site Description 3
3.0 FIELD INVESTIGATIONS
3.1 Introduction 4
3.2 Subsurface Exploration 4
3.3 Standard Penetration Test 4
3.4 Dynamic Cone Penetration Test 4
3.5 Ground Water Conditions 5
4.0 LABORATORY INVESTIGATIONS
41 Bulk Density and Natural Moisture Content 6
4.2 Grain Size Analysis 6
43  Atterberg’s Limits 6
4.4 Specific Gravity 6
4.5 Direct Shear Test 6
46  Triaxial Shear Test 6
5.0 FINDINGS OF INVESTIGATIONS 7-9
6.0 FOUNDATION ANALYSIS
6.1 Foundation Type 10
6.2 Shallow Foundations 10
6.3 Deep Foundation 10
6.4 Assessment of Liquefaction 10
6.5 Selection of Foundation 13
6.6 Determination of Bearing Capacity for Shallow foundation 13
6.7 Modulus of Subgrade Reaction 15
6.8 Pile Capacity 15
7.0 RECOMMENDATIONS 16-17

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




% EXPLORE

(Project Ref.-13022215)

ANNEXURES
Fig.- 1 Site Plan showing bore holes location | Page-18
Details of Bore hole ‘BH-1’
Table - 1 Bore Log Page -19
Table - 2 Summary of Laboratory Test Results Page -20
Table -3 Assessment of Liquefaction potential at different depths Page -21
Fig.- 2-4 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-22-24
Fig.- 5 Variation of SPT values ‘N’ with ‘Depth’ Page-25
Details of Bore hole ‘BH-2’
Table -4 Bore Log Page -26
Table -5 Summary of Laboratory Test Results Page -27
Table -6 Assessment of Liquefaction potential at different depths Page -28
Fig.- 6-8 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-29-31
Fig.- 9 Variation of SPT values ‘N’ with ‘Depth’ Page-32
Details of Bore hole ‘BH-3’

Table -7 Bore Log Page -33
Table - 8 Summary of Laboratory Test Results Page -34
Table -9 Assessment of Liquefaction potential at different depths Page -35
Fig.- 10-12 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-36-38
Fig.- 13 Variation of SPT values ‘N’ with ‘Depth’ Page-39
Details of Bore hole ‘BH-4’

Table — 10 Bore Log Page -40

Table — 11 Summary of Laboratory Test Results Page -41
Table -12 Assessment of Liquefaction potential at different depths Page -42
Fig.- 14-16 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-43-45
Fig.- 17 Variation of SPT values ‘N’ with ‘Depth’ Page-46
Details of Bore hole ‘BH-5’
Table - 13 Bore Log Page -47
Table — 14 Summary of Laboratory Test Results Page -48
Table -15 Assessment of Liquefaction potential at different depths Page -49
Fig.- 18-20 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-50-52
Fig.- 21 Variation of SPT values ‘N’ with ‘Depth’ Page-53
Details of Bore hole ‘BH-6’
Table — 16 Bore Log Page -54
Table — 17 Summary of Laboratory Test Results Page -55
Table -18 Assessment of Liquefaction potential at different depths Page -56
Fig.- 22-24 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-57-59
Fig.- 25 Variation of SPT values ‘N’ with ‘Depth’ Page-60
Details of Bore hole ‘BH-7’
Table - 19 Bore Log Page -61
Table — 20 Summary of Laboratory Test Results Page -62
Table -21 Assessment of Liquefaction potential at different depths Page -63
Fig.- 26 Grain Size Analysis: ‘Particle Size Distribution Curve’ Page-64
Fig.- 27 Variation of SPT values ‘N’ with ‘Depth’ Page-65

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




% EXPLORE (Prjoct Ret 13022215

Details of DCPT

Table -22-23 Bore Log of DCPT -1 to DCPT-2 Page -66-67
Annexure Title Page No.

A Bearing Capacity Calculations Page -68-70

B Pile Capacity Calculations Page -71-72

C List of referred IS Codes Page -73-74

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




EXPLORE

(Project Ref.-13022215)

BRIEF SUMMARY AND RECOMMENDATIONS

-| DESCRIPTION

RESULTS

Name of Project

New Building of BHEL

Location

BHEL Complex, Plot No.-25,Sector-16-A, Noida (U.P.)

No. of Boreholes & Depth

3 nos. of 40m depth, 2 nos. of 30m depth, 1 no. of 20m depth and 2
DCPT up to 10m depth below EGL or refusal

Seismic Zone

Zone IV

galal w M~ P

Findings of the investigation:

5.1 - Sub soil Strata

Layer No. Depth below EGL (m) Strata Description
Layer -1 0.00-1.00 Sandy Silt (ML-CL)
Layer - 2 2.00-4.00 Silty Sand (SM)
Layer - 3 4.00-28.00 Fine Sand with Gravel (SP)
Layer -4 28.00-35.00 Sandy Silt with Gravel (ML-CL)
Layer-5 35.00-40.00 Silty Sand with Gravel (SM)
5.2 — SPT values at different depth
Depth BH-1 BH-2 BH-3 BH-4 BH-5 BH-6 BH-7

BelowEGL N | N, | No | Ne | Ne | Ne | Ne | Ne | Ne | Ne | Ne | Ne | Ne | N
15m [ 10 | 15 | 11 | 16| 6 | 9 | 8 |12 |11 |16 |9 |[13] 6 |9
300m | 9 | 11| 9 [ 11| 8 |10]| 7 |9 |8 |10/ 8 |10]14]17
450m | 11 | 12 | 11 | 12 | 13 | 14 | 16 [ 17 [ 10 | 11| 13| 14| 21| 23
600m | 37 | 37 | 13 | 13 | 17 | 17 | 30 [ 30 | 17 | 17 | 22 | 2 | 2 | 2
750m | 39 | 36 | 24 | 2 | 20 | 18 | 41 [ 38 | 21 | 19 | 22 | 20 | 25 | 23
9.00m | 59 | 50 | 29 | 25 | 18 | 15 | 27 | 23 | 26 | 22 | 27 | 23 | 28 | 23
1050m | 31 | 25 | 27 | 22 | 18 | 14 [ 39 | 31 | 30 | 24 | 28 | 23 | - | -
1200m | 34 | 26 | 33 | 25 | 63 | 48 | 63 | 48 | 36 | 27 | 33 | 25 | - | -
1350m | 28 | 20 | 23 | 17 | 19 | 14 | 36 | 26 | 17 | 12 | 65 | 47 | - | -
1500m | 37 | 20 | 20 | 14 | 27 | 17 | 42 | 2 |40 | 2 | 20 | 15| - | -
1800m | 48 | 24 | 34 | 19 | 42 | 22 | 46 | 23 | 38 | 20 | 30 | 18 | - | -
2.00m | 47 | 23 | 43 | 21 | 50 | 24 | 57 | 26 | 52 | 24 | 58 | 27 | - | -
2400m | 49 | 23 | 48 | 23 | 45 | 2 | 56 | 25 [ 48 | 23 | - | - | - | -
2700m | 59 | 25 | 20 | 16 | 50 | 23 | 27 | 16 |56 | 24 | - | - | - | -
3000m | 52 | 23 | 47 | 21 | 48 | 21 |36 | 18 | 57 | 24 | - | - | - | -

33.00m | 29 | 16 - - 72 | 28 - - 60 | 24 - -
36.00m | 66 | 25 54 | 22 - - 70 | 27 - -
40.00m | 78 | 28 - - 63 | 24 - 85 | 30 -
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5.3 - Water Table: Water table was found at 15m depth below EGL.

5.4 - Liquefaction Potential: After carrying out assessment of liquefaction potential of subsoil
strata by simplified approach proposed by Seed & Idriss (1983 — 1985) from the SPT data and
peak ground acceleration likely to occur at the site during earthquake, it is found that the soil
strata up to the explored depth i.e., 40.0 m below ground level is not susceptible to

liquefaction.
6. 6.1 Design soil Parameters:
c ey < Weighted average Parameters adopted
S5 .20 b4 » o * :
°Ssum S c o E= R value of N for analysis
£S5 F SE |8 F F
533 3 3 S | shear |Settiement| N | C UM ¢
2.0m 12 12 12 0 30°
; 2.5m 12 13 13 0 30°
1som | S|y 7
(SM) 30m | 12 13 13 0 30°
25.0m 19 20 15 0 30°
Fine Sand 25.0m 22 22 22 0 3
14.50m with Gravel 1.78 30.0m 22 22 22 0 31°
(SP) 35.0m 22 22 22 0 31°
Fine Sand 25.0m 22 22 22 0 3
15.00 m with Gravel 1.79 30.0m 22 22 22 0 31°
(SP) 35.0m 22 22 22 0 31°
Fine Sand 25.0m 23 23 23 0 3
15.50 m with Gravel 1.80 30.0m 23 23 23 0 31°
P
(SP) 35.0m 23 23 23 0 31°
Fine Sand 25.0m 23 23 23 0 3
16.00 m with Gravel 1.82 30.0m 23 23 23 0 31°
(SP) 35.0m 23 23 23 0 31°

* For shear criteria the weighted average value of SPT has been taken up to a depth equal to
least dimension of the foundation below the depth of foundation, while for settlement criteria the
influence zone has been taken as twice the least dimension of the foundation below the depth of
foundation. In case of influence zone below the depth of investigation it has been suitably
assumed that the strata are similar as observed in deeper boreholes.

6.2 Allowable total settlement taken for safe bearing pressure :
For Isolated footing: 50 mm, For raft footing: 75mm

Page-ll
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Recommendations:

7.1 Type of Foundation : Isolated / Raft Foundation

Depth of Foundation Thickness of Type of Size of q allowable | Modulus of Subgrade
below EGL Foundation Foundation | Foundation | (t/m?) | Reaction (k) in KN/m?
Isolated 2.0m 10.50 -
Stri R
150m p 2.5m 11.00

( Buildings without 1.50m lsolated | 25mX2.5m | 1175 .

basement Floor) Square 3.0m X3.0m 12.00 i
Raft 25.0mX25.0m| 20.75 2,760
1450 m 25.0mX25.0m| 47.00 6,260
(Buildings with three 1.50m Raft 30.0mX30.0m| 45.25 6,030
basement Floors) 35.0mX35.0m | 44.75 5,960
15.00 m 25.0mX25.0m| 47.50 6,330
(Buildings with three 1.50m Raft 30.0mX30.0m| 45.75 6,100
basement Floors) 35.0mX35.0m | 45.25 6,030
1550 m 25.0mX25.0m| 51.50 6,860
(Buildings with three 1.50m Raft 30.0mX30.0m| 51.25 6,830
basement Floors) 35.0mX35.0m | 50.75 6,760
16.00 m 25.0mX25.0m| 52.00 6,930
(Buildings with three 1.50m Raft 30.0mX30.0m| 51.75 6,900
basement Floors) 35.0mX35.0m | 51.25 6,830

7.2 Type of Foundation : Cast in situ bored piles with M30 Grade of concrete

Length of Pile |Safe Axial Load Carrying| ~ Safe Lateral Load Minimum Pile length
Dia. of Pile | Below Cut-off Capacity (t) Carrying Capacity (t) (47)
Level Compression | Uplift | Free Head [Fixed Head| Free Head [Fixed Head
10.0m 55 15 45 11.5 8.14m 8.14m
15.0 m* 85 30 45 11.5 8.14m 8.14m
600 mm
20.0 m* 120 45 45 11.5 8.14m 8.14m
250m 155 65 45 11.5 8.14m 8.14m
10.0m 75 20 6.0 17.0 9.73m 9.73m
15.0 m* 135 45 6.0 17.0 9.73m 9.73m
750 mm
20.0 m* 190 70 6.0 17.0 9.73m 9.73m
25.0m 240 95 6.0 17.0 9.73m 9.73m

The cut off level is 15.0m below EGL.

The load capacities of piles are based on Static formulae using IS code. It is recommended to confirm the theoretical
pile capacity by conducting initial pile load tests as per IS: 2911 (Part IV) on test piles before installing the working
piles.

*For 0.6 m and 0.75 m pile diameter of piles, the pile length of 15 m and 20 m are actually terminated in sandy silt /
clay layer which has some plasticity / compressibility. Hence settlement of piles/pile groups has to be calculated and
checked for the permissible limits at working loads.

Page-lll
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1.0 INTRODUCTION

1.1

1.2

1.3

Project Description

Bharat Heavy Electrical Limited (BHEL) is planning to construct its new
building in BHEL complex at Plot no.-25, Sector-16-A, Noida (U.P.).

Architectural Consultancy of the project is being carried out by M/s Space
Combine, New Delhi.

The Consultant of the project has approached us for carrying out geo-
technical investigations and recommendations about the design of suitable
foundation for the construction of this project.

We have carried out the investigations and testing accordingly and our final
report for this project is submitted below:

Object of Investigations

To establish the parameters for the foundation design of the structure,
various properties and parameters regarding the subsoil at site are required.
These parameters are achieved through geo-technical investigations viz. soil
profile, engineering properties & physical characteristics of the soil strata,
variation in strength of soil strata etc. and can be elaborated as below:

e Sub-surface conditions which will reflect the thickness of the different soil
strata

e Depth of ground water table

e Safe bearing capacity of the soil which will need the determination of
various engineering properties of the soil strata at different levels

e Depth of the foundations

e Suitable type of foundations

e Requirement of any treatment needed to enhance the engineering
properties of the soil beneath the footing

Scope of Investigations

For achieving the aforesaid objectives, the scope of work, as finalized by the
consultant includes:

1. Making 3 nos. bore holes up to a depth of 40m, 2 nos. bore holes up to a
depth of 30m, 1 no. bore holes up to a depth of 20m and 1 no. bore holes
up to a depth of 10m below existing ground surface in subsoil or refusal
whichever is encountered earlier on the site at locations specified by the
consultant.

Page-1
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1.4

2. Conducting Standard Penetration Tests (S. P. T.) at 1.5 m depth interval.
3. Extracting disturbed & undisturbed soil sample at different depth interval.
4. Observing ground water table after a stabilization period of 24 hours.
5

. Conducting dynamic cone penetration test at 2 nos. locations up to a
depth of 10m or refusal as per IS code.

6. Conducting laboratory tests on disturbed and undisturbed soil samples
collected during the subsurface exploration.

7. Compiling and submitting report in three copies, containing field and
laboratory tests results and suggestion & recommendations regarding
type & depth of foundations and allowable load bearing capacity of soil
and other desired parameters at various depths.

Organization of Report

This report has been primarily designed to explain the whole study in a
systematic way, keeping in view the various demands of designers as well as
the client. Each investigation is backed by its theoretical base and the results
obtained either during the field tests or in laboratory are presented herein this
report in self-explanatory tabular and/or graphical form. Calculations are
shown wherever necessary before incorporating any parameter in the
recommendations.

The chapter ‘Introduction’ describes the details of the project and various
contents of this study. ‘Site Reconnaissance’ provides the general
information regarding the site conditions, weather of the region, topography
and the geology of the area. Details of various field and laboratory tests are
given in the following two chapters. Findings obtained during these tests are
summarized in the next chapter. ‘Foundation Analysis’ is an important
chapter dealing with all design calculations required for the foundation
selection and design. Recommendations are finalized in the concluding
chapter.

Various table, figures and graphs are given in the annexure in quite an
explanatory mode.

A list of Indian Standard (IS) Codes, which are referred throughout the study,
is also attached at the end of this report.

Page -2
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2.0 SITE RECONNAISSANCE

21

2.2

2.3

General Geology of the Area

The present site is located at Sector-16-A, Noida. The upper strata of this
area comprise the alluvium, made up predominantly of fine sand, silty sand
and sandy silt with gravel. These alluviums are underlain by harder
formations of the system of rocks.

General Weather

The available data about the weather and average rainfall and location of the
site indicate that there may not be variation in the ground water to affect the
proposed structure and its foundation system.

Site Description

The proposed building is to be constructed in the existing campus of BHEL.
The building will have structures with three basement floors having founding
level at 14.5m to 16.0m depth below EGL.

Hence In this report, foundation proposal has been made at founding level of

14.5m to 16.0m depth below EGL. However for other structures, foundation
proposal has also been given at 1.50m depth below EGL.
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3.0 FIELD INVESTIGATION

3.1

3.2

3.3

3.4

Introduction

For achieving various soil parameters, Field Investigations are carried out at
site. Field Investigation comprises site reconnaissance, detailed exploration
including extensive boring program and conducting specified field tests viz.
Standard Penetration Test and dynamic cone penetration test.

Subsurface Exploration

Subsurface Exploration was carried out during 26t February to 19 March
2013 by using suitable boring rig. Boreholes with following designation were
made on the site:

Activity Depth of exploration Date of start Date of completion
BH-1 40m 14-03-2013 17-03-2013
BH-2 30m 10-03-2013 13-03-2013
BH-3 40m 07-03-2013 10-03-2013
BH-4 30m 04-03-2013 06-03-2013
BH-5 40m 28-02-2013 04-03-2013
BH-6 20m 26-02-2013 27-02-2013
BH-7 10m 19-03-2013 19-03-2013

DCPT-1 10m 18-03-2013 18-03-2013

DCPT-2 10m 18-03-2013 18-03-2013

The depth of bore- holes was taken below the existing ground surface of the
plot. Disturbed and undisturbed samples were collected from bore- holes at
various depths.

Standard Penetration Test

Standard Penetration Test conducted by means of the split spoon sampler
furnishes data about resistance of the soils to penetration, which can be used
to evaluate standard strength data, such as N values (number of blows per
30 cm of penetration using standard split spoon) of the soil.

Standard Penetration Tests were conducted in the boreholes at 1.5 m interval
as per the provisions of IS 2131:1981. The tests were conducted by means of
the split spoon sampler conforming to IS 9640:1980. If N values exceed 50
for 15cm penetration at any depth, it is taken as refusal depth and the bore-
hole shall be terminated.

Dynamic Cone Penetration Test

Dynamic Cone Penetration Test is a test conducted for obtaining a general
qualitative idea of the strata. Dynamic Cone Penetration Test were conducted
at the specified locations on the site by using 50mm cone attached loosely to
the driving A-rod through a cone adopter in accordance with IS: 4968(Part-I)-
1976.
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The number of blows (Ncs) as a continuous record for every 300mm of
penetration was taken in the field and is presented in the appendices here.
Depth of DCP’s were terminated at refusal depth as defined in IS: 4968 (Part-
)-1976, i.e. Number of blows for 100mm penetration exceeds 35.

3.5 Ground Water Conditions

Water Table at this site was found at 15m depth below the existing ground
surface.
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4.0 LABORATORY INVESTIGATIONS

4.1

4.2

4.3

4.4

4.5

4.6

The laboratory tests to determine the physical properties, the engineering
properties and the engineering characteristics of the soil were conducted in
accordance with IS 2720. The tests performed are as follows.

Bulk Density and Natural Moisture Content

Undisturbed samples were collected from the boreholes in thin wall steel
sample tubes by taking the dimensions and weight of these sample tubes,
the bulk density of the soil is determined. Moisture content of the soil has
been calculated by Oven Drying Method.

Grain Size Analysis

Grain size distribution of the soil is determined by sieving the soil sample in a
set of IS sieves: 4.75 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm, 0.075
mm size. Grain Size Analysis curve has been plotted and attached in the
appendices of this report for the soil samples collected from various depths of
bore-holes.

Atterberg’s Limits

Atterberg’s Limits in the form of liquid limit, plastic limit and shrinkage limit are
determined for the soil to establish its consistency. In the case of
cohesionless soil, plastic limit is first determined and if it cannot be
determined the soil sample is reported to be non-plastic.

Specific Gravity
Specific Gravity of the soil has been determined by Specific Gravity Bottle.
Direct Shear Test

Direct Shear Test is a strength test, which is performed on the soil sample to
determine the value of angle of internal friction.

The direct shear test is generally conducted on cohesionless soil as
consolidated drained (CD) test. In the present case the soil samples were
prepared for various depths and were tested in the Direct Shear Apparatus
under CD- condition.

Triaxial Shear Test

Triaxial Shear Test is a strength test, which is performed on the soil sample
to determine the value of cohesion and angle of internal friction. Test
samples are prepared from undisturbed samples and are tested in the
Triaxial Apparatus.

Summary of Laboratory Tests results for all boreholes is shown in tabular
form and the same is presented in the appendices of this report.
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5.0

FINDINGS OF INVESTIGATIONS

Based on various field and laboratory tests, following findings are observed:

1. The general grain size distribution pattern in the bore-holes has been observed

as following:
Shear Parameters
BH No. Subsoil Layers Soil Type Cohesion ¢| Angle of
int/m? | Friction ¢
Layer—1(0.0m to 1.0m) Sandy Silt (ML-CL) -
Layer -2 (1.0m to 4.0m) Silty Sand (SM) 0.00 30-31
Layer—3 (4.0mto 10.0m) | Fine Sand with Gravel (SP) 0.00 30-34

BH-1 | Layer-4 (10.0mto 13.0m) [Sandy Silt with Gravel (ML-CL)| 0.25 30
Layer-5(13.0mto 31.0m) | Fine Sand with Gravel (SP) 0.00 32-34
Layer - 6 (31.0m to 38.0m) |Sandy Silt with Gravel (ML-CL)| 0.27-0.30 30
Layer — 7 (38.0m to 40.0m) | Silty Sand with Gravel (SM) 0.00 34

Layer—1(0.0m to 1.0m) Sandy Silt (ML-CL) -

B2 Layer -2 (1.0m to 5.0m) Silty Sand (SM) 0.00 30-32
Layer—3 (5.0mto 28.0m) | Fine Sand with Gravel (SP) 0.00 31-34
Layer—4 (28.0m to 30.0m) | Silty Sand with Gravel (SM) 0.00 32-33

Layer -1 (0.0m to 1.0m) Sandy Silt (ML-CL) -
Layer -2 (1.0m to 4.0m) Silty Sand (SM) 0.00 30

BH-3 Layer—3 (4.0mto 28.0m) | Fine Sand with Gravel (SP) 0.00 30-34
Layer —4 (28.0m to 32.0m) [Sandy Silt with Gravel (ML-CL)| 0.28-0.30 30
Layer -5 (32.0m to 34.0m) | Fine Sand with Gravel (SP) 0.00 34
Layer — 6 (34.0m to 40.0m) [Sandy Silt with Gravel (ML-CL) | 0.30-0.31 30

Layer -1 (0.0m to 4.0m) Silty Sand (SM) 0.00 30
BH-4 | Layer—2(4.0mto26.0m) | Fine Sand with Gravel (SP) 0.00 30-34
Layer — 3 (26.0m to 30.0m) [Sandy Silt with Gravel (ML-CL)|  0.21 30
Layer—1(0.0m to 1.0m) Sandy Silt (ML-CL) -
Layer -2 (1.0m to 4.0m) Silty Sand (SM) 0.00 30-32
Layer — 3 (4.0m to 28.0m) Fine Sand (SP) 0.00 30-34

BH-5 | Layer—4 (28.0m to 33.0m) Silty Sand (SM) 0.00 34
Layer — 5 (33.0m to 36.0m) Sandy Silt (ML-CL) 0.25 30
Layer — 6 (36.0m to 38.0m) Silty Sand (SM) 0.00 34
Layer — 7 (38.0m to 40.0m) Sandy Silt (ML-CL)
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Layer—1 (0.0mto 1.0m) Sandy Silt (ML-CL) - -
BH-6 | Layer—2(1.0mto4.0m) Silty Sand (SM) 0.00 30-31

Layer—3(4.0mt0 20.0m) | Fine Sand with Gravel (SP) 0.00 30-34
BH.7 Layer —1 (0.0m to 3.0m) Silty Sand (SM) 0.00 30

Layer—2(3.0mto 10.0m) | Fine Sand with Gravel (SP) 0.00 31-34

The grain size distribution pattern reveals that the subsurface strata comprises of
layers of silty sand, fine sand and sandy silt with Gravel.

2. Standard Penetration Test (SPT) results show the following pattern in bore-holes
in different depth range:

Depth BH-1 BH-2 BH-3 BH-4 BH-5 BH-6 BH-7
BelowEGLl N, | No | N | Ne | Nr | Ne | No | Ne | No | Ne | Ne | Ne | N | Ne

150m | 10| 151116 6 | 9| 8 |12 1M[16]9 | 13[6]09
300m | o | 1M | 9 |11 | 8 10| 7 | 9|8 |10] 8 |10]14]1
450m | 41 | 12 [ 11 |12 [ 13| 1416|1710 1M [13]14]2]23
600m | 37 | 37 | 13 | 13 | 17 | 17 | 30 |30 | 17 | 17 | 22 | 22 | 22 | 2
750m | 39 | 36 | 24 | 22 | 20 | 18 | 41 [ 38 | 21 | 19 | 2 | 20 | 25 | 23
900m | 50 | 50 | 20 | 25 | 18 | 15 | 27 | 23 | 26 | 22 | 27 | 23 | 28 | 23
10.50m | 31 | 25 | 27 | 22 | 18 | 14 | 39 | 31 | 30 | 24 | 28 | 23
1200m | 34 | 26 | 33 | 25 | 63 | 48 | 63 | 48 | 36 | 27 | 33 | 25
13.50m | 28 | 20 | 23 | 17 | 19 | 14 | 36 | 26 | 17 | 12 | 65 | 47
1500m | 37 | 21 | 20 | 14 | 27 | 17 | 42 | 22 | 40 | 22 | 21 | 15
18.00m | 48 | 24 | 34 | 19 | 42 | 22 | 46 | 23 | 38 | 20 | 30 | 18
21.00m | 47 | 23 | 43 | 21 | 50 | 24 | 57 | 26 | 52 | 24 | 58 | 27
2400m | 49 | 23 | 48 | 23 | 45 | 22 | 56 | 25 | 48 | 23
27.00m | 59 | 25 | 29 | 16 | 50 | 23 | 27 | 16 | 56 | 24
30.00m | 52 | 23 | 47 | 21 | 48 | 21 [ 36 | 18 | 57 | 24

33.00m | 29 | 16 | - - 72|28 - - | 60 | 24
36.00m | g5 | 25 | - - |54 | 2| - - 70 | 27
40.00m | 78 | 28 | - - | 63| 24| - - | 85 | 30

Nc, Corrected value of recorded Nr is obtained after applying correction of overburden and dilatancy.

SPT results indicate that the nature of subsoil is medium dense to dense
throughout the explored depth.

3. Water table was found at 15m depth below EGL.
4. The soil throughout the explored strata is non plastic to low plastic in nature.
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5. The variation of bulk density, natural moisture content and dry density for various
depth ranges is found to follow the following pattern:

BH No. | Bulk Density gm/cc | Natural Moisture Content (%) | Dry Density gm/cc
BH-1 1.72-1.84 9.29-12.19 1.57-1.84
BH-2 1.71-1.82 9.85-12.06 1.56-1.63
BH-3 1.71-1.84 9.22-12.33 1.57-1.64
BH-4 1.72-1.82 10.04-12.07 1.56-1.62
BH-5 1.70-1.81 9.36-12.91 1.55-1.60
BH-6 1.72-1.81 9.95-11.88 1.56-1.62
BH-7 1.70-1.79 8.89-11.05 1.56-1.61

6. Results obtained from the Dynamic Cone Penetration Test conducted at two
locations in the field, confirm the type of strata, as finalized on the basis of
Standard Penetration Test.

Inference of Findings:

From the above findings it can be inferred that the subsoil strata at 1.50m depth is
Silty Sand (SM) and at 14.50m to 16.00m depth below EGL, it is Fine Sand with
Gravel (SP). Correction factor for overburden and dilatancy has been applied to field
SPT values, for the entire explored depth. Corrected SPT value has been used for
the calculation of safe bearing pressure values from the settlement criterion as per
IS: 8009, Part-l. Following general design soil parameters at founding level have
been taken for the analysis purpose:

Depth of . . Weighted average Parameters adopted
Foundation | Soil Type BUIkt?n(:?s'ty Fougiciaetlon value of N* for analysis
below EGL Shear | Settlement| N C tim2 ¢

2.0m 12 12 12 0 30°
; 2.5m 12 13 13 0 30°
150 m Silty Sand 172
(SM) 3.0m 12 13 13 0 30°
25.0m 19 20 15 0 30°
Fine Sand 25.0m 22 22 22 0 31°
1450 m with Gravel 1.78 30.0m 22 22 22 0 31°
(SP) 35.0m 2 2 2 | o | 3t
Fine Sand 25.0m 22 22 22 0 31°
15.00 m with Gravel 1.79 30.0m 22 22 22 0 31°
(SP) 35.0m 22 22 22 0 | 31
Fine Sand 25.0m 23 23 23 0 31°
15.50 m with Gravel 1.80 30.0m 23 23 23 0 31°
(SP) 35.0m 23 23 23 | 0 | 3t
Fine Sand 25.0m 23 23 23 0 31°
16.00 m with Gravel 1.82 30.0m 23 23 23 0 31°
(SP) 35.0m 23 23 23 0 | 31
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6.0 FOUNDATION ANALYSIS

6.1

6.2

6.3

6.4

Foundation Type

A Foundation is required for distributing the loads of the superstructure on a
larger ground area. The dead and live load of the proposed structure are to
be transferred to the underlying supporting soil through suitable foundation.

Foundation may be broadly classified into two categories: (i) Shallow
Foundation and (ii) Deep Foundation.

Shallow Foundation

Shallow foundation transmits the loads to the strata at shallow depth. A
shallow foundation is one the width of which is greater than its depth. Shallow
Foundations are located just below the lowest part of the wall or a column,
which they support.

Deep Foundation

When the soil at or near the ground surface is not capable of supporting a
structure, deep foundations are required to transfer the loads to deeper
strata. Deep foundations are, therefore, used when surface soil is unsuitable
for shallow foundation, and a firm stratum is so deep that it cannot be
reached economically by shallow foundations. The most common types of
deep foundations are piles, wells and caissons.

Assessment of Liquefaction

Liquefaction is the sudden loss of shear strength of the loose fine-grained
sands due to earthquake-induced vibration under saturated conditions.
Liquefaction generally takes place in loose fine-grained sands (fines < 10 %,
Deo, 0.20 mm to 1.0 mm and Cy between 2 to 5) with N value less than 15. In
case of soil strata having N>15, liquefaction of soil will not take place
normally.

The present site falls in seismic zone - IV. Considering the history of past
earthquakes and available seismic data, an earthquake of magnitude 6.5
having peak ground acceleration amax = 0.18 g is considered in the present
analysis.

Preliminary assessment of liquefaction potential of foundation strata is made
by simplified approach proposed by Seed & Idriss (1983 — 1985) from the SPT
data and peak ground acceleration likely to occur at the site for a horizontal
ground surface.
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In this method, cyclic shear stress likely to be induced in the foundation strata
by Design Basis Earthquake (DBE) is first evaluated. Next threshold cyclic
shear stress, which is good enough to cause liquefaction, is determined from
SPT data and the empirical relations. Finally, comparison of these two
stresses is used in the estimation of liquefaction susceptibility of the
foundation strata.

Cyclic Stress Ratio (CSR)

The equivalent average of shear stress tav likely to be induced in the
foundation material due to an earthquake is calculated by using the equation

Tav = 0.65*y*h™ (amax/ Q)" ra

Tav = equivalent average of shear stress to be induced by DBE
Y Unit weight of foundation material

h depth at which cyclic shear stress is calculated

Amax maximum surface acceleration

Stress reduction factor

1.0-0.00765*h ifh<9.15m

1174 -0.0267 *h ifh=9.15mto23m
0.744-0.008*h ifh=23.0mt030.0m
0.50 ifh>30.0m

If the equivalent average of shear stress tav is normalized with the initial
effective overburden pressure (oo), the term is called seismic demand of soil
layer or cyclic stress ratio (CSR).

CSR = 0.65* (Go | 6o )* (amax / g )* I

Cyclic Resistance Ratio (CRR)

It expresses capacity of soil to resist liquefaction. CRR is determined using
correlation between corrected blow count (N1)so and CRR for earthquake of
magnitude 6.5. (N1)eo is the SPT blow count corrected to an effective
overburden pressure of 100 kPa and to hammer energy efficiency of 60 %.

ld

The corrected blow count (N1)so is determined as follows.
(N1)eo = Nm Cn Ce Cs CrCs

Where, Nm Uncorrected SPT blow count
Ce Correction factor for hammer energy ratio = 1.00
Cs=Correction factor for borehole dia = 1.05 and 1.15 for 150 mm and
200mm dia borehole
Cr = Correction factor for rod length  =0.75 for 3.0m t0o 4.0 m
=0.85for4.0 mto 6.0 m
=0.95for6.0mt0 10.0 m

=1.0 for 10.0 mt0 30.0 m
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Cs = Correction factor for standard sampler =1.0
Correction factor for effective overburden pressure (Cn ) is given by the
following relation.
Cn  =Sqrt(Pa/o0) Where Pa.= Atmospheric pressure

The value of SPT blow count for soil with fines content (FC) can be adjusted
to the equivalent clean sand value of (N1)eocs as follows:

(N1)eocs = o + B (N1)eo

where o and 3 can be determined as follows.
o =00and B=1.0 for FC <=5.0 %

o = ey [(1.76 - (190/FC2)] for 5.0 % < FC < 35.0 %
B =[0.99+ (FC'5/1000)]

o =9.0 and =120 for FC>=35.0 %

CRRum=75 s given by the following equation.

CRRw=75 =[1/ (34-(N1)socs)] + [(N1)eocs/135]+[ 50/{10*(N+)socs + 45}%]-[1/200]
Hence the CRR for a particular earthquake magnitude is determined as

CRR = CRR m=75* MSF * K,

The MSF value is 1.50 for earthquake of magnitude 6.5. K is taken as 1.

The factor of safety against liquefaction, FS, is given as
FSL = CRR/CSR

The value of CSR and CRR are computed at different depth and depth susceptible
to liquefaction is determined.

Liquefaction is probable when FS_ is less than 1.0.

It is found from the computations that the soil strata up to the explored depth i.e.,
40.0 m below existing ground level are not susceptible to liquefaction. Computation
at different depth for each borehole is given in details of Bore Hole.

6.5

Selection of Foundation

Selection of suitable type of foundation for the proposed structure depends
upon the (i) intensity & type of loading to be transferred from the
superstructure and (i) the properties & behavior of sub soil.

In the present case, the proposed building is likely to transfer moderate load
on the subsoil. The bearing capacity of the natural subsoil herein at required
depth is adequate enough to bear the expected moderate load of the
proposed structures. Hence shallow foundation can be considered as the

right solution for this project.
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6.6

Determination of Bearing Capacity for the Shallow Foundations

Bearing capacity of soil for foundation has been calculated in accordance
with 1S: 6403 -1981. Here Allowable bearing pressure has been evaluated
by: (a) Shear Failure criterion and (b) Settlement criterion

(a) Shear Failure criterion

1

Ga= ——[CNcScdcicty Dr (Ng—1)Sq dg iq + 0.5 yBN,SydyiyW']

F
Here (a
F
c
Y
W
Ds
B
Ne, Ng, Ny
S¢,Sq, Sy
dc,dg, dy

ic,1q , iy

= Allowable Bearing Capacity

= Factor of safety, taken equal to 3.0 as per IS: 1904

= Unit weight of soil

Cohesion

= Water table correction factor

Depth of foundation
Width of foundation
= Bearing Capacity factors

Shape Factors

Depth Factor

Inclination Factor

For various values of Df & B, calculations are done and the values for net
safe bearing capacity have been obtained.

Depth of Foundation | Thickness of Type of Size of q net safe

Below EGL Foundation | Foundation | Foundation (t/m2)
Isolated 2.0m 10.48
1.50 m Strip 2.5m 10.93
(Buildings without 1.50m Isolated 2.5m X 2.5m 11.74
basement Floor) Square 3.0m X 3.0m 12.10
Raft 25.0m X25.0m | 33.50
14.50 m 25.0m X25.0m |  50.96
(Buildings with three 1.50m Raft 30.0m X 30.0m 58.72
basement Floors) 35.0m X 35.0m | 66.49
15.00 m 25.0m X 25.0m | 51.25
(Buildings with three 1.50m Raft 30.0m X30.0m | 59.05
basement 5loors) 35.0m X 35.0m | 66.87
15.50 m 25.0m X 25.0m | 51.53
(Buildings with three 1.50m Raft 30.0m X 30.0m | 59.38
basement 6loors) 35.0m X 35.0m 67.24
16.00 m 25.0m X 25.0m | 52.10
(Buildings with three 1.50m Raft 30.0m X 30.0m | 60.04
basement Floors) 35.0m X 35.0m | 67.99
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(b) Settlement criterion taking SPT values.

As per IS: 8009-1976 Part-I- Clause-9.1.4, the settlement for different width
has been computed. For the allowable total settlement of 50mm for isolated
footing and 75mm for Raft foundation (as per IS: 1904), the safe bearing
pressure is found as following:

Depth of Foundation| Thickness of Type of Size of Safe Bearing

Below EGL Foundation Foundation | Foundation |Pressure (t/m?)
Isolated 2.0m 12.82
150 m Strip 2.5m 12.82
(Buildings without 1.50m Isolated 2.5m X 2.5m 14.48
basement Floor) Square 3.0m X 3.0m 13.13
Raft 25.0mX25.0m 20.80
1450 m 25.0mX25.0m 47.06
(Buildings with three 1.50m Raft 30.0mX30.0m 4542
basement Floors) 35.0mX35.0m 44,90
15.00 m 25.0mX25.0m 47.64
(Buildings with three 1.50m Raft 30.0mX30.0m 45.96
basement Floors) 35.0mX35.0m 4542
15.50 m 25.0mX25.0m 52.61
(Buildings with three 1.50m Raft 30.0mX30.0m 51.34
basement Floors) 35.0mX35.0m 90.73
16.00 m 25.0mX25.0m 53.27
(Buildings with three 1.50m Raft 30.0mX30.0m 51.97
basement Floors) 35.0mX35.0m 51.34

Hence the values of allowable bearing capacity as chosen the minimum
value (rounded off) from above two criterions are as following:

Depth of Foundation Thickness of Type of Size of q allowable
Below EGL Foundation Foundation | Foundation (t/m2)
Isolated 2.0m 10.50
1.50m Strip 2.5m 11.00
(Buildings without 1.50m Isolated 2.5m X 2.5m 11.75
basement Floor) Square 3.0m X 3.0m 12.00
Raft 25.0m X 20.75
14.50 m 25.0mX25.0m 47.00
(Buildings with three 1.50m Raft 30.0mX30.0m 4525
basement Floors) 35.0mX35.0m 4475
15.00 m 25.0mx25.0m 47.50
(Buildings with three 1.50m Raft 30.0mX30.0m 4575
basement Floors) 35.0mX35.0m 45.25
1550 m 25.0mX25.0m 51.50
(Buildings with three 1.50m Raft 30.0mX30.0m 51.25
basement Floors) 35.0mX35.0m 50.75
16.00 m 25.0mX25.0m 52.00
(Buildings with three 1.50m Raft 30.0mX30.0m 91.75
basement Floors) 35.0mX35.0m 51.25
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6.7

6.8

Modulus of Subgrade Reaction

Modulus of Subgrade Reaction (k) is required for the design of Raft
foundation. In the field the method for the determination of its value is
conducting ‘Plate Load Test' on a 30cm or 60cm plate. Values obtained from
this test are corrected for the actual foundation size, which becomes
unrealistic when the foundation size is too large.

As per IS : 2950 (Part 1) — 1981-clause B-4, the average modulus of
subgrade reaction can be calculated as average contact pressure per unit
settlement of the raft for the design of rigid raft.

Pile Capacity

Determination of safe Axial load carrying capacity (Both in compression and
uplift) and lateral load carrying capacity of cast in situ bored pile has been
made and the Values obtained are as following.

Length of Pile Safe Axial Load Safe Lateral Load | Minimum Pile Length

Pﬁ:mﬁ;) Below Cut-off |Carrying (}apacity.(t) Carrying Ca;?acity (t) (4T).

Level compression| Uplift | Free Head [Fixed Head|Free Head [Fixed Head
10.0m 55 15 45 11.5 8.14m 8.14m

600 15.0m 85 30 45 11.5 8.14m 8.14m
200m 120 45 45 11.5 8.14m 8.14m
250m 155 65 45 11.5 8.14m 8.14m
10.0m 75 20 6.0 17.0 9.73m 9.73m

750 15.0m 135 45 6.0 17.0 9.73m 9.73m
200m 190 70 6.0 17.0 9.73m 9.73m
250m 240 95 6.0 17.0 9.73m 9.73m

A cut-off length of 15.0m has been taken below EGL. For 0.6 m and 0.75 m
pile diameter piles, the pile length of 15m and 20m are actually terminated in
sandy silt / clay layer which has some plasticity / compressibility. Hence
settlement has to be calculated and checked for the limits at working loads.

The load capacities of piles are based on Static formulae using IS code. It is
recommended to confirm the theoretical pile capacity by conducting initial pile
load tests as per IS: 2911 (Part IV) on test piles before installing the working
piles.
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7.0 RECOMMENDATIONS

In view of the these findings & results obtained during the field and laboratory
investigations and the analysis carried out thereafter, following general recommendations
are being made for the foundation design of the proposed new building at BHEL complex,
Plot No.-25, Sector-16-A, Noida (U.P.).

1.

The type of foundation depends upon the configuration of loading & loading
intensity as well as characteristics & behavior of subsoil. Considering the type
of loading and based on various findings of the subsoil, in the present case,
the type of foundation can be adopted as Isolated or Raft Foundation.

Allowable Bearing Capacity shall be adopted corresponding to various
parameters as following:

Depth of Foundation | Thickness of| Type of Size of q allowable| Modulus of Subgrade
Below EGL Foundation | Foundation | Foundation (t/m?) | Reaction (k) in KN/m?
Isolated 2.0m 10.50
1.50m Strip 2.5m 11.00
( Buildings without 1.50m Isolated 2.5m X 2.5m 11.75
basement Floor) Square 3.0m X 3.0m 12.00
Raft 25.0m X 25.0m | 20.75 2,760
1450 m 25.0m X 25.0m | 47.00 6,260
(Buildings with three 1.50m Raft 30.0m X 30.0m | 45.25 6,030
basement Floors) 35.0m X 35.0m | 44.75 5,960
15.00 m 25.0m X 25.0m | 47.50 6,330
(Buildings with three 1.50m Raft 30.0m X 30.0m | 45.75 6,100
basement Floors) 35.0m X 35.0m | 45.25 6,030
1550 m 25.0m X 25.0m | 51.50 6,860
(Buildings with three 1.50m Raft 30.0m X 30.0m | 51.25 6,830
basement Floors) 35.0m X 35.0m | 50.75 6,760
16.00 m 25.0m X 25.0m | 52.00 6,930
(Buildings with three 1.50m Raft 30.0m X 30.0m | 51.75 6,900
basement Floors) 35.0m X 35.0m | 51.25 6,830

If any loose pockets are observed during excavation for shallow foundation,
the same shall be filled with brickbats/gravel and compacted. Foundation can
subsequently be placed over this prepared surface.

Page -16

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




% EXPLORE (Prjoct Ret 13022215

Recommended safe vertical load carrying capacity (both in compression and
uplift) and lateral load carrying capacity of cast in situ bored piles shall be
adopted corresponding to various parameters as following:

i Safe Axial Load Safe Lateral Load - .
Dlsi]eOf |:I'-i(|e:;1 gBtS:\:, Carrying Capacity (t)| Carrying Capacity (t) Minimum Pile length
(mm) | Cut-off Level |compression| Uplift |Free Head |Fixed Head | Free Head | Fixed Head
10.0m 55 15 45 1.5 8.14m 8.14m
15.0m 85 30 45 1.5 8.14m 8.14m
600 20.0m 120 45 45 1.5 8.14m 8.14m
250m 155 65 45 1.5 8.14m 8.14m
10.0m 75 20 6.0 17.0 9.73m 9.73m
750 15.0m 135 45 6.0 17.0 9.73m 9.73m
20.0m 190 70 6.0 17.0 9.73m 9.73m
250m 240 95 6.0 17.0 9.73m 9.73m

A cut-off length of 15.0m has been taken below the existing ground level.

The load capacities of piles are based on Static formulae using IS code. It is
recommended to confirm the theoretical pile capacity by conducting initial pile
load tests as per IS: 2911 (Part IV) on test piles before installing the working
piles.

5. As per the analysis done for the liquefaction potential of the subsoil strata, it is
found that the subsoil strata up to the explored depth are not prone to
liquefaction during earthquake.

6. Our analysis and recommendations are based only on the data collected
from seven bore-holes made at the site. Subsoil strata observed in these
bore-holes has been assumed as the representative of the site.

For Explore Engineering Consultants (P) Ltd.

Date: 30/08/2013 (A.K.SINGH) (A.P.SINGH)
Place: Noida
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ANNEXURES
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Bore Holes Location Plan
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Details of BH- 1
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FIELD BORELOG Table No.- 1
METHOD OF BORING ~ Shell & Auger Method ORE HOLE NO. 1
CASING TYPE & DEPTH . SX-6,40m LOCATION . As per attached location plan
WATER TABLE ~15.0m ATE START 14-03-2013
DEPTH OF BORING 40 mb.gl ATE COMPLETION _|: 17-03-2013
“ SAMPLES DETAILS SPT BLOWS COUNTS
(9]
£ |DscreTioNOFsOL [ 3 2 | srama = "
z STRATA 2 g | THCK M) | QT 5 | 20 | 4 e :
& 3 L |lo v 5
a [ = o ©
0 SANDY SILT ML-CL 100 DS | 1 0.00-0.50 COLLECTED
UDST 1 [ 1.00-1.30 | COLLECTED
2.0 SPT] 1| 150195 | 3 [ 4 | 6 [ 10
30 SILTY SAND SM 3.00
.0 SPT] 2 [ 300345 | 3 | 4 [ 5 T 9
UDST 2 | 4.004.30 | COLLECTED
5.0 SPT| 3 | 450495 | 4 | 5 [ 6 [ 11
6.0
SPT] 4 | 600645 | 4 | 16 [ 21 [ 37
7.0 FINE SAND - 6.00
WITH GRAVEL . UDST 3 [ 7.00-7.30 ] COLLECTED
8.0 SPT| 5| 750795 | 7 [ 15 | 24 [ 39
9.0
100 SPT] 6 | 000945 | 8 [ 27 | 32 [ 59
UDST 4 | 10.00-10.30 ] COLLECTED
11.0 SANDY SILT SPT| 7 | 10501095 | 6 [ 19 [ 12 [ 31
12.0]  wITH GRAVEL ML-CL 300
13.0 SPT] 8 [ 12001245 6 | 15 [ 19 [ 34
UDST 5 [ 13.00-13.30 | COLLECIED
14.0 SPT| 9 | 13501395 | 7 [ 11 | 17 [ 28
15.0
16.0 SPT] 10 15001545 | 8 [ 15 [ 22 [ 37
UDST 6 | 16.00-16.30 ] SLIPPED
17.0
18.0
19.0 SPT] 11 18.00-1845 | 10 | 21 | 27 | 48
UDST 7 | 19.00-19:30 ] SLIPPED
20.0
21.0
SPT] 12 21002145 8 | 16 [ 31 [ 47
22.0 FINE SAND - 18.00
2.0 WITH GRAVEL . UDST 8 | 22.00-22.30 ] SLIPPED
24.0
250 SPT] 13| 24002445 [ 13 | 20 | 29 [ 49
UDST 9 | 25.00-25.30 ] SLIPPED
26.0
27.0
280 SPT] 14| 27.002745 | 15 | 26 | 33 | 59
UDST 10 | 28.00-28.30 ] SLIPPED
29.0
30.0
310 SPTI15] 30003045 [ 12 | 25 [ 27 [ 52
UDST 11 [ 31.00-31.30 | COLLECTED
32.0
33.0
340 SPTI116133.00-.3345 ] 8 [ 13 [ 16 | 29
' SANDY SILT ML-CL 700 UDST 12 [ 34.00-34.30 | COLLECTED
35.0]  WITH GRAVEL :
36.0
370 SPT] 17 ] 36003645 | O | 27 | 39 | 66
UDST 12 [ 37.00:37.30 | COLLECTED
38.0
39.0 SILTY SAND
WITH GRAVEL SM 200
40.0 SPT] 19 | 39.5540.00 | 12 | 36 | 42 | 78
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LABORATORY TEST RESULTS OF BH-1 Table No.-2
SPT VALUE GRAIN SIZE | ATTERBERG ~ SHEAR
! N ANALYSIS LIMIT ~= £ PARAMETER
32| & 5 HEEE
= = z I=l<x|Sl=elE[z]e]|=z
< || S > = o
21zl 2 |ale| 22 |2l=|-|E|E|C|2|5]lE|8|58|=2]%
2 |5 o |25 22 |91z |E[z|1Z|gl8|Slg|lo|=
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alE| & |88 © Elols|lale|le|2|8(g|2|2]|3
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DS | 0.00-0.50 | COLLECTED| SANDYSILT M 1 147152
1.00 (ML-CL)

UDS|_1.00-1.30 | COLLECTED T [81]18 172 157] 9.29 [2.66] 0.00] 30
2.00[SPT] 150-1.95 | 10 | 15 1 82 17 [ 31
300 v NON-PLASTIC
00 SPT] 300345 | 9 [ 11 T ] 80] 19 [ 30

UDS|_4.00-4.30 | COLLECTED o A 174] 158] 9.88 [2.65] 0.00] 30
5.00[SPT| 450495 | 11 | 12 3 | 86 ] 11 [ 30
6.00

SPT] _6.00645 [ 37 [ 37| TINESAND 2 (8919 [
7.00 WITH NON-PLASTIC

UDS | 7.00-7.30 JCOLLECTED| GRAVEL 3 [ 89] 8 : 175] 1591 10.1412.65] 0.00] 32
8.00["SPT] 750-7.95 | 39 | 36 (SP) 41976 [ 34
9.00

SPT]_9.00-945 ] 59 | 50 3 [ 03] 4 [ 34
10.00

UDS [ 70.00-10.30 [COLLECTED| o o o' 4 [ 37159 [26] 20 6 [177]1.60]1052]267] 025] 30
11.00] SPT] 10.50-10.95 | 31 | 25 3 | 39158 ]

WITH
12.00 GRAVEL
13,001 SPL 12001245 34 T 26 (ML-CL) 3 1 36 [ 61 I

UDS] 13.00-13.30 | COLLECTED 7 ]89] 7 1791 1621 10.6612.65] 0.00] 32
14.00]SPT| 13.50-13.95 | 28 | 20 4 18] 7 [ 33
15.00

SPT] 15.00-1545 | 37 |21 2 [ 92] 6 [ 33
16.00

UDS] 16.00-16.30 | _SLIPPED T -1 S N |
17.00
18.00

SPT] 18.00-1845 | 48 | 24 T [oa] 2 [ 34
19.00

UDS] 19.00-19.30 | SLIPPED T -1 S N |
20.00
21.00
PP A 5 N F'NVEEQND /3 N [

UDST 72002230 [ SUPPED | GRAVEL T | NONPLASTIC —T1—T— T I
23.00

(SP)
24.00

SPT ] 24.00-2445 ] 49 | 23 3 [ 03] 4 [ 34
25.00

UDS] 25.00-25.30 |__SLIPPED T -1 S N |
26.00
27.00

SPT] 27.00-27.45 ] 59 | 25 3 1 89] 8 [ 34
28.00

UDS] 28.00-28.30 |_SLIPPED T -1 S N |
29.0
30.0
41,00 SPT] 30.00-3045 ] 52 | 23 31 92]5 [ 34
1200 UDS] 31.00-31.30 ] COLLECTED 4 39157 [26] 20 6 [181]163]11.32]267] 027] 30
33.00
200 SPTT 330033451 20 1 16 | gunoy siLT 4 4115 I

UDS] 34.00-34.30  COLLECTED|  WITH 3 1 39158 | 26] 201 6 [182]1.62]12.04]267] 027] 30
35.00 GRAVEL
36.00 (ML-CL)

SPT] 36.00-36.45 | 66 | 25 4 ] 35 [ 61 I
37.00
2500 UDS] 37.00-37.30 ] COLLECTED 3 1 35162 27] 211 6 [184]164]12.19]267] 030] 30

SILTY SAND
39.00 WITH GRAVEL
4000 SPT] 39554000 | 78 |_28 (W) T &% [
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E)(P LOEE (Project Ref.-13022215)

Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 3

Borehole No. [1

Borehole dia. [150 mm
Water Table (in m below EGL) 115.00
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151198117 100989] 297 | 147 10.233] 10 | 1.72] 2.58 969 [1.0/1.15]0.75]1.00f 17.0] 3.011.06] 21.0 ] 0.23] 0.343 | 1.47 | NL
3.0 1198]119]10977]595] 295 0.231] 9 |172] 5.16 2392 {1.0/1.15]0.80] 1.00f 11.5]3.43]1.07] 158 10.17] 0.252 | 1.09 | NL
451199]1110.966] 893 | 443 10228 11 |1.74] 7.77 13411001151 0.85]1.00)122]1.21{1.03] 13.7 ]0.15] 0.221 | 0.97

6.0 11991 9 10.954 90| 5.90 ]0.225( 37 [1.74] 10.38 { 0.982 | 1.0] 1.15/0.95] 1.00] 39.7] 0.56] 1.02] 40.9 [ NA A > L
7511991 6 10.943]14.89] 7.39 10.222] 3911.75] 13.01]1 0877 1 1.0} 1.05{1.00]1.00]35.9{0.03]1.00] 36.1 A A > L
9.0 {1991 4 1093 7.87] 8.87 10.219] 59 | 1.75] 1563 ] 0.800 | 1.0 1.05] 1.00f 1.00]49.6] 0.00]1.00| 49.6 A A > L
0.5]1200] 58 | 0.894]20.87 10.37 ]10.210{ 3 77118291 0.740 [ 1.0/ 1.05] 1.00f 1.00{24.1]5.00{1.20] 339 A A > L
2.01200]61]0.854]23.88] 11.8810.201] 34 [ 1.77] 20.94 | 0.69 0]11.05[{1.00]1.00]247]5.00]1.20] 34.6 A A > L
3502011 7 [0814]26.89] 13.3910.191] 28 [ 1.79] 23.63 | 0.65 .011.05{1.00]1.00]191]10.12]1.01] 19.410.21] 0.312 ]| 1.63 L
50012011 6 [0.774]29.90] 14.90 1 0.182] 37 [ 2.01] 25.14 | 0.63 .0]11.05[1.00]1.00]245]0.03]1.00] 24.6 {0.29] 0.428 | 2.35 L
8.01201] 2 [0693]35.92] 17.9210.163] 48 [ 2.01] 28.16 | 0.596 | 1.0] 1.05] 1.00] 1.00] 30.0/ 0.00] 1.00f 30.0 | NA | NA >1 L
21.0]2.01] 3 ]10.613]141.94]20.9410.144] 47 1 2.01]31.18] 0.566 { 1.0 1.05]1.00] 1.00{27.9]10.00f1.00] 27.9 10.37] 0.552 | 3.84 L
240]2.01] 4 10.552]47.96] 23.96 ] 0.129] 49 |1 2.01]34.20] 0.541 [ 1.0/ 1.05]1.00] 1.00f 27.8]0.00f1.00] 27.8 1 0.36] 0.545 | 4.22 L
27.0]2.01] 8 ]10.528153.98] 26.98 0.124] 59 | 2.01] 37.22] 0.518 { 1.0/ 1.05]1.00] 1.0032.1]10.30{1.01] 328 | NA| NA >1 L
30.0]12.01] 5 10.504]60.01] 30.01]0.118] 52 | 2.01] 40.24 | 0.498 [ 1.0/ 1.05] 1.00| 1.00{ 27.2]0.00{ 1.00] 27.2 1 0.34] 0.517 | 4.38 L
33.0]2.02] 551 0.500 ] 66.06] 33.06 ] 0.117] 29 | 2.02] 43.29] 0.481 [ 1.0 1.05] 1.00| 1.00 | 14.6]5.00{1.20] 22.6 1 0.25] 0.375 | 3.21 L
36.0]2.02] 61]0.500]72.11] 36.11]0.117] 66 | 2.02] 46.34 | 0.465 [ 1.0 1.05] 1.00] 1.00f32.2]15.00{1.20] 436 | NA| NA >1 L
39.6]2.03]3410.500]79.30] 39.75]0.117] 78 1 2.03] 49.98 | 0447 [ 1.0/ 1.05] 1.00] 1.00 36.614.9311.19] 485] NA| NA >1 L

|L=Liquefiable INL=Non-Liquefiable |
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-1

Clay | Silt | Sand I Gravel
| | |
100 ¢ __1
o | "
80 | l
¥ 60 |
m ¥
= 1
[T +¥
e 20 1 /
Z ¥
W |
g 40 1 /
w +
o +
30 | M
20 | E_
10 | %:
0 1 N
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—— 1.50 m depth —&— 3.00 m depth —&— 4.50 m depth
——6.00 m depth —¥*—7.50 m depth ——9.00 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
.50 m depth 1 8 7
3.00 m depth 1 80 9
.50 m depth 3 86 il
.00 m depth 2 89 9
7.50 m depth 4 90
9.00 m depth 3 93
Fig. -2
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-1

Clay | Silt | Sand |Grave|
[ | |
100 % Ei
o | P
iy /]
g 601 -5 I
Z 1
[TH ¥
e 90 | /
Z ¥
i {
14 40 +
[11] T
o +
30 |
20 |
0 1 ﬁ:
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—&— 10.50m depth —&— 12.00 m depth —¢— 13.50 m depth
—¥— 15.00 m depth —@— 18.00 m depth ——21.00 m depth
[ Denth Gravel (%) Sand (%) Silt + Clay (%)
m dep 3 39 58
12.00 m depth 3 36 61
13.50 m depth 89 7
15.00 m depth 2 92 6
18.00 m depth 4 94 2
21.00 m depth 4 93 3
Fig.- 3
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-1

Clay | Silt | Sand Gravel
[ i
100

w0 |
g Il
|

o 1 L
w 60 1 ,//
= 1 ol
[TH +
= 50 1
Z ¥
) 1
o 40 |
o ¢
30 |
20 |
10 | %
0 + Ll
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
——24.00 m depth —&—27.00 m depth —— 30.00 m depth
——33.00 m depth —¥— 36.00 m depth —@— 39.55 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
24.00 m depth 3 93 4
27.00 m depth 3 89 8
30.00 m depth 3 92 5
33.00 m depth 4 41 55
36.00 m depth 4 35 1
39.55 m depth 4 62 34
Fig.- 4
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E)(P LOEE (Project Ref.-13022215)

VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 1
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24.00
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e

‘ —e@— OBSERVED —=&— CORRECTED

Fig.-5
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Details of BH- 2
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EXPLORE

(Project Ref.-13022215)

FIELD BORELOG | Table No.- 4
METHOD OF BORING - Shell & Auger Method BORE HOLE NO. 22
CASING TYPE & DEPTH . SX-6,30m LOCATION . As per attached location plan
WATER TABLE -15.0m DATE START -10-03-2013
DEPTH OF BORING - 30mb.g.l DATE COMPLETION  |: 13-03-2013
SAMPLES DETAILS SPT BLOWS COUNTS
] B
2 = T
= | DiscremoNoF | T | 8 TaIT;fTA S b we| @
= | SOILSTRATA 3 |4« -(m) g g 153045 [N| £
E 7] w — <
I a 1) =
a = w &
~ = o
ol sANDYSLT vice WM 44 (s 1 T 0.00-050 COLLECTED
2 UDS] 1 1.00-1.30 COLLECTED
2.0 SPT | 1 150-1.95 [ 4156 [11
301 g7y sand SM 4.00
o : SPT] 2 | 300345 [3[]4]5]9
UDS][ 2 4.00-4.30 COLLECTED
5.0 SPT| 3 450-495 [4]51]6[11
6.0
SPT] 4] 600645 [5]6 713
7.0
UDS] 3 7.00-7.30 COLLECTED
8.0 SPT| 5 750-7.95 | 7 [11]13]24
9.0
SPT] 6 | 9.00-945 [ 9 J13]16]29
10.0
UDS] 4 [ 10.00-10.30 | COLLECTED
11.0 SPT | 7 | 10.50-10.95 | 6 [12[15] 27
12.0
13.0 SPT] 8 [ 12.00-12.45 [ 8 [15] 18] 33
UDS] 5 [ 13.00-13.30 | COLLECTED
14.0 SPT| 9 [ 13.50-13.95 | 6 [ 101323
15.0
SPT] 10 15.00-15.45 [ 5 [ 9 T11] 20
16.0
FINE SAND op 9300 | UDST 6 [ 16.00-16.30 [ SLIPPED
17.0|  WITH GRAVEL '
18.0
SPT] 11 18.00-18.45 [11[15]19] 34
19.0
UDS] 7 | 19.00-19.30 | __ SLIPPED
20.0
21.0
SPT] 12 ] 21.00-21.45 [ 9 [17]26] 43
22.0
UDS] 8 | 22.00-22.30 | __ SLIPPED
23.0
24.0
SPT [ 13 ] 24.00-24.45 [13[ 1929 48
25.0
UDS] 9 | 25.00-2530 | __ SLIPPED
26.0
27.0
SPT[ 14 ] 27.00-27.45 [ 8 13 16] 29
28.0
UDS] 10 | 28.00-28.30 | COLLECTED
29.0|  SILTY SAND
WITH GRAVEL SM 200
30.0 SPT] 15 [ 29.55-30.00 [ 13 [22[25] 47
ABBREVIATION:- SPT - Standard Penetration Test UDS- Undisturbed Sample
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EXPLORE

(Project Ref.-13022215)

LABORATORY TEST RESULTS OF BH-2 Table No.-5
SPT VALUE GRAIN SIZE SHEAR
N' ANALYSs | ATTERBERG = PARAMETER
s w N LIMIT ele| |-
o | = T o =|ls|E E
= A1} = = . = R L <« =
clz| 3 - 25 |2|.| |=|=|2|B8|5|z|5|8|%5]|¢
] = L =] | o Bl =lTIclelz] 2] a &) O £ 5

& o w [  ~ oS8l zleEls| |Gl 2 w [ &) x
=z - = = O SR S|l 2 Z|ISIZE|S| =] a|uw x w B o

L = L @a wila Sl2 = =] 5 o = ™
Q. o o L o i} S| =z|© o|loc | x| = i} o 5
i s i 2 2 o sSl=|x % ElE | 3] @ & 7] w

o o 5] U=,) <] % %) o a g % 6'
—lz | & 8 =2

DS | 0.00-050 | COLLECTED| sAnovsir M 1 | 41 | 58
1.00 (ML-CL) IEEsecat

UDS] 1.00-1.30 ] COLLECTED 1.71] 1.56 | 9.85 | 2.66 | 0.00 | 31
2.00[ SPT| 150-1.95 | 11 | 16 32
3.00 NON

SPT[ 300345 [ o [ 11 | STV SAND PLASTIC [ %
4.00 (SM)

UDS] 4.004.30 ] COLLECTED 1.73] 157 [ 10.14] 2.66 | 0.00 |30
5.00[ SPT| 450495 | 11| 12 30
6.00

SPT] 6.00-645 | 13 | 13 [ 31
7.00

UDS] 7.00-7.30 | COLLECTED 1.74] 158 [ 10.22 [ 2.66 | 0.00 | 31
8.00[ SPT| 7.50-7.95 | 24 | 22 33
9.00

SPT] 9.00-945 | 29 | 25 [ 3
10.00

UDS [ 10.00-10.30 | COLLECTED 1.80] 1.63 [ 10.74 ] 2.66 | 0.00 | 32
11.00[ SPT [ 10.50-10.95 | 27 | 22 33
12.00

SPT 12.00-12.45 | 33 | 25 [ 3
13.00

UDS] 13.00-13.30 | COLLECTED 1.81] 1.63 ] 11.05 ] 2.66 | 0.00 | 31
14.00[ SPT [ 13.50-13.95 | 23 | 17 32
15.00

SPT] 15.00-1545 | 20 | 14 [ 31
16.00 FINE SAND

UDS] 16.00-16.30 | _SLIPPED WITH NON T T - T -
17.00 GRAVEL PLASTIC

(SP)
18.00

SPT] 18.00-1845 | 34 | 19 [ 32
19.00

UDS| 19.00-19.30 | SLIPPED - | - - - -1 -
20.00
21.00

SPT 21.00-2145 | 43 | 21 [ 33
22.00

UDS| 22.00-22.30 | SLIPPED - | - - - -1 -
23.00
24.00

SPT 24.00-2445 | 48 | 23 [ 3
25.00

UDS| 25.00-25.30 | SLIPPED - | - - - -1 -
26.00
27.00

SPT] 27.00-2745 ] 29 | 16 [ 32
28.00

UDS [ 28.00-28.30 | COLLECTED| SILTY SAND 24] 20 | 4 [1.82] 1.62] 12.06] 2.66| 0.00 | 32
29.00 WITH GRAVEL

(SM)
30.00] SPT[ 29.55-30.00 | 47 | 21 [ 33
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EXP LOE E (Project Ref.-13022215)

| Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 6

Borehole No. |2
Borehole dia. [150 mm
Water Table (in m below EGL) |15.00

Water Table (in m below EGL) 0.00
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-2

Clay I Silt Sand , Gravel
[ I

100 %H

% |

r—

—

70 |

:z |
o y/
N |
i

20 1 j

0 1
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

—

———

PERCENT FINER

‘ —+—150mdepth —8—3.00mdepth —&—4.50 mdepth —x%—6.00 mdepth —%— 7.50 m depth ‘

epth Gravel (%) Sand (%) Silt + Clay (%)
1.50 m depth 67 32
3.00 m depth 66 33
4.50 m depth 75 24
6.00 m depth 88 11
7.50 m depth 2 91 7
Fig.- 6
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-2

Clay | Silt | Sand I Gravel
) I i i !
100 r
| Fﬂ%ﬁl—sﬁﬁ
T T |
9 | M=
| A
70 | /7
¥ 60 |
wl T
Z + 4
= 1 / j{
— 50 |
=z T
Ll T
w T
o 1
30 |
20 |
10 | 7
0 T il
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
——9.00 m depth —&— 10.50m depth —&— 12.00 m depth —»— 13.50 m depth —*— 15.00 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
9.00 m depth 93 6
10.50m depth 90 9
12.00 m depth 2 88 10
13.50 m depth 3 91 6
15.00 m depth 5 86 9
Fig.-7
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-2

Clay | Silt Sand | Gravel

’l >
100 ¢
——

0 | .

v
A

4
4

70 |

PERCENT FINER
[8)]
o
\\
AN
———

40 |

. p!
10 |

~

0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

—— 18.00 m depth —&— 21.00 m depth —a&— 24.00 m depth —— 27.00 m depth —»— 29.55 m depth

epth Gravel (%) Sand (%) Silt + Clay (%)
18.00 m depth 4 88 8
21.00 m depth 2 91 7
24.00 m depth 2 88 10
27.00 m depth 1 92 7
29.55 m depth 2 55 43
Fig.- 8
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EXP LOE E (Project Ref.-13022215)

VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 2

0O 10 20 30 40 50 60 70 80 90 100
0.00 *

1.50 -
3.00
450 +
6.00
7.50
9.00
10.50
12.00 - e

13.50

15.00 -
16.50 - N

L N
18.00 \ LN
19.50 N
21.00 X
22.50 + \\
24.00 - )- »
25.50 / ~

L 7
27.00 -< 'S
28.50 \ N,
30.00 - b e

— & - OBSERVED —&— CORRECTED

Fig.-9
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E)(P LOEE (Project Ref.-13022215)

Details of BH- 3
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E)(P LOEE (Project Ref.-13022215)

FIELD BORELOG Table No.- 7
METHOD OF BORING " Shell & Auger Method ORE HOLE NO. 3
CASING TYPE & DEPTH . SX-6,40m LOCATION . As per attached location plan
WATER TABLE - 15.0m ATE START +07-03-2013
DEPTH OF BORING T 40mbgl ATE COMPLETION _ |- 10-03-2013
” SAMPLES DETAILS SPT BLOWS COUNTS
wn
£ |DscreTioNoFsOL [ 3 2 | strama = "
z STRATA 2 g | THCK M) | QT 5 | 20 | 4 e :
& 3 L |lo v 5
a [ = o ©
10 SANDY SILT ML-CL 100 DS | 1 0.00-0.50 COLLECTED
UDST 1 | 1.00-1.30_] COLLECTED
2.0 SPTI 11 150195 [ 3 T 3 T 3 T 6
3.0 SILTY SAND SM 3.00
.0 SPT] 2 | 300345 | 3 | 4 | 4 T 8
UDST 2 | 4.004.30 | COLLECTED
5.0 SPT| 3 | 450495 | 5 [ 6 | 7 [ 13
6.0
70 SPT] 4 | 600645 | 4 | 7 [ 10 [ 17
UDS] 3 | 7.00-7.30 ] COLLECTED
8.0 SPT] 5| 750795 | 5 [ 8 [ 12 [ 20
9.0
100 SPT] 6 | 000945 | 4 [ 7 [ 11 [ 18
UDST 4 | 10.00-10.30 ] COLLECTED
11.0 SPT| 7 [ 10501095 | 7 | 8 [ 10 [ 18
12.0
13.0 SPT] 8 | 12001245 | 18 | 27 | 36 | 63
UDST 5 [ 13.00-13.30 | COLLECTED
14.0 SPT| 9 | 13501395 | 6 | 8 [ 11 [ 19
15.0
SPT] 10 15001545 | 9 [ 12 [ 15 [ 27
16.0 FINE SAND . 24,00
170 WITH GRAVEL . UDST 6 | 16.00-16.30 ] SLIPPED
18.0
190 SPT] 11 18001845 | 8 | 16 | 26 | 42
UDST 7 | 19.00-19:30 ] SLIPPED
20.0
21.0
SPT] 12 21.002145 ] 10 | 19 [ 31 [ 50
22.0
UDST 8 | 22.00-22.30 ] SLIPPED
23.0
24.0
25.0 SPT| 13 | 24002445 | 13 | 17 | 28 | 45
UDST 9 | 25.00-25.30 ] SLIPPED
26.0
27.0
28.0 SPT] 14| 27.002745 [ 12 | 21 [ 29 [ 50
UDST 10 | 28.00-28.30 ] COLLECTED
29.0
30.0 SANDY SILT
310 WITH GRAVEL ML-CL 400 SPTI115] 30.00-3045 | 14 | 23 [ 25 | 48
UDST 11 [ 31.00-31.30 | COLLECTED
32.0
33.0 FINE SAND . 200
340 WITH GRAVEL : SPTI 16133003345 | 16 | 34 | 38 [ 72
UDST 12 | 34.00-34.30 | COLLECTED
35.0
36.0
SPT] 17| 36.003645 | 15 | 26 | 28 | 54
37.0 SANDY SILT MLCL 6.00
38.0 WITH GRAVEL i : UDST 12 [ 37.00:37.30 | COLLECTED
39.0
40.0 SPT] 19 | 39.5540.00 | 17 | 28 | 35 | 63
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EXPLORE

(Project Ref.-13022215)

LABORATORY TEST RESULTS OF BH-3 Table No.-8
SPT VALUE GRAINSIZE | ATTERBERG ~ SHEAR
! N ANALYSIS LIMIT “ = PARAMETER
3|g| & & HEEE
= w = =z ==l x| = Zz ||z
Sl 2 |ale| 25 |8l=|=|2|E|E]E|5lE]5 8|8
=z [ oy olZ|=l>=|El=s] = o | O |ol: ]
Sl =) S| B e QlTl1E&|I=<|s|12|=|glzlal8l|lo|lz -
Ela| E |E|l2| 82 |Z|E2|2|3|3(a|52(8|s|s|l58|%E
o = &) (&) ~ =) B
W[ & i} | = Pt sls|r|gleE|lE|lS3lzl5 |8 & w
o |z a ol 8 e 6 |° '% 3 2|2 |2 5|8 |°|¢|3
=2 = 3| =
DS | 0.00-0.50 | COLLECTED| SANDYSILT M 114157
1.00 (MLCL)

UDS]_1.00-1.30_] COLLECTED [ 78 | 21 17111571 9.22 [2.66] 0.00] 30
2.00[SPT] 150195 | 6 | 9 [ 77122 [ 30
SILTY SAND NON

3.00 (SM) PLASTIC
400 SPT] 300345 ] 8 | 10 [81118 [ 30

UDS]_4.00-4.30 | COLLECTED 3189 8 1.73[ 1571 10.04]2.65] 0.00] 30
5.00[SPT| 450495 | 13 | 14 3 1 87110 [ 31
6.00
700 SPT] 6.00-645 | 17 [ 17 2 o1 7 [ 3

UDS |_7.00-7.30_] COLLECTED 2 189 9 1761 1.60] 10.25[265] 0.00] 31
8.00/'SPT| 7.50-7.95 | 20 | 18 3 1 90| 7 [ 32
9.00

SPT] 000945 [ 18 [ 15 2 193] 5 [ 3
10.00

UDS ] 10.00-10.30  COLLECTED 2 o1 7 1.79]1.62]10.36[ 265 0.00] 31
11.00] SPT] 10.50-10.95 | 18 | 14 3 1891 8 [ 31
12.00
13,001 221 12001245 63 48 2 1921 6 [ 34

UDST 13.00-13.30 ] COLLECTED 4 ]88 8 1.80]1.62]11.291265] 0.00] 31
14.00] SPT| 13.50-13.95 | 19 | 14 4 |92 4 [ 31
15.00

SPT [ 15.001545 [ 27 17| TINESAND 3193 | Y
16.00 WITH NON

UDST 16.00-16.30 | SLIPPED | GRAVEL || PLASTIC [ - T -1 I
17.00

(SP)

18.00

SPT] 18.00-1845 ] 42 | 22 4190 6 [ 33
19.00

UDST 19.00-19.30 | _SLIPPED | -1 -1 I
20.00
21.00

SPT] 21.00-2145 ] 50 | 24 3188 9 [ 34
22.00

UDST 22.00-22.30 |__SLIPPED | -1 -1 I
23.00
24.00

SPT] 24.00-2445 ] 45 | 22 4189 7 [ 33
25.00

UDST 25.00-25.30 |__SLIPPED | -1 -1 I
26.00
27.00

SPT] 27.00-2745 ] 50 | 23 4188 8 [ 34
28.00
20.0 UDST 28.00-28.30 | COLLECTED 4 137159 [26]20] 6 |1.81]1.62]11.44]1267]|028] 30

- SANDY SILT

30.0 WITH

SPT] 30.00-3045 | 48 | 21 GRAVEL 3 ] 35] 62 I
31.00 (ML-CL)
1200 UDST 31.00-31,30 ] COLLECTED 2 140158 [26] 20 6 |1.82]1.62]12.14]267] 0.30] 30
33.00 FINE SAND

SPT [ 33.003545 | 72 [ 28 | V' CRAVEL 7 B8] 5| NONPLASTIC [
34.00 (SP)
2500 UDST 34.00-34.30 | COLLECTED 3 140 ] 57 [26] 20 6 |1.83]1.63]12.291267] 0.30] 30
36.00

SPT ] 36.0036.45 | 54 | 22 | SANDY SILT 7 [ 3B ]58 I
37.00 WITH

UDST 37.00-37.30 | COLLECTED| GRAVEL 4 1 37159 [26] 20 6 |1.84]164]12.33]267]| 031] 30
38.00

(ML-CL)

39.00
40.00]"SPT [ 39.55-40.00 | 63 | 24 3 | 36 ] 61 I
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E)(P LOEE (Project Ref.-13022215)

Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.-9
Borehole No. |3
Borehole dia. [150 mm
Water Table (in m below EGL) 115.00
Water Table (in m below EGL) 0.00
S ~
T = =
E E = o < |- ‘ﬂ’:’ . 2
w | 3] E ® |= S5 =3 =
el 2l 2 les] e = =
= = = - g — o = — © <
Slz|lg|lac|lel&8r 2= § T 3
= & w =] B = I £l = |=z " =
<|l2|le|lx | 2|52| 8|e|E |5t 3 -
= s |le=| 5|3 2|2 = = 2 x
=) L o y) = o x| ?» = o | = S @ " 4
o = © w o 3 7N o > (=} > = (&] é = <
SEAHEHE R R E 5 c|E|E 5
SISIE| & ClEsl 3|S5 8|E 8| O [Ce|[C|C|[C|H | a Bl Z |G &) FS. | &
15 1198]122]0989] 2.97 | 147 [0.234] 6 |1.71] 257 | 1.974[1.0]1.15]0.75]1.00] 10.2{393]|1.09] 151 [0.16] 0.242 | 1.03 | NL
30]198]18[0977]593] 293 |0.231] 8 [1.71] 513 | 1.396 | 1.0]1.15]0.80] 1.00] 10.3]3.23]1.07] 14.2 [ 0.15] 0.228 | 0.99
451198[10]0.966] 8.90 | 440 0.229f 13 [1.73| 7.73 | 1138 | 1.0/ 115]0.85| 1.00]14.5]0.87]1.02] 15.6 | 0.17] 0.250 | 1.09 L
601198 7 [0954]11.87] 5.87 |0.226] 17 [ 1.73] 10.32] 0.984 | 1.0 1.15]0.95] 1.00| 18.3] 0.12]1.01] 18.6 | 0.20] 0.297 | 1.32 | NL
751199] 7 [0943]14.86] 7.36 |0.223] 20 [ 1.76] 12.96 | 0.878 | 1.0 1.05] 1.00] 1.00| 18.4] 0.12]1.01] 18.7 | 0.20] 0.300 | 1.35 | NL
901199] 5 [0.931]17.85] 8.85 |0.220 76]15.60 | 0.801 | 1.0]1.05] 1.00f1.00]15.1]0.00]1.00] 15.1 | 0.16] 0.242 | 1.10 | NL
05]2.01] 8 [0.894]20.86] 10.36 | 0.210 79118291 0.740 | 1.0]1.05] 1.00f 1.00] 14.0]0.30]1.01] 145]0.15] 0.232 | 1.10 | NL
20]2.01] 6 [ 0.854]23.88] 11.88 ]0.201] 63 | 1.79] 20.97 ] 0.691 | 1.0/ 1.05] 1.00| 1.00| 45.7] 0.03| 1.00] 45.9 | NA| NA | >1 L
35]2.01] 4 [0814]26.89] 13.39]0.191] 19]1.80] 23.67 ] 0.650 | 1.0/ 1.05] 1.00| 1.00| 13.0] 0.00 ] 1.00] 13.0 | 0.14] 0.210 | 1.10 | NL
50]2.01] 3 [0.774]29.90] 14.90 | 0.182] 27 [ 2.01] 25.18] 0.630 | 1.0/ 1.05] 1.00| 1.00| 17.9] 0.00 ] 1.00] 17.9]0.19] 0.285 | 1.57 | NL
80]2.0 0.693]35.92] 17.920.163]| 42 | 2.01] 28.20 | 0.595 | 1.0] 1.05] 1.00] 1.00] 26.3] 0.03|1.00] 26.4 [0.32] 0.484 [ 2.98 | NL
21020 0.613141.94]20.94]0.144] 50 | 2.01] 3122 ] 0.566 | 1.0] 1.05] 1.00] 1.00]29.7/ 056 | 1.02] 308 [ NA| NA | >1 L
24020 0.552147.96] 2396 [0.129] 45]2.01] 3424 ] 0.540 | 1.0]1.05] 1.00] 1.00] 25.5] 0.12] 1.01] 25.9 [0.31] 0.465 | 3.60 | NL
27.0]201] 8 ]0.52853.99] 26.99 | 0.124] 50 | 2.01] 37.27 | 0.518 | 1.0/ 1.05] 1.00| 1.00| 27.2]0.30] 1.01] 27.8 | 0.36] 0.546 | 4.42 | NL
30.0]202] 62]0.504 | 60.03] 30.03 |0.118] 48 | 2.02| 40.31 | 0.498 | 1.0/ 1.05] 1.00 | 1.00]25.1] 5.00] 1.20] 35. A Al > L
33.0]202] 8 ]0.500]66.08] 33.08|0.117| 72 | 2.02| 43.36 | 0.480 | 1.0] 1.05] 1.00| 1.00]36.3] 0.30] 1.01] 37. A Al > L
36.0] 202 58]0.500]72.14] 36.14 | 0.117] 54 | 2.02| 46.42 | 0.464 | 1.0] 1.05] 1.00 | 1.00]26.3] 5.00] 1.20| 36.6 | NA Al > L
3961202 61]0.500]79.32] 39.77 ] 0117 63 | 2.02] 50.05 | 0.447 | 1.011.05] 1.00] 1.00129.6] 5.00] 1.20] 40.5 | NA Al > L

|L=Liquefiable INL=Non-Liquefiable |
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-3

Clay | Silt | Sand IGraveI
| | |
100 + % —
o |
80 | I
70 |
¥ 60 |
m ¥
Z +
[T +¥
e 90 |
Z ¥
W |
g 40 1 /
w +
o +
30 |
7
20 | ufl
10 | %j
0 1 i
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—— 1.50 m depth —&— 3.00 m depth —&— 4.50 m depth
——6.00 m depth —¥*—7.50 m depth ——9.00 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
.50 m depth 1 7 22
3.00 m depth 1 81 1
.50 m depth 3 87 1
.00 m depth 2 91
7.50 m depth 3 90 7
9.00 m depth 2 93 5
Fig.- 10
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-3

Clay | Silt | Sand |Grave|
[ | |
100 EE E‘
o | :
80 | l
¥ 60 |
IIIJ ¥
Z T I
[TH ¥
e 20 | ’
Z ¥
i {
14 40 1
[11] T
o 1
30 |
20 |
10 | ;
0 1 aill
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—&— 10.50m depth —&— 12.00 m depth —¢— 13.50 m depth
—¥— 15.00 m depth —@— 18.00 m depth ——21.00 m depth
[ Denth Gravel (%) S (%) Silt + Clay (%)
m dep 3 89 8
12.00 m depth 92 6
13.50 m depth 02 b
15.00 m depth 3 94 3
18.00 m depth 90
21.00 m depth 3 88 9
Fig.- 11
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-3

Clay | Silt | Sand Gravel

100 4==: ot—A
|
80 |

: /)|

14
i
E ¥ f
[TH +
£ 90
Z ¥
3 1 /
g 40
w 1
o 1
30 | //
”) J
10 | m;'/
0 + Ll
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
——24.00 m depth —&—27.00 m depth —— 30.00 m depth
—— 33.00 m depth —¥— 36.00 m depth —@— 39.55 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
24.00 m depth 8 7
27.00 m depth 88
30.00 m depth 3 35 2
33.00 m depth 8
36.00 m depth 38 8
39.55 m depth 3 36 61

Fig.- 12
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E)(P LOEE (Project Ref.-13022215)

VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 3

0 10 20 30 40 50 60 70 80 90 100

0.00 +
1.50
3.00 +
4.50 +
6.00 +
7.50
9.00 —+
10.50 |
12.00 +

——
13.50 | =
15.00 +

16.50 \ >~
18.00 \

19.50 |

21.00 | )-
22.50 -
24.00 -

25.50
27.00 +

28.50
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e
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3450 ( -

\

[

|
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‘ —e@— OBSERVED —=&— CORRECTED

Fig. - 13
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EXP LOE E (Project Ref.-13022215)

Details of BH- 4
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EXP LOE E (Project Ref.-13022215)

FIELD BORELOG | Table No.- 10
METHOD OF BORING - Shell & Auger Method BORE HOLE NO. 4
CASING TYPE & DEPTH . $X-6,30m LOCATION . As per attached location plan
WATER TABLE -15.0m DATE START - 04-03-2013
DEPTH OF BORING - 30mb.g.l DATE COMPLETION | 06-03-2013
SAMPLES DETAILS SPT BLOWS COUNTS
[ B
2 = T
£ | DiscreTONOF | S| & | STATA S 5 1w
= | solLsTRATA 2 |49 -(m) e % 15130 45 ("N
E 7] w — <
i a 1) =
a > ] w
~ = o
o DS | 1 0.00-0.50 COLLECTED
UDS] 1 1.00-1.30 COLLECTED
201 ity sanp M 400 | SPT1 1] 150195 [3]4]4]8
3.0
40 spT| 2] 300345 [2[3fa]7
UDS][ 2 4.00-4.30 COLLECTED
5.0 SPT| 3 450-495 [5]7]91]16
6.0
SPT] 4 ] 6.00645 [ 9 J14]16]30
7.0
UDS] 3 7.00-7.30 COLLECTED
8.0 SPT| 5 750-7.95 | 8 [20]21]41
9.0
SPT] 6 | 9.00-945 [ 7 [12]15]27
10.0
UDS] 4 [ 10.00-10.30 | COLLECTED
11.0 SPT | 7 | 10.50-10.95 | 9 [ 16 [ 23] 39
12.0
13.0 SPT] 8 [ 12.00-12.45 [12] 293463
UDS] 5 [ 13.00-13.30 | COLLECTED
14.0 SPT| 9 | 13.50-13.95 [10] 16 [ 20 [ 36
15.0 FINE SAND op 29,00
WITH GRAVEL ' SPT[ 10| 15.00-15.45 | 7 [ 18] 24 [ 42
16.0
UDS] 6 | 16.00-16.30 | __ SLIPPED
17.0
18.0
SPT] 11 18.00-18.45 [13[ 1927 ] 46
19.0
UDS] 7 | 19.00-19.30 | __ SLIPPED
20.0
21.0
SPT] 12 ] 21.00-21.45 [15] 26 [ 31 ] 57
22.0
UDS] 8 | 22.00-22.30 | __ SLIPPED
23.0
24.0
SPT] 13 ] 24.00-24.45 [11[ 223456
25.0
UDS] 9 | 25.00-2530 | __ SLIPPED
26.0
27.0
SPT | 14 | 27.00-27.45 | 7 [12]15] 27
28.0]  SANDY SILT MLCL 400
WITH GRAVEL : UDS [ 10 | 28.00-28.30 | COLLECTED
29.0
30.0 SPT] 15 [ 29.55-30.00 [ 10 [ 15[ 21] 36
ABBREVIATION:- SPT - Standard Penetration Test UDS- Undisturbed Sample
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EXPLORE

(Project Ref.-13022215)

LABORATORY TEST RESULTS OF BH-4 Table No.-11
SPT VALUE GRAIN SIZE SHEAR
N' ANALYSlg | ATTERBERG = PARAMETER
2 ls w . LIMIT ele| S~
2|12 ¢ : dHEE
Ll = = = £ -
— > > = =
Sle| 2 - 25 |2|.| |=|=|2|B8|5|z|8|8|%5]|¢
o = w Q m o » ol|l=l=lZzclelz| 2| a2 o O £ o
@ & o w = o w(S|Elx|E|IS|ZS |38 w [ (&) v
T = T e &) [SRZ) = BT Il BT =N T Bl = [ o ' s
= w = il i} 172} Ulal|la |3 = [=] 5 o =z b
& o o o o i => | = olo | 5| = = L o S
sSle| 8 [8]8] ° 2155|585 |2|8|8|%|aly
o| 8 (G} = & % %’ ol o e g 0]
—lz | & 8 =2
DS | 0.00-050 | COLLECTED
1.00
UDS] 1.00-1.30 ] COLLECTED 24] 20 ] 4 [1.72]156]10.04]2.66] 0.00 | 30
2.00 X
SPT] 150195 [ 8 T 12 | ¢\ 1y sanp 30
3.00 (SM)
SPT] 300345 | 7 | 9 [ 30
4.00
UDS| 4.00-430 ] COLLECTED 1.74] 158 10.23] 2.65| 0.00 | 30
500[ SPT| 450495 | 16 | 17 32
6.00
SPT] 6.00-645 | 30 | 30 [ 34
7.00
UDS| 7.00-7.30 ] COLLECTED 1.79] 1.62] 1056 [ 2.65 | 0.00 | 32
8.00[ SPT| 750795 | 41 | 38 34
9.00
SPT| 9.00-945 | 27 | 23 [ 34
10.00
UDS | 10.00-10.30 ] COLLECTED 1.80[ 1.62] 11.08] 2.65| 0.00 | 32
11.00 SPT | 10.50-10.95 | 39 | 31 34
12.00
SPT] 12.00-1245 | 63 | 48 [ 34
13.00
UDS | 13.00-13.30 ] COLLECTED 181163 11.22] 2.65| 0.00 | 32
14.00] SPT | 1350-13.95 | 36 | 26 34
FINE SAND
15.00 WITH NON
SPT 15.00-1545 | 42 | 22 GRAVEL PLASTIC [ 34
16.00 (SP)
UDS] 16.00-16.30 | SLIPPED -1 -1 - 1T1- N
17.00
18.00
SPT 18.00-1845 | 46 | 23 [ 34
19.00
UDS] 19.00-19.30 | SLIPPED -1 -1 - 1T1- N
20.00
21.00
SPT] 21.00-2145 | 57 | 26 [ 34
22.00
UDS| 22.00-22.30 | SLIPPED -1 -1 - 1T1- N
23.00
24.00
SPT [ 24.00-2445 | 56 | 25 2 [89] 9 [ 34
25.00
UDS| 25.00-25.30 | SLIPPED - -1 - -1 -1 - 1T1- N
26.00
27.00 SANDY SILT
SPT] 27.00-2745 | 27 | 16 WITH 1 ] 43 ] 56 [
2800 GRAVEL
UDST 28.00-28.30 | COLLECTED 2 | 4652 |26 20 6 |1.82]1.62]12.07] 266] 0.21 | 30
29.00 (ML-CL)
30.00] SPT] 29.55-30.00 | 36 | 18 2 [ 4652 [
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EXP LOE E (Project Ref.-13022215)

| Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 12

Borehole No. |4
Borehole dia. |150 mm
Water Table (in m below EGL) |15.00

= —

u . = 2

a|lEl=l 2| =|. 2 - 2

Bl13|2| & L |3 = 2 s =

2 = - s | &3] 2 L 3 Z

[} i E o ‘qu S n © = s < =

= bt et L =1 B 4 S|l =l " =

<C 2 = o o 5 = i) @ B S = 3 -

= s | =| & = c |e = £ N x

S|lWwg] 3 z |5 x| ® |S| 3|8 = S 2 n 74

a | |9 B 212 a|l o> ]|% = o g = <

slslele |28 2l5|2]28 > AHEAMNE

ol S |E| B Cliie|l 3|6 a|E 8] C |C|C|[C|C|[&H]| o BlZ2 |G| S |FS | x

15 [198[45]0.989] 296 | 146 [0.234] 8 |1.72] 2.58 | 1.969 | 1.0[ 1.15] 0.75] 1.00 | 13.6]5.00 ] 1.20| 21.3 {0.23]0.348] 1.49 | NL

3.011.98[43]0.977f 593 293 [0.232f 7 |172] 516 | 1.392 | 1.0{1.15[0.80 [ 1.00| 9.0 | 5.00] 1.20{ 15.8 ] 0.17[0.252| 1.09 | NL

4511.98] 8 [0.966] 8.90 | 440 ]0.228] 16 [1.74| 7.77 [ 1134 [1.0]1.15] 0.85] 1.00 [ 17.7[ 0.30 [ 1.01] 18.3]0.19] 0.292| 1.28 | NL

6.0 ]1.98] 9 [0954]11.87] 5.87 ]0.226] 30 [ 1.74 | 10.38 [ 0.982 [ 1.0] 1.15] 0.95] 1.00 [ 32.2[ 0.56 [ 1.02] 33.3 | NA| NA | >1 | NL

751201[ 7 10.943[14.89| 7.39 [0.222( 4111.79] 13.07 | 0.875 | 1.0/ 1.05[ 1.00 [ 1.00 | 37.7] 0.12]1.01f 381 | NA[ NA | >1 | NL

9.0 ]2.01] 6 [0931]17.90] 8.90 ]0.219] 27 [1.79 15.75 | 0.797 [ 1.0] 1.05] 1.00 | 1.00 [ 22.6 [ 0.03 [ 1.00] 22.7 ] 0.25] 0.379] 1.73| NL

10.5]2.01[ 8 ]10.894[20.91] 1041 ]0.210f 39 | 1.80] 18.45] 0.736 | 1.0 1.05] 1.00] 1.00 ] 30.1]0.30 | 1.01] 30.8 [ NA| NA | >1 | NL

1201201 9 1 0.854[23.93] 11.93 [0.200 63 | 1.80 ] 21.15] 0.688 | 1.0 1.05] 1.00| 1.00 | 45.5] 0.56 | 1.02| 46.8 [ NA| NA | >1 | NL

135[12.01| 6 ]10.814[26.95] 13.45[0.191 36 | 1.81] 23.87 | 0.647 | 1.0[ 1.05] 1.00 | 1.00 | 24.5] 0.03 | 1.00| 24.6 [ 0.28] 0.427 | 2.24 | NL

15.012.01[ 9 10.774[29.97] 14.97 [ 0.181| 42 ] 2.01] 25.38 | 0.628 | 1.0 1.05] 1.00 | 1.00 | 27.7] 0.56 | 1.02| 28.7 [ 0.40] 0.595] 3.29 | NL

18.012.01| 6 ] 0.693 [ 36.01] 18.01 [ 0.162| 46 | 2.01] 28.42 | 0.593 | 1.0 1.05] 1.00 | 1.00 | 28.6] 0.03 | 1.00| 28.8 [ 0.40] 0.602 | 3.71 | NL

21.0] 2.01] 8 [0.613]42.05] 21.05]0.143]| 57 [ 2.01f 31.46 | 0.564 [ 1.0] 1.05] 1.00] 1.00 [ 33.7[ 0.30[ 1.01] 345 NA| NA | >1 | NL

24.012.01] 9 [0.552]48.09] 24.09 ]0.129] 56 | 2.01f 34.50 | 0.538 [ 1.0] 1.05] 1.00 ] 1.00 [ 31.7[ 0.56 [ 1.02] 32.7 | NA| NA | >1 | NL

27.0] 2.01] 56 | 0.528 | 54.13] 27.13 1 0.123]| 27 [ 2.01f 37.54 | 0.516 [ 1.0] 1.05] 1.00] 1.00 [ 14.6 [ 5.00 [ 1.20] 22.6 | 0.25] 0.375] 3.04 | NL
52

|L=Liquefiable INL=Non-Liquefiable |
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-4

Clay | Silt Sand , Gravel
I I

100 %H

% |

/s
ol 7
| I

I

|

50 /

® /

X //
m J

0 1
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

PERCENT FINER
\\
N\

‘ —+—150mdepth —8—3.00mdepth —&—4.50 mdepth —x%—6.00 mdepth —%— 7.50 m depth ‘

epth Gravel (%) Sand (%) Silt + Clay (%)
1.50 m depth 54 45
3.00 m depth 56 43
4.50 m depth 91 8
6.00 m depth 90 9
7.50 m depth 2 91 7
Fig.- 14
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-4

Clay | Silt | Sand I Gravel
) I i i !
100 F F£ =§
“‘1 |
9 | M=
| A
70 | /7
¥ 60 |
wl T
Z + 4
= 1 / j{
— 50 |
=z T
Ll T
w T
o 1
30 |
20 |
0 T il
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
——9.00 m depth —&— 10.50m depth —&— 12.00 m depth —»— 13.50 m depth —*— 15.00 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
9.00 m depth 93 6
10.50m depth 91 8
12.00 m depth 2 89 9
13.50 m depth 3 91 6
15.00 m depth 5 86 9
Fig.- 15
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EXP LOE E (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-4

Clay | Silt | Sand | Gravel
< r I > < rl i
100
1 ::==ﬁi§ i
T //
T /4
a0 | &
80 |
70 | ////
@ 60 | /
E T >< //
T8 X
= 50
=
Ilu ¥
g 1 //
£ 40 |
= {
30 |
20 |
10 | ﬂ: /
0 T il
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—— 18.00 m depth —&— 21.00 m depth —a&— 24.00 m depth —— 27.00 m depth —»— 29.55 m depth
epth Gravel (%) Sand (%) Silt + Clay (%)
18.00 m depth 4 90 6
21.00 m depth 2 90 8
24.00 m depth 2 89 9
27.00 m depth 1 43 56
29.55 m depth 2 46 52
Fig. - 16
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EXP LOE E (Project Ref.-13022215)

VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 4

0 10 20 30 40 50 60 70 80 90 100

0.00 +
1.50 *r
3.00 4

L N
450 + \
6.00 -
7.50 e

L =
9.00 <

[ \\
12.00 e et 3
13.50 — <"

L \\
15.00 | |
16.50 - \
18.00 k \'\
19.50 | \\
21.00 - } \f
2250 |
24.00 4

L -
25.50 -

i -
27.00 + <
28.50 M
30.00 \- »

— @& - OBSERVED —8— CORRECTED
Fig.- 17
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E)(P LOEE (Project Ref.-13022215)

Details of BH- 5
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E)(P LOEE (Project Ref.-13022215)

FIELD BORELOG Table No.- 13
METHOD OF BORING ~ Shell & Auger Method ORE HOLE NO. 5
CASING TYPE & DEPTH . SX-6,40m LOCATION - As per attached location plan
WATER TABLE ~15.0m ATE START +28-02-2013
DEPTH OF BORING 40 mb.gl ATE COMPLETION _|: 04-03-2013
” SAMPLES DETAILS SPT BLOWS COUNTS
wn
£ |DscreTioNoFsOL [ 3 2 | strama = "
z STRATA 2 g | THCK M) | QT 5 | 20 | 4 e :
& 3 L |lo v 5
a [ = o ©
0 SANDY SILT ML-CL 100 DS | 1 0.00-0.50 COLLECTED
UDST 1 [ 1.00-1.30 | COLLECITED
2.0 SPT] 1] 150195 | 3 | 5 [ & [ 11
30 SILTY SAND SM 3.00
.0 SPT] 2 | 300345 | 3 | 4 | 4 T 8
UDST 2 | 4.004.30 | COLLECITED
5.0 SPT| 3 | 450495 | 3 [ 4 [ 6 [ 10
6.0
70 SPT] 4 | 600645 | 4 | 7 [ 10 [ 17
UDS] 3 | 7.00-7.30 ] COLLECITED
8.0 SPT] 5| 750795 | 5 [ 8 [ 13 [ 21
9.0
100 SPT] 6 | 900945 | 6 [ 11 [ 15 | 26
UDST 4 | 10.00-10.30 ] COLLECITED
11.0 SPT| 7 [ 10501095 | 7 [ 13 [ 17 [ 30
12.0
13.0 SPT] 8 | 12001245 8 | 14 | 22 | 36
UDST 5 [ 13.00-13.30 | COLLECIED
14.0 SPT| 9 [ 13501395 | 5 [ 7 [ 10 [ 17
15.0
16.0 SPT] 10 15001545 | 1 | 19 [ 21 [ 40
FINE SAND SP 2400 'BST 6 [ 16.00-1630 ] SLIPPED
17.0
18.0
19.0 SPT] 11 18.00-1845 | 10 | 14 | 24 | 38
UDST 7 | 19.00-19:30 ] SLIPPED
20.0
21.0
20 SPT] 12 21.002145 [ 13 | 24 | 28 | 52
UDST 8 | 22.00-22.30 ] SLIPPED
23.0
24.0
250 SPT] 13| 24002445 | 15 | 21 | 27 | 48
UDST 9 | 25.00-25.30 ] SLIPPED
26.0
27.0
280 SPT] 14| 27.002745 | 18 | 27 | 29 | 56
UDST 10 | 28.00-28.30 ] SLIPPED
29.0
30.0
310 SILTY SAND SM 5.00 SPT[ 15[ 30.00-3045 [ 26 [ 28 [ 29 [ 57
UDST 11 [ 31.00-31.30 | SLIPPED
32.0
33.0
340 SPTI 16 33.00-3345 [ 13 [ 26 [ 34 | 60
350 SANDY SILT ML-CL 300 UDST 12 | 34.00-34.30 | COLLECIED
36.0
370 SPT] 17 ] 36.003645 | 156 | 32 | 38 [ 70
SILTY SAND M 20 rOBST o T 37005730 1 SLIPPED
38.0
390 SANDY SILT ML-CL 2.00
40.0 SPT] 19 ] 39554000 | 19 | 39 | 46 | 85
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EXPLORE

(Project Ref.-13022215)

LABORATORY TEST RESULTS OF BH-5 Table No.-14
SPT VALUE GRAINSIZE | ATTERBERG — SHEAR
! N ANALYSIS LIMIT “ = PARAMETER
i) = =z —~l =] x Z| & £ =
Slz| 3 ||| 82 |2|=|_|=|2|E|8|e|z|5|8] 2|8
W a m o lg|lgs|ls|=lElZ]|2|a| o Z Q
@ [ o S| B = Ql1TlI& | =|=s|1ZS| =8| 2 elo |z
== z g o g - |2]lala|5|2|E alu |k slz|x=®
o = ol o > o 5
wo| & & 2| x w slz|+|elelElSI=|E Y5
S| & |88 © Elols|lale|le|2|8(g|2|2]|3
*1=3| | = = 3| =
DS | 0.00-0.50 | COLLECTED| SANDYSILT M 1141158
1.00 (MLCL)

UDS]_1.00-1.30 | COLLECTED [ 8118 1.70[1.55] 9.36 [2.66] 0.00] 31
2.00/SPT] 150-1.95 | 11 | 16 [ 8217 [ 32
SILTY SAND NON

3.00 (SM) PLASTIC
400 SPT] 300345 ] 8 | 10 [8019 [ 30

UDS]_4.00-4.30 | COLLECTED T]90]9 1.71]1.55[10.29]2.65[ 0.00] 30
5.00/SPT| 450495 | 10 | 11 11 88 11 [ 30
6.00
700 SPT] 6.00-645 | 17 [ 17 119019 [ 3

UDS | 7.00-7.30 | COLLECTED T]o1]8 1.73[1.57]10.47]2.65] 0.00] 31
8.00/'SPT| 7.50-7.95 | 21 | 19 1 193] 6 [ 33
9.00

SPT] 000945 | 26 | 22 1191 4 [ 34
10.00

UDS ] 10.00-10.30  COLLECTED 11936 1.76] 1.58] 11.54]2.65] 0.00] 33
11.00] SPT | 10.50-10.95 | 30 | 24 11901 9 [ 34
12.00
13,00 2P 12001245 36 T 27 1191 4 [ 34

UDS] 13.00-13.30 [ COLLECTED 11927 179]1.60]11.80]2.65] 0.00] 31
14.00 SPT| 13501395 | 17 | 12 119217 [ 31
15.00

SPT] 15.00-1545 ] 40 | 22 119118 [ 33
16.00 FINE SAND NON
1700 UDS] 16.00-16.30 | SLIPPED (SP) -1 PLASTIC [ - T -1 I
18.00

SPT] 18.00-1845 ] 38 |20 119316 [ 33
19.00

UDST 19.00-19.30 | _SLIPPED | -1 -1 I
20.00
21.00

SPT] 21.00-2145 ] 52 | 24 119118 [ 34
22.00

UDST 22.00-22.30 |__SLIPPED | -1 -1 I
23.00
24.00

SPT] 24.00-2445 ] 48 | 23 119217 [ 34
25.00

UDST 25.00-25.30 |__SLIPPED | -1 -1 I
26.00
27.00

SPT] 27.00-2745 ] 56 | 24 119118 [ 34
28.00

UDST 28.00-28.30 | _SLIPPED | -1 -1 I
29.0
30.0

SPT] 30.00-3045 | 57 | 24 | SILTY SAND 1 [ 75 ] 24 NON [ 34
31.00 (SM) PLASTIC

UDST 31.00-31.30 |__SLIPPED | -1 -1 I
32.00
33.00
200 SPT | 33.00-3345 ] 60 | 24 T 1451 54 I

UDS] 34.00-34.30 | COLLECTED| SANDY SILT T ] 44155 | 26] 20] 6 [181]1.60]12.91]2.66] 025] 30
35.00 (ML-CL)
36.00

SPT] 36.00-3645 | 70 |27 1T 7412 [ 34
37.00 SILTY SAND NON

UDS] 37.00-37.30 | SLIPPED (SM) 1 PLASTIC -1 -1 I
38.00
39.00 SANDY SILT

(ML-CL)

40.00]"SPT [ 39.55-40.00 | 85 | 30 1 [ 46 ] 53 I
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E)(P LOEE (Project Ref.-13022215)

Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 15

Borehole No. |5

Borehole dia. [150 mm
Water Table (in m below EGL) 115.00

= —

T = =

E|E|=| o s |- &% L =

wl 3|2 & &[> e =3 =

o= g = |6 | 5 [ = =

= = = - g — o = —~ © <

Slzld|la | sl8" ] 2 |= s T 3

= & w =] B = I = | > - =

< (2|l |2|52| 8|<|ZE|5E 3 -

= s || & |32 2= £ 2 x
=) L o y) = o x| ?® = o} o = S @ " 4
[ S B S l1za|l o |>]|ao z =z o $ = <
Sllgle |88 2lE2l=2 5 c|E|E 5
SISIE| & clisla|S||E s Cv [Ce| Cs| Cr|Cs | | @ Bl Z |G &) FS. | &
1511971 1710989] 296 | 146 ]0.235) 11| 1.70] 255 980 {1.0/1.15]0.75]1.00f 18.8]3.01]1.06] 22.9 ]10.26] 0.384 | 1.63 | NL
30 119711910977 5911 291 10.232] 8 [170] 5.10 400 f1.0/1.15]0.80] 1.00f 10.3]3.43]1.07] 14.5]0.15] 0.232 | 1.00 | NL
4511971 11]10.966] 8.86 | 4.36 {0.230] 10 | 1.7 7.67 14211001151 0.85]1.00f11.2]1.21{1.03] 12.7 1 0.14] 0.206 | 0.90

6.0 1971 9 10.954 81 581 0227 17 | 1.7 023 1098911.0]1.15[0.95]1.00]18.4]0.56]1.02] 19.2 10.21] 0.309 | 1.36 L
7511981 6 10.943[14.77] 7.27 |0.224] 21 ] 1.73 2.83 1088311.0]1.05{1.00]1.00]195]/0.03]1.00] 19.6 {0.21]0.316 | 14 L
9.0 1981 4 1093 73| 8.73 10.221 26 | 1.73 542 10805]1.0]1.05{1.00]1.00]22.0]0.00]1.00] 22.0{0.24] 0.363 | 1.64 L
051981 9 [0.894]20.71] 10.21]0.212] 30 | 1.7 8.06 10744 11.0]1.05{1.00]1.00]234]0.56]1.02] 24.410.28] 0.421] 1.98 L
2.01198] 4 [0.854]23.68] 11.68 |0.202] 36 | 1.7 20.70 1 0.695]110]105]100f1.00]26.3]10.00]1.00] 26.3]0.32] 0479 | 2.37 L
351200] 7 [0814]26.67] 13.1710.193] 17 [ 1.79] 2339 | 0.654 [1.0{1.05]1.00]1.00f11.7]0.12{1.01] 11.9]10.13] 0.195 | 1.01 L
5.012.00 0.774129.67] 14.67 {0.183] 40 | 2.00| 24.88 | 0.634]1.0]1.05]1.00f1.00]26.6]0.30]1.01] 27.3]0.35] 0.519 | 2.83 L
8.012.00 0.693 13566 17.66 ] 0.164] 38 | 2.00] 27.87 ] 0599 | 1.0]1.05[/1.00]1.00/2390.03]1.00] 24.0 | 0.27] 0.411 | 2.51 L
21.0] 2.00 0.613141.65] 20.65]0.145] 52 12.00f 30.86 | 0.569 |1 1.0]1.05]1.00]1.00]31.1/0.30]1.01] 31.8 [ NA| NA >1 L
24.0] 2.00 0.552147.64] 23.64 1 0.130] 48 1 2.00| 3385 | 0544 11.0]1.05]100f1.00]274]0.12]1.01] 27.7]0.36] 0.541 ] 4.16 L
27.0]2.00] 8 ]10.528153.63] 26.63 ]0.124] 56 | 2.00] 36.84 | 0.52 011.05[{1.00]1.00]306[0.30]1.01] 31.3 | NA A > L
30.0]2.00] 24 ] 0.504 ] 59.62] 29.62 ] 0.119] 57 | 2.00] 39.83 | 0.50 011.05[{1.00]1.00]300f418]1.11] 374 [ NA A > L
33.0]2.00] 54 10.500]65.61] 32.61]0.118] 60 | 2.00] 42.82 | 0.483 |1.0]1.05{1.00]1.00]30.4{5.00]1.20] 41.5 | NA A > L
36.0]2.00] 25]0.500 ] 71.62] 35.62 ]0.118] 70 | 2.00] 45.83 | 0.467 | 1.0]1.05{1.00]1.00]343{4.29]1.12] 42.6 [ NA A > L
39.6]12.00] 5310.500]78.72] 39.17 10.118] 85 ] 2.00] 49.38 | 0.450 ] 1.0]1.05f 1.00] 1.00]40.2{5.00] 1.20] 53.2 [ NA A > L

|L=Liquefiable INL=Non-Liquefiable |
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E)(P LOEE (Project Ref.-13022215)

PERCENT FINER

PARTICLE SIZE DISTRIBUTION CURVE for BH-5

Clay | Silt | Sand I Gravel
[ | J

100 T —
—

[

I

60 | |
|

/

" p|

m w
=

0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

I\ "\

—— 1.50 m depth —®—3.00 m depth —#&—4.50 m depth ——6.00 m depth —%—7.50 m depth —e&—9.00 m depth

epth Gravel (%) Sand (%) Silt + Clay (%)
.50 m depth 8 7
3.00 m depth 80 9
.50 m depth 88 1
.00 m depth 90 9
7.50 m depth 93
9.00 m depth 95
Fig.- 18
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-5

Clay | Silt | Sand |Grave|
I l |
100 + ‘L —./-,————‘.
0 | /
80 | l
¢ 60 |
m ¥
Z 1 l
[TH ¥
e 20| ,
Z ¥
iy i
4 40 +
w T
o + ‘
30 I
2 |
10 | E
0 1 n|
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—&— 10.50m depth —4— 12.00 m depth —»— 13.50 m depth
—— 15.00 m depth —=e— 18.00 m depth ——21.00 m depth
[ Denth Gravel (%) S (%) Silt + Clay (%)
m dep 9 9
12.00 m depth 9 4
13.50 m depth 92 7
15.00 m depth 91 3
18.00 m depth 93
21.00 m depth 91
Fig. - 19
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E)(P LOEE (Project Ref.-13022215)

PARTICLE SIZE DISTRIBUTION CURVE for BH-5

Clay | Silt I Sand Gravel

-

100 ¢

N

PERCENT FINER

(S

0 1 il
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

——24.00 m depth —@—27.00 m depth —&— 30.00 m depth ——33.00 m depth —%— 36.00 m depth —e— 39.55 m depth

epnth Gravel (%) Sand (%) Silt + Clay (%)
24.00 m depth 92 7_
27.00 m depth 91 8
30.00 m depth /5 24
33.00 m depth 45 54
36.00 m depth 74 25
39.55 m depth 46 53
Fig. - 20
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E)(P LOEE (Project Ref.-13022215)

VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 5
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Fig.- 21
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EXP LOE E (Project Ref.-13022215)

Details of BH-6
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EXPLORE

(Project Ref.-13022215)

FIELD BORELOG | Table No.- 16
METHOD OF BORING . Shell & Auger Method BORE HOLE NO. 6
CASING TYPE & DEPTH . SX-6,20m LOCATION . As per attached location plan
WATER TABLE 15.0m DATE START 26022013
DEPTH OF BORING . 20mbagl DATE COMPLETION _|: 27-02-2013
SAVPLES DETAILS ___[SPT BLOWS COUNTS
2 | £
£ | DISCRPTIONOF | S | B TalTCR?T(ﬁ\ﬂ E R R Y
T | SOILSTRATA s |4 o & ::
iv ¢ o @ 2
=) = = = HICJ
ps | 1 | 000050 | COLLECTED
Lo smoYsLT | micL 1.00
ubs| 1 | 1.00-1.30 | COLLECTED
2.0 spT| 1| 150195 [4]4a[5]0
SILTY SAND sM 3.00
3.0
sPT| 2 | 300345 [3]|4[4a]s
4.0
uDS 400430 | COLLECTED
5.0 SPT| 3 | 450495 |6 |6[7][13
6.0
sPT| 4 | 6.00-645 |9 ]10[12]22
7.0
uDS 7.007.30 | COLLECTED
8.0 SPT 750795 | 4 | 9 [13]22
9.0
sPT| 6 | 9.00-945 |6 [14]13]27
10.0
uDS 10.00-10.30 | COLLECTED
11.0 SPT 10.50-10.95 | 6 [ 12| 16] 28
12.0|  FINE SAND
wirH GRaveL | S 0% sPT| 8 | 12.00-12.45 | 7 [12] 21 33
13.0
uDS 13.00-13.30 | COLLECTED
14.0 sPT| 9 | 13.50-13.95 [21] 293665
15.0
SPT | 10 | 15.00-15.45 | 9 [ o | 12 21
16.0
ubs| 6 [ 16.00-16.30 |  SLIPPED
17.0
18.0
sPT | 11| 18.00-18.45 | 8 [ 10] 20| 30
19.0
uDS 19.00-19.30 SLIPPED
20.0 SPT| 10 | 19.55-20.00 [ 11] 26 [ 32 58
ABBREVIATION:- SPT - Standard Penetration Test UDS- Undisturbed Sample
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EXP LOE E (Project Ref.-13022215)

LABORATORY TEST RESULTS OF BH-6 Table No.-17
SPT VALUE GRAIN SIZE SHEAR
N ANALYsls | ATTERBERG S PARAMETER
s w T e e | 2| .
o = L = £ = ©=
O = o o = = E =
w = = £ ~
S |z| = E= |2 _lslelzslz|s| 28| €] 8
m = W a a F< o | = Sl zlelal 5 o o = =
@ | & oS o | & z K ofl&lsl=|elE|Z|1Z2]|2]| 2 |e] : (3]
T i > o x = wlTls (<=2 = w | 5 =] [ © "4
= -~ T o o Q 0 — 1w} o = e = S (=) o (&) L
e N o i o @0 >|lz|9|Z|le]lolx|=]| 2P |m 8 s
Sle| 8 (8|8 ° sls|c|SlzlEl3lg]le|5| gl w«
©l o © Zlel2|2|(=]|°|8 £ o
DS | 000050 [COLLECTED| saNDY SILT % 1| 4] 53
100 (ML-CL)
ups| 100130 [coLLECTED 1.72] 156 | 995 [ 266 0.00 [ 30
200[ sPT| 150195 | 9 [ 13 31
SILTY SAND NON
3,00 (SM) PLASTIC
spT| 300345 | 8 | 10 30
4.00
ups| 400430 [coLLECTED 1.75] 159 | 1047 [ 2.65| 0.00 [ 30
500[ SPT| 450495 | 13 [ 14 1]91] 8 31
6.00
spT| 600645 | 22 22 1| 89 ] 10 33
7.00
ups | 7.00-7.30 | COLLECTED 2 |9 8 1.79] 162] 1059 [ 2.65[ 0.00 [ 32
800 SPT| 750795 | 22 [ 20 2 [n]s 33
9.0
spT| 9.00045 | 27 [ 23 2 | o] 7 34
10.00
uDs | 10.00-10.30 | COLLECTED 2 | o] 7 180] 1.62] 11.39 [ 2.65[ 0.00 [ 32
11.00] SPT [ 10.50-10.95 [ 28 | 23 2 [o0] 8 34
FINE SAND
12.00 WITH NON
SPT| 12.00-1245 | 33 [ 25 | GRAVEL 2 [o1| 7| PLASTIC 34
13.00 (5P)
uDs | 13.00-13.30 [ COLLECTED 2 89| 9 181] 162] 11.88] 265 [ 000 [ 32
14.00] SPT [ 13.50-13.95 | 65 | 47 HEIE 34
15.00
sPT| 15.00-1545 | 21 [ 15 1| 89 ] 10 [ 31
16.00
uDS | 16.00-16.30 [ SLIPPED N T-T-T7T-1-T-
17.00
18.00
sPT| 18.00-1845 | 30 [ 18 2 |9 8 32
19.00
UDS | 19.00-19.30 | SLIPPED -] - - - -] - }
2000] SPT| 195520.00 | 58 [ 27 2 (8] 6 34
Page - 55

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




EXP LOE E (Project Ref.-13022215)

Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 18|
Borehole No. 6
Borehole dia. 150 mm
Water Table (in m below EGL) |15.00
= = =
e |Elsl e | = é = 8
gl g B |© =3 =2
o = £ = |6 ] o (= =
zlS|=12|5|s3]| € R =
2lElE|la | S|l 2|2 ]|B0 kS
<t % = o 2 5 = 5} o | & S & 8 “
= s |2 =| = = 2 1= 1= > ~
=] w1l g 2 |sx| ® |S| @ | = ] 2 i 4
o oo @ S |lzwn|l o |>|0 |z=z o S = <
Z e x T [29 5 || x|S0 = = | € x =
O S| % C |G sl alSs| &[5 8| G Ce| G| G| Cs | & o B Z | G O FS |
15 11981290989 | 296 | 146 |0.234] 9 | 1.72| 258 | 1.969 [ 1.0] 1.15( 0.75| 1.00 | 15.3| 4.64 | 1.15] 22.2 | 0.24] 0.366 | 1.56 | NL
30 [1.98]35]10977| 593 | 293 (0.231| 8 | 1.72| 516 | 1.392[1.0| 1.15] 0.80 | 1.00 [ 10.2| 5.00| 1.20| 17.3 [ 0.18] 0.276 | 1.19 | NL
45 1199 8 [ 0966 | 891 | 4.41 10228 13| 1.75( 7.79 | 1.133 (1.0 1.15( 0.85| 1.00 | 14.4] 0.30| 1.01| 14.9]0.16] 0.238 | 1.04 | NL
6.0 [1.99] 10 0.954[11.90| 590 |0.225( 22 | 1.75| 10.41 | 0.980 [ 1.0| 1.15] 0.95] 1.00 [ 23.6| 0.87 | 1.02| 24.9 [ 0.29] 0.436 | 1.94 | NL
75 [201] 6 | 0943|1491 7.41 [0.222| 22| 1.79| 13.10 | 0.874 [ 1.0| 1.05| 1.00 | 1.00 { 20.2| 0.03 | 1.00| 20.3 [ 0.22] 0.329 | 1.48 | NL
90 [201] 7 |0931(17.92| 892 [0.219| 27 | 1.79| 15.78 | 0.796 [ 1.0| 1.05| 1.00 | 1.00 [ 22.6 | 0.12| 1.01| 22.9 [ 0.26] 0.383 | 1.75 | NL
105 12.01| 8 | 0.89420.93] 10.43|0.210| 28 | 1.80 | 18.48 ] 0.736 | 1.0] 1.05] 1.00 | 1.00 | 21.6] 0.30| 1.01] 22.2 | 0.24| 0.367 | 1.75 | NL
120 1 2.01| 7 | 0.85423.94] 11.9410.200| 33 | 1.80 | 21.18 ] 0.687 | 1.0] 1.05] 1.00 [ 1.00 | 23.8] 0.12] 1.01] 24.1 | 0.28| 0.414 | 2.07 | NL
135 1201| 8 | 0.814]26.95]| 13.45[0.191| 65| 1.81 ] 23.90 | 0.647 | 1.0] 1.05] 1.00 | 1.00 | 4421 0.30]| 1.01] 45.0 | NA | NA >1 | NL
15.0 1 201| 10| 0.774 | 29.96 | 14.96 [ 0.181| 21 | 2.01 | 25.41 ) 0.627 | 1.0] 1.05] 1.00 [ 1.00 | 13.8] 0.87 | 1.02] 15.0 | 0.16| 0.240 | 1.32 | NL
18.0 1 201 | 8 | 0.693 | 35.98] 17.98 | 0.162| 30 | 2.01 | 28.43 ] 0.593 | 1.0] 1.05] 1.00 | 1.00 | 18.7] 0.30] 1.01] 19.2 | 0.21| 0.309 | 1.90 | NL
196 |1 201 | 6 | 0.65239.09] 19.54 | 0.153| 58 | 2.01 | 29.99 | 0.577 | 1.0] 1.05] 1.00 | 1.00 | 35.2] 0.03] 1.00| 354 | NA [ NA >1 | NL
L=Liquefiable NL=Non-Liquefiable
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PARTICLE SIZE DISTRIBUTION CURVE for BH-6

Clay | Silt Sand , Gravel
I |
100 T ’L _./i"’_-#
1 T/
1 %Ak”‘*‘/ y
90 | /
T —,‘—_/‘
| lr/*”
80 | /
70 |
g 60 |
4 T
= |
2 50 |
[11] T
(&) T
E 1 //
a 40 +
1 Ul }
30 o
20 |
10 | =
O .
0.001 0.01 0.1 1 10
GRAIN SIZE IN mm
—— 1.50 mdepth —8—3.00 mdepth —&—4.50mdepth —>—6.00mdepth —*—7.50 m depth
Depth Gravel (%) Sand (%) Silt + Clay (%)
1.50 m depth 1 70 29
3.00 m depth 1 64 35
4.50 m depth 1 91 8
6.00 m depth 1 89 10
7.50 m depth 2 92 6
Fig. - 22
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PARTICLE SIZE DISTRIBUTION CURVE for BH-6

Clay | Silt I Sand | Gravel

f

100

A

%0 |

80 s> T

70 |

:z i
/

40 |

NI

PERCENT FINER

30 |

20 |

10 |

0.001 0.01 0.1 1 10
GRAIN SIZE IN mm

——9.00 mdepth —#—10.50mdepth —&—12.00 m depth —¢—13.50m depth —*%—15.00 m depth

Depth Gravel (%) Sand (%) Silt + Clay (%)
9.00 m depth 2 91 7
10.50m depth 2 90 8
12.00 m depth 2 91 7
13.50 m depth 2 90 8
15.00 m depth 1 89 10

Fig. - 23
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PARTICLE SIZE DISTRIBUTION CURVE for BH-6

Clay |

Silt

| Sand Gravel

100 T

% |

|

I

o ,/i//j
—/ i

80 |

7 |

60 |

50 |

PERCENT FINER

40 |

30 |

20 |

10 |

0.001

0.01

0.1 1 10
GRAIN SIZE IN mm

—&— 18.00 m depth

—&— 19.55 m depth

Depth

Gravel (%)

Sand (%) Silt + Clay (%)

18.00 m depth

2

90 8

19.55 m depth

2

89 6

Fig.- 24
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VARIATION OF SPT 'N' WITH DEPTH for B.H.No.- 6

0 10 20 30 40 50 60 70 80 90 100

0.00

1.50 L

—

3.00

4.50

6.00

7.50

9.00

10.50

12.00 >

=~ ~
r ~
13.50 S e
15.00 <
I \
16.50
18.00 N

: \ =< -
~
19.50 e

—e— OBSERVED —&— CORRECTED

\\
\

\
\

~

Fig.- 25
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Deftails of BH-7
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FIELD BORELOG | Table No.-19
METHOD OF BORING . Shell & Auger Method BORE HOLE NO. 7
CASING TYPE & DEPTH : SX-6,10m LOCATION . As per attached location plan
WATER TABLE " Not Encountered DATE START :19-03-2013
DEPTH OF BORING “10mbgl DATE COMPLETION _ |: 19-03-2013
SAMPLES DETAILS SPT BLOWS COUNTY
7] E
2 |2 =
£ | DiscrPTIONOF | B | B TﬁEfTA 5 |
= | SOILSTRATA 3 |4« -(m) g 153045 [N| £
& @ w — <
i & o »n E
a = = = x
ps | 1 | 0.00-0.50 COLLECTED
1.0
ubs| 1 | 1.00-1.30 COLLECTED
SILTY SAND SM 3.00
20 SPT| 1| 150195 | 2| 2|46
3.0
SPT| 2 | 300345 |4 |6]| 8|14
4.0
ubps| 2 | 4.00-4.30 COLLECTED
50 SPT| 3 | 450495 | 5| 9|12]21
6.0
FINE SAND o . SPT| 4 | 600645 |4 |8 [14]22
WITH GRAVEL :
7.0
ubps| 3 | 7.00-7.30 COLLECTED
8.0 SPT| 5 | 750795 |6 [10]15|25
9.0
10.0 SPT| 6 | 9551000 | 8 | 12|16 28

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)
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LABORATORY TEST RESULTS OF BH-7 Table No.-20
SPT VALUE GRAINSIZE | ATTERBERG SHEAR
N ANALYSIS LIMIT = PARAMETER
. Lo ) =
3 |2| & & HEIERE
z |w = z S| =<|=|E| B N z
slg| 2 - | 25 (2| |=|=|E|B|5|e|5|8|¢5]|¢
o = w Q m o » ol|l=l=lZzlelz| 2| a2 &) O £ o
@ & o w [ e b el PSS - = I I i = w [ (&) v
T = T e &) [SRZ) = AT Il BT =N T Bl = 4 o ' s

w = o D o S = ol % | o =
Q. o o L o i} S| =] © o|loc | x| = 2 i} o ks
a |z o 2| = a sl1s|r|18lelel3lze|le|S5| & | w

°|8 C Slel2|2|®|°]¢g | g
®Jla | & g | =z

DS | 0.00-0.50 [COLLECTED 1165 34
1,00

UDS| 100-130 |COLLECTED| o v cp\ 1|63 36|24 20 4 [170[156| 889 [266] 0.00 [ 30

(SM)
s00| SPT| 150195 | 6 | 9 1] 59| 40 30
3.00

SPT | 300345 | 14 | 17 2 | 87| 11 32
4.00

UDS| 4.00-430 |COLLECTED 28] 9 1741159 959 | 265 0.00 | 31
soo| SPT| 450495 | 21| 23 19| 7 34
6.00

SPT| 600645 | 22| 22 FINVE”ﬁND 2926 33

GRAVEL NON-PLASTIC
7.00 (SP)

UDS | 7.00-7.30 |COLLECTED 2 |9 8 1.79] 161 11.05| 266 | 0.00 | 32
goo| SPT| 750795 | 25 | 23 2926 34
9.00
10.00| SPT| 9551000 | 28 | 23 19| 7 34
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| Computation of Liquefaction Potential at Different Depth by Idriss and Seed Method Table No.- 21
Borehole No. 7
Borehole dia. 150 mm
_ ]
o Q
u <
£ =
— i~ =
= 17} =z
z = Sle 2
Ll 3| = = © S| = - =
o = = = © o © =
<C 2 = o Ee) =3 3 ) B S 8 “
= @ o = =) 2 o = > x
2 wils| g || » || @ o 3 2 N v
o o |o a o > o > | a > [&] S = <
S| 5|2 E|E|l=|2|&|2]|= 5 s |&| & =
c|F|IE| B | e|E |3 |a[d] & [Ch[C|C|C|[C|[H|a|Bl=2[S]| S ||k
1.5 | 197400989 296 | 1.460.234] 6 | 1.70 | 2.55 | 1.980| 1.0 1.15] 0.75 | 1.00 | 10.2| 5.00 | 1.20 | 17.3 [ 0.18| 0.276 | 1.18| NL
30 [197]11]0977]592]292]0.232| 14| 1.70| 5.10 |1.400| 1.0 1.15] 0.80| 1.00| 18.0 | 1.21] 1.03] 19.7 | 0.21] 0.318 [ 1.37| NL
45 (199 7 10966 | 891 |4.41]0.228) 21 | 1.74| 7.71 |1.139| 1.0| 1.15] 0.85 | 1.00 | 23.4 | 0.12| 1.01| 23.7 | 0.27| 0.402 | 1.76| NL
6.0 [199] 6 | 0.954]11.89|5.89]0.225( 22 | 1.74110.32]10.984| 1.0 1.15] 0.95] 1.00| 23.7 [ 0.03 ] 1.00| 23.8 | 0.27| 0.405 | 1.80| NL
75 [201] 6 | 0.943]114.90| 7.40]0.222| 25 | 1.7913.01]0.877| 1.0 1.05] 1.00 | 1.00| 23.0 [ 0.03 ] 1.00| 23.2 | 0.26| 0.389 [ 1.75] NL
955 (2.01] 7 |10.919[19.01| 946]0.216| 28 | 1.79 | 16.67|0.774| 1.0 1.05 1.00 [ 1.00 | 22.8 | 0.12| 1.01| 23.1 [ 0.26 | 0.387 | 1.79| NL
L=Liquefiable NL=Non-Liquefiable
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PARTICLE SIZE DISTRIBUTION CURVE for BH-7

Clay |

Silt

Sand

Gravel

100 T

—~7

A\
\
| W}

=4

OEE

) A\

i

0.001

0.01

0.1

GRAIN SIZE IN mm

10

—— 1.50 m depth —8—3.00 m depth —&—4.50 m depth —¢—6.00 m depth —%—7.50 m depth —@— 9.55 m depth

Depth Gravel (%) Sand (%) Silt + Clay (%)
1.50 m depth 1 59 40
3.00 m depth 2 87 11
4.50 m depth 1 92 7
6.00 m depth 2 92 6
7.50 m depth 2 92 6
9.55 m depth 1 92 7
Fig. - 26
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VARIATION OF SPT 'N' WITH DEPTH for B.H.No.-7

0 10 20 30 40 50 60 70 80 90 100
0.00
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Fig.- 27
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Details of
DCPT
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Title : BORE LOG of DCPT Table No.:22

D.C.P. Test No. - 01 Weight of hammer 1 63.5 Kg.

Location : As per site plan Height of drop :75¢cm

Cone dia. : 50mm Depth of Test :10.00 m

Depth in m No. of blows per 30 Depth in m No. of blows per 30
cm cm
0.00-0.30 7 5.10-5.40 15
0.30-0.60 8 5.40-5.70 14
0.60-0.90 6 5.70-6.00 14
0.90-1.20 5 6.00-6.30 12
1.20-1.50 8 6.30-6.60 13
1.50-1.80 8 6.60-6.90 21
1.80-2.10 11 6.90-7.20 20
2.10-2.40 11 7.20-7.50 16
2.40-2.70 12 7.50-7.80 17
2.70-3.00 13 7.80-8.10 22
3.00-3.30 14 8.10-8.40 16
3.30-3.60 13 8.40-8.70 23
3.60-3.90 22 8.70-9.00 19
3.90-4.20 16 9.00-9.30 24
4.20-4.50 19 9.30-9.60 20
4.50-4.80 17 9.60-9.90 14
4.80-5.10 16
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Title : BORE LOG of DCPT Table No.:23

D.C.P. Test No. : 02 Weight of hammer 1 63.5 Kg.

Location : As per site plan Height of drop :75¢cm

Cone dia : 50mm Depth of Test :10.00 m

Depth in m No. of blows per 30 Depth in m No. of blows per 30
cm cm
0.00-0.30 8 5.10-5.40 14
0.30-0.60 8 5.40-5.70 15
0.60-0.90 6 5.70-6.00 17
0.90-1.20 8 6.00-6.30 21
1.20-1.50 9 6.30-6.60 31
1.50-1.80 8 6.60-6.90 23
1.80-2.10 13 6.90-7.20 19
2.10-2.40 12 7.20-7.50 21
2.40-2.70 1" 7.50-7.80 19
2.70-3.00 1" 7.80-8.10 15
3.00-3.30 10 8.10-8.40 15
3.30-3.60 13 8.40-8.70 14
3.60-3.90 14 8.70-9.00 15
3.90-4.20 12 9.00-9.30 18
4.20-4.50 12 9.30-9.60 22
4.50-4.80 14 9.60-9.90 23
4.80-5.10 14
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Annexure-A
Bearing Capacity Calculations
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ANNEXURE-A
Bearing Capacity calculations
(as per 1S:6403-1981 )

Shear Failure Criterion :

Founding level below EGL =1.5m 14.5m 15.0m 15.5m 16.0m
Average Bulk density [t/m3] =1.72 1.78 1.79 1.80 1.82
Average Dry density [t/m3] =1.57 1.60 1.61 1.61 1.62
C[t/imq =0 0 0 0 0
¢[in degree] =30 31 31 31 31
¢ = 30° = Nc =18.08 Nq =8.88 N, =8.73
d= 31° = Nc =21.63 Nq =11.77 N, =13.12
Depth of Thickness of| Type of Width /size | Sc | Sq | Sy | dc | dq= |q netsafe
Foundation Foundation | Foundation dy [int/m2
Isolated 2.0m 111 ] 1 11259]1.130| 10.48
150 m Strip 2.5m 111 1 11208]1.104| 10.93
(Buildings without 1.50m Isolated 25mX25m [13]12]0.8|1.208|1.104 | 11.74
basement Floor) Square | 3.0mX3.0m [1.3/1.2[0.8|1.173]1.086 | 12.10
Raft 25.0m X25.0m|1.3]12]0.8]1.021]1.010 | 33.50
1450 m 25.0mX25.0m | 1.3 | 1.2 0.8 |1.021 | 1.011 | 50.96
Buildings with three]  1.50m Raft 30.0mX30.0m | 1.3 |12 |08 |1.018|1.009 | 58.72
basement Floors) 35.0mX35.0m | 1.3 | 1.2 0.8 | 1.015 | 1.008 | 66.49
15.00 m 25.0mX25.0m | 1.3 1.2 08| 1.021 | 1.011| 51.25
Buildings with three] ~ 1.50m Raft 30.0mX30.0m | 1.3 /1.2 |0.8|1.018 | 1.009 | 59.05
basement floors) 35.0mX35.0m | 1.3 1.2 |0.8|1.015|1.008 | 66.87
15.50 m 25.0mX25.0m | 1.3 1.2 08| 1.021 |1.011| 51.53
Buildings with three] ~ 1.50m Raft 30.0mX30.0m | 1.3 1.2 |0.8|1.018|1.009 | 59.38
basement Floors) 35.0mX35.0m | 1.3 | 1.2 0.8 | 1.015 | 1.008 | 67.24
16.00 m 25.0mX25.0m | 1.3 | 1.2 0.8 |1.021 | 1.011 | 52.10
Buildings with three] ~ 1.50m Raft 30.0mX30.0m | 1.3 1.2 |0.8|1.018|1.009 | 60.04
basement Floors) 35.0mX35.0m | 1.3 | 1.2 0.8 | 1.015 | 1.008 | 67.99

The values of bearing capacity factors Nc, Ng and Ny have been arrived at from
table 1 of IS: 6403-1981.

The depth factors dc, dq and dy have been calculated as per clause 5.1.2.2 of
1S:6403-1981.

The Shape factors Sc, Sq, Sy have taken from clause 5.1.2.1 of IS: 6403-1981.

Il. Settlement Criterion:

As per 1S:8009-1976 Part-I- Clause-9.1.4, the settlement for different width has been
computed. For the allowable total settlement of 50mm for isolated footing and 75mm
for raft as per 1S:1904) the safe bearing pressure is computed and tabulated as
following:
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Depth of foundation Type of Size of N [Settlementin mm fora| Safe Bearing
below EGL Foundation | Foundation |Value| pressure of 10t/m? | Pressure (t/m?)

150 m Strip 2.5m 13 39.00 12.82
(Buildings without Isolated 2.5mx2.5m | 13 34.53 14.48
basement Floor) Square | 30mx3.0m | 13 38.08 13.13
Raft 25.0mx25.0m| 15 36.06 20.80
1450 m 25.0mx25.0m 15.94 47.06
(Buildings with Raft 30.0mX30.0m| 22 16.51 45.42
basement Floors) 35.0mX35.0m 16.70 44.90
15.00m 25.0mX25.0m 15.74 47.64
(Buildings with three Raft 30.0mX30.0m| 22 16.32 45.96
basement Floors) 35.0mX35.0m 16.51 45.42
1550 m 25.0mx25.0m 14.26 52.61
(Buildings with three Raft 30.0mX30.0m| 23 14.61 51.34
basement Floors) 35.0mX35.0m 14.78 50.73
16.00m 25.0mx25.0m 14.08 53.27
(Buildings with three Raft 30.0mX30.0m| 23 14.43 51.97
basement Floors) 35.0mX35.0m 1461 51.34

Hence the values of allowable bearing capacity as chosen the minimum value
(rounded off) from above two criterions are as following:

Depth of Foundation | Thickness of Type of Size of q allowable
Foundation Foundation Foundation (t/m?)
Isolated 2.0m 10.50
150m Strip 2.5m 11.00
(Buildings without 1.50m Isolated 2.5m X 2.5m 11.75
basement Floor) Square 3.0m X 3.0m 12.00
Raft 25.0m X 25.0m 20.75
1450 m 25.0mX25.0m 47.00
(Buildings with three 1.50m Raft 30.0mX30.0m 45.25
basement Floors) 35.0mX35.0m 4475

Page-69

Geo-technical Investigation Report for the proposed new building of BHEL at Sector-16-A, Noida (U.P.)




EXPLORE

(Project Ref.-13022215)

Depth of Thickness of Type of Size of q allowable
Foundation Foundation Foundation Foundation (t/m?)
15.00 m 25.0mX25.0m 47.50
(Buildings with three 1.50m Raft 30.0mX30.0m 45.75
basement Floors) 35.0mX35.0m 45.25
15.50 m 25.0mX25.0m 51.50
(Buildings with three 1.50m Raft 30.0mX30.0m 51.25
basement Floors) 35.0mX35.0m 50.75
16.00 m 25.0mX25.0m 52.00
(Buildings with three 1.50m Raft 30.0mX30.0m 51.75
basement Floors) 35.0mX35.0m 51.25
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Pile Capacity Calculations
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ANNEXURE-B
n
Qi = A, (Nc.Cp+ Po.Ng) + = (0.C+K.Pgitan 8) A
=1
Ap = Cross sectional area of pile toe
Pp = Effective overburden pressure at pile toe taken as corresponding to 17*pile dia
Nq = Bearing capacity factor depending upon the angle of internal friction at toe
Nc = Bearing capacity factor usually taken as 9
K = Coefficient of earth pressure
Cp = Average cohesion at pile tip
a = Reduction factor
C = Average cohesion throughout the length of the pile
Pai = Effective overburden pressure at the it layer [i varies from1to n]
) = Angle of wall friction between pile and soil in degrees taken as ¢
Asi = Surface area of the pile stem in the it [ayer [i varies from1 to n]
Diameter of the pile =600mm Coefficient of earth pressure K=1.50
Adhesion Factor  =0.5 Ng = 20 & 22 for ¢ =300 & 310
£ = § | c= = 2 =%
s S55F ol |05 88T E= /523885 T 5 K.
S ¥5/E8| 3F |e=2|z2L| s | EL|E82Qe| 5 | L |2F
=5 0= s|Sw = 32|22l 2 o 5 | =
(=EA 7] i wi o |5
14.0
10 0 010
15.0 0.00
15.0 0.00 | 0.00
5.0 (196 |00 ]| 31 20.39 | 20.39
20.0 480 | 4.33
20.0 480 | 4.33
5.01200|00]| 31 62.01 | 82.39 61 | 1433 | 57 16
25.0 9.80 | 8.83 216
25.0 9.80 | 8.83
3.0 120200 31 4994 | 132.3 61 | 1933
28.0 9.80 | 8.83 216
28.0 9.80 | 849
201204 |0.0] 30 31.99 | 164.3 95 | 219.7 | 88 33
30.0 9.80 | 849 196
30.0 9.80 | 849
20120500 30 31.99 | 196.3 95 | 251.7
32.0 9.80 | 849 196
32.0 9.80 | 849
3.0 1205|001 30 47.99 | 244.3 55 | 299.7 | 120 | 49
35.0 9.80 | 849 196
35.0 9.80 | 8.83
5.01]205|00]| 31 83.24 | 327.5 61 | 3885 | 155 | 66
40.0 9.80 | 8.83 216
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As described above, considering the seismic condition, the pile capacity computations for
cast-in-situ bored piles are made as per 1S:2911-1980( Part-l) .The cut off level has been
considered as 15.0 m below the ground surface.

The safe load carrying capacity of the piles with different effective length has been
calculated as above and the recommended values are as following:

Diameter of Pile Length of Pile Below Safe Axial Load Carrying Capacity (t)
(m) Cut-off Level In compression Uplift
10.0 m 95 15
15.0 m* 85 30
0.60
20.0 m* 120 45
250m 155 65
10.0 m 75 20
15.0 m* 135 45
0.75
20.0 m* 190 70
250m 240 95

* For 0.6 m and 0.75 m pile diameter piles, the pile length of 15m and 20m are actually
terminated in sandy silt / clay layer which has some plasticity / compressibility. Hence
settlement has to be calculated and checked for the limits at working loads.

Calculation of Lateral Load Capacity of Bored Cast- in- Situ Piles as per IS: 2911

o™ —
[72]
E S5 £ g S - £
c | Elcs 235wl 5+ 2°  2o|d3c| 2
S| 8 c|S-|8L8E _°FE £ 2> g | c @ o<
s |B=8E ESDS S — ac|lgse|l 29 i
€S5S |g @8~ Ex| @.3 - = c 3 Lol o= | E- g
Wes |s3SX|2ec| E5 - = ES| EB|EE| 2&
— D —_—— —
O w £ @ | =59 ) E %
8|85&5 g5 = $E123|8¢8| £
Sl oo Q| w® o 4 =
© = =
w | > (&)

Free

Head 0.6 | 5000 [27386128 |0.0063617 | 2.03 | 1.91 3.89 0 0.5 [445467| 45 8.14m

Fixed

Head 0.6 | 5000 27386128 |0.0063617 | 2.03 | 2.18 443 0 05 [11984.12| 11.5 8.14m

Free

Head 0.75 | 5000 27386128 [0.0155316| 2.43 | 1.91 4.65 0 05 |6366.07| 6.0 9.73m

Fixed

Head 0.75 | 5000 |27386128 [0.0155316| 2.43 | 2.18 5.30 0 05 (17126.24| 17.0 9.73m
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Annexure-C
List of Referred IS Codes
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ANNEXURE-C
LIST OF REFERRED IS CODES

Field Investigation

1. IS : 1948-1970 Classification and identification of soils for general
engineering purposes (first revision) Amendment 2

2. IS : 1892-1979 Code of practice for sub surface investigations for
foundations

3. IS . 2131-1981  Method of standard penetration tests for soils

4. IS . 2132-1986  Code of practice for thin walled tube sampling of soils

Laboratory tests
1. IS : 2720-1983 (Part 1) Methods of tests for soils: Preparation of
dry soil samples for various tests (second revision )
2. IS ;' 2720-1980 (Part-2) Methods of test for soils: Determination of

water content (second revision ) Amendment 1

3. IS . 2720-1980 (Part-3/Sec 1)  Method of test for soil : Determination of
specific gravity : Fine grained soils

4. IS . 2720-1980 (Part-3/Sec 2)  Method of test for soil : Determination of
specific gravity : Fine , medium & coarse grained soils.(First revision)

5. IS . 2720-1985 (Part-4) Methods of test for soils: Grain size
analysis (Second revision)

6. IS . 2720-1985 (Part-6) Methods of test for soils: Determination of
liquid and plastic limit (Second revision)
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Foundation construction

1. IS :  1904-1986 Code of practice for design and construction of
foundation in soils : General requirements (Third revision)

2. IS : 6403-1981 Code of practice for determination of bearing capacity of
shallow foundations

3. IS :  8009-1976 (Part-1) Code of practice for calculation of settlements of
foundations : Shallow foundations subjected to symmetrical static vertical loads
(Amendment 2)
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