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PVsyst - Simulation report
Grid-Connected System

Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono
Unlimited sheds
System power: 7608 kWp
Kaptai - Bangladesh

Author
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Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono

PVsyst V7.3.1

VC2, Simulation date:
11/30/23 13:12

with v7.3.1
Project summary
Geographical Site Situation Project settings
Kaptai Latitude 22.48 °N Albedo 0.20
Bangladesh Longitude 92.24 °E
Altitude 13 m
Time zone UTC+6
Meteo data
Kaptai

Meteonorm 8.1 (1991-2012), Sat=100% - Synthetic

System summary

Grid-Connected System Unlimited sheds

PV Field Orientation Near Shadings User's needs
Sheds Mutual shadings of sheds Unlimited load (grid)
Tilt 23 °

Azimuth 0°

System information

PV Array Inverters

Nb. of modules 13832 units Nb. of units 20 units

Pnom total 7608 kWp Pnom total 6000 kWac
Pnom ratio 1.268

Results summary
Produced Energy 11143 MWh/year Specific production 1465 kWh/kWpl/year Perf. Ratio PR 82.54 %

Table of contents

Project and results summary

General parameters, PV Array Characteristics, System losses

Main results

Loss diagram

Predef. graphs

P50 - P90 evaluation
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Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono

PVsyst V7.3.1
VC2, Simulation date:
11/30/23 13:12

with v7.3.1

General parameters

Grid-Connected System
PV Field Orientation

Orientation

Sheds

Tilt 23 °
Azimuth 0°
Horizon

Free Horizon

Unlimited sheds

Sheds configuration
Nb. of sheds
Unlimited sheds
Sizes

Sheds spacing
Collector width

Ground Cov. Ratio (GCR)

Top inactive band
Bottom inactive band
Shading limit angle
Limit profile angle

Near Shadings

5 units

8.00 m
481 m
60.1 %
0.02 m
0.02 m

28.0 °

Mutual shadings of sheds

Models used
Transposition
Diffuse
Circumsolar

Perez
Perez, Meteonorm
separate

User's needs
Unlimited load (grid)

PV module
Manufacturer

Model
(Custom parameters definition)

JA Solar
JAM72D30-550/MB

PV Array Characteristics

Inverter
Manufacturer

Model

Huawei Technologies
SUN2000-330KTL-H1

(Custom parameters definition)

Unit Nom. Power 550 Wp Unit Nom. Power 300 kWac
Number of PV modules 13832 units Number of inverters 20 units
Nominal (STC) 7608 kWp Total power 6000 kWac
Modules 494 Strings x 28 In series Operating voltage 500-1500 V
At operating cond. (50°C) Max. power (=>30°C) 330 kWac
Pmpp 6994 kWp Pnom ratio (DC:AC) 1.27
U mpp 1063 V Power sharing within this inverter
I mpp 6581 A
Total PV power Total inverter power
Nominal (STC) 7608 kWp Total power 6000 kWac
Total 13832 modules Number of inverters 20 units
Module area 35732 m? Pnom ratio 1.27
Cell area 32905 m?

Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 4.0 % Module temperature according to irradiance Global array res. 0.53 mQ

LID - Light Induced Degradation

Uc (const)
Uv (wind)

Module Quality Loss

29.0 Wim?K
0.0 W/m?K/m/s

Loss Fraction 0.3 % at STC

Module mismatch losses

Loss Fraction 1.6 % Loss Fraction 0.0 % Loss Fraction 0.3 % at MPP
Strings Mismatch loss
Loss Fraction 0.1 %
IAM loss factor
Incidence effect (IAM): User defined profile
0° 40° 50° 60° 70° 75° 80° 85° 90°
1.000 1.000 0.996 0.992 0.958 0.917 0.847 0.710 0.000
11/30/23 Page 3/8




Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono

PVsyst V7.3.1
VC2, Simulation date:
11/30/23 13:12

with v7.3.1

Spectral correction
FirstSolar model

Array losses

Precipitable water estimated from relative humidity

Coefficient Set Co C1 Cc2 C3 C4 C5
Monocrystalline Si 0.85914 -0.02088 -0.0058853 0.12029 0.026814 -0.001781
System losses
Unavailability of the system Auxiliaries loss
Time fraction 1.0 %
3.7 days,
3 periods
AC wiring losses
Inv. output line up to MV transfo
Inverter voltage 800 Vac tri
Loss Fraction 0.97 % at STC
Inverter: SUN2000-330KTL-H1
Wire section (20 Inv.) Copper 20 x 3 x 185 mm?
Average wires length 164 m
MV line up to Injection
MV Voltage 11 kV
Average each inverter
Wires Copper 3 x 1000 mm?
Length 1000 m
Loss Fraction 0.06 % at STC
AC losses in transformers
MV transfo
Medium voltage 11 kV
One transfo parameters Operating losses at STC (full system)
Nominal power at STC 3.74 MVA Nb. identical MV transfos 2
Iron Loss (24/24 Connexion) 2.99 kVA Nominal power at STC 7.48 MVA
Iron loss fraction 0.08 % at STC Iron loss (24/24 Connexion) 5.99 kVA
Copper loss 46.62 kVA Copper loss 93.23 kVA
Copper loss fraction 1.25 % at STC
Coils equivalent resistance 3x2.13 mQ
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Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono

PVsyst V7.3.1
VC2, Simulation date:
11/30/23 13:12

with v7.3.1

System Production
Produced Energy (P50)
Produced Energy (P90)
Produced Energy (P95)

11143 MWh/year
10335 MWh/year
10107 MWh/year

Normalized productions (per installed kWp)

Main results

| | | | 1 T I I |
Lc: Collection Loss (PV-array losses) 0.69 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.16 kWhikWp/day

eful energy (inverter output) 4.01 KWh/kWpi,

Normalized Fnergy [kWhikWpiday|

Specific production (P50)
Produced Energy (P90)
Produced Energy (P95)

Performance Ratio PR

1465 KWh/kWplyear
1358 kWh/kWplyear
1329 kWh/kWplyear

Performance Ratio PR

Performance Ratio PR

82.54 %

|
11E [l PR rerformance Ratio (vt vr) - 0.825

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar May Jun  Jul  Aug Sep Oct Nov Dec
Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR

kWh/m? kWh/m? °C kWh/m? kWh/m? MWh MWh ratio
January 119.0 57.63 20.92 1491 139.5 1000 971 0.856
February 126.2 57.25 23.85 148.3 139.5 981 951 0.843
March 157.4 78.04 26.91 169.1 158.5 1100 1066 0.829
April 166.8 87.34 28.45 166.3 155.5 1076 1043 0.825
May 161.8 96.53 29.27 151.8 141.2 977 948 0.821
June 140.3 92.10 28.32 128.8 119.3 832 785 0.802
July 128.0 90.29 28.27 118.4 109.3 764 742 0.824
August 142.1 80.44 28.50 137.7 128.1 888 781 0.745
September 139.6 73.91 28.31 143.8 134.3 930 902 0.825
October 130.2 65.49 28.27 146.5 137.2 955 925 0.830
November 128.1 48.59 25.38 161.2 151.6 1066 1033 0.842
December 117.4 46.89 22.33 153.6 143.9 1026 995 0.851
Year 1656.9 874.51 26.58 1774.6 1657.9 11595 11143 0.825
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

11/30/23 Page 5/8




PVsyst V7.3.1

VC2, Simulation date:
11/30/23 13:12

Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono

with v7.3.1
Loss diagram
1657 kWh/m? Global horizontal irradiation
+7.1% Global incident in coll. plane
-1.98% Near Shadings: irradiance loss
-0.72% IAM factor on global
-4.00% Soiling loss factor
1658 kWh/m? * 35732 m? coll. Effective irradiation on collectors
efficiency at STC = 21.31% PV conversion
12624 MWh Array nominal energy (at STC effic.)
N -0.25% PV loss due to irradiance level
-6.10% PV loss due to temperature
+0.26% Spectral correction
-1.60% LID - Light induced degradation
-0.40% Mismatch loss, modules and strings
-0.19% Ohmic wiring loss
11597 MWh Array virtual energy at MPP
-1.36% Inverter Loss during operation (efficiency)
N -0.02% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voltage
N -0.01% Inverter Loss due to power threshold
N 0.00% Inverter Loss due to voltage threshold
N 0.00% Night consumption
11436 MWh Available Energy at Inverter Output
N 0.00% Auxiliaries (fans, other)
N -0.51% AC ohmic loss
Ny -1.11% Medium voltage transfo loss
N -0.03% MV line ohmic loss
-0.94% System unavailability
11143 MWh Energy injected into grid
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PVsyst V7.3.1
VC2, Simulation date:
11/30/23 13:12

with v7.3.1

Project: 7.6MWp (DC) Kaptai SPV

Variant: New simulation variant Mono
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Project: 7.6MWp (DC) Kaptai SPV

PVsyst V7.3.1

VC2, Simulation date:
11/30/23 13:12

Variant: New simulation variant Mono

with v7.3.1
P50 - P90 evaluation

Meteo data Simulation and parameters uncertainties

Source Meteonorm 8.1 (1991-2012), Sat=100% PV module modelling/parameters 1.0 %

Kind Monthly averages Inverter efficiency uncertainty 0.5 %

Synthetic - Multi-year average Soiling and mismatch uncertainties 1.0 %

Year-to-year variability(Variance) 5.4 % Degradation uncertainty 1.0 %

Specified Deviation

Climate change 0.0 %

Global variability (meteo + system) Annual production probability

Variability (Quadratic sum) 57 % Variability 630 MWh
P50 11143 MWh
P90 10335 MWh
P95 10107 MWh

Probability distribution
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ANNEXURE-3: FINANCIAL MODEL




Assumption Sheet

Name of City Kaptai

Contracting Authority BPDB

Project and Timeline Assumptions

Contract Period 25 Yr from CoD

Financial Closure o5 Yr from contract signing
Procurement & Construction Period 2 Yr from contract signing
CoD for New Facility 2 Yr from contract signing
Operation and maintenance period 25 Yr from O&M CoD

Operation Data

Operation & Maintenance 5000 USD/MWp

OPEX escalation rate 2.5% Avg. USD Inflation Rate
Tax Liabilities

Corporate Tax Rate 0.0%

Depreciation

Depreciation Period 25 Yr
Depreciation Rate (first 10 years) 7.0% /Yr
Depreciation Rate (11 to 25 years) 1.3% /Yr
Salvage value 10.0%

Project Cost

Capital Cost 7.11 USD Million
CcY1 CY2

Year wise Capital Injection 20% 80%

Sources of Fund

Debt 85% %

Equity 15% %

Interest Rate 2.0%

Tenure of Loan 16 Yr

Grace Period 1Yr

Repayment Period 15 Yr

Discount Rate 12.0%

Facility Performance

Installed Plant Capacity 7.6 Mwp

Energy Yield (@P50) 1465 kWh/kWp/yr
Production from the project 11,134,000 KWh/yr
Annual Unavailability 10 days

Yearly Net Production 10,828,959 KWh/yr

First year degradation 1%

Subsequent years' degradation 0.50%

Expected Tariff 0.0975 USS/KWh



Cost breakdown

A. Plant and Equipment

SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 |[Solar PV Module, MWp [Minimum capacity 7.6 MWp] 200,000 7.6 1,520,000
2 [Module Mounting Structure, per MWp 60,000 7.6 456,000
3 |lnverter, 6 MW [Capacity of each string inverter= 100 kW min] 30,000 6 180,000
4 Transformer St_at_ion (3 phase, LV/11 kV) with all necessary 15,000 12 180,000
accessories , minimum of 625 kVA,
5 [LV/MV cables and accessories, per MWp 40,000 7.6 304,000
6 |11 kV Switchgear, Control & Protection System, Lot 420,000 1 420,000
7 |SCADA System, Lot 250,000 1 250,000
8 [Metering System (110V, 3 phase, CT/PT metering), Lot 120,000 1 120,000
9 Weather Station (P.yranoleter, Annemometer, PT 1000 and other 25,000 1 25,000
necessary accessories)
10 |[Security and Survellience systems, Lot 25,000 1 25,000
11 |[Fire detection and fighting system, Lot 40,000 1 40,000
12 [Lighting and Illumination system, Lot 50,000 1 50,000
13 [DC, UPS and Auxiliary Power Supply, Lot 100,000 1 100,000
14 [Transportation of equipment+insurance (2% of equipment) 77,449 1 77,449
A. Sub total (Plant and Equipment) 3,747,449
B. Mandatory Spares
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 |Solar PV Modules, MWp (1% of Installed Capacity) 200,000 0.076 15,200
2 |Inverters, MW (7.5% of Installed Units) 30,000 1 30,000
3 |PV modules cable connector, Lot 2,000 1 1,000
4 DC String Fuses, Lot 10,000 1 10,000
B. Sub Total (Mandatory Spares) 56,200
C. Power Evacuation
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 11 kY power evacuation line (4 km) along with associated river 140,000 1 140,000
crossing
C. Sub Total (Power Evacuation) 140,000
D. Civil Works
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 All type of Survey, Soil .test, Excavation and other necessary works for 150,000 1 150,000
prepare the land as buildable, Lot
5 All ne.cessary works including fencing, gates, water supply, module 1,200,000 1 1,200,000
cleaning systems
3 |Foundation of all equipment including mounting of solar PV panels 50,000 1 50,000
5 Construction of Control building 100,000 1 100,000
6 Watch tower, 2 nos 25,000 2 50,000
7 |Others
D. Sub Total (Civil Works) 1,550,000
E. Design and Engineering Services
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
Design of the complete PV power plant and equipment required to
1 [|provide the power gathering facilities meeting all employer's 50,000 1 50,000
requirements
E. Sub Total (Design and Engineering Services) 50,000




F. Transport, Training, AIT, VAT etc.

SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 Transport / Vehicle (Double Cabin Pick up- 1, Electric car (4 seaster)- 1, 100,000 1 100,000
Motor Cycle- 2)
5 Installzf\t_ion.ofall equipment including solar panel testing and 304,000 1 304,000
commisioning.
3 |AIT and Vat on Works and Services (@15%) 0 1 0
F. Sub Total (Transport, Training, AIT, VAT etc.) 404,000
G. Non Turn Key Expenditure
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 |Land Purchase (BPDB's own land) 0 1 0
2 |Speed boat 15,000 1 15,000
3 |Jetty Construction 100,000 1 100,000
4 |Electricity bills during construction period 5,000 1 5,000
5 [Consultancy (Owner's engineers) 250,000 1 250,000
G. Sub Total (Non Turn Key Expenditure) 370,000
H. Miscelleneous
SN Item with Specs Unit price (USS) | Quantity | Total Price in USS
1 |Customs duty against equipment purchase (1%) 50,000 1 50,000
2 |AIT against equipment purchase (7.5%) 370,000 1 370,000
3 |Bank Charge for LC opening (0.5%) 25,000 1 25,000
4 |Officers salary during construction 50,000 1 50,000
5 |Employees salaries during construction 45,000 1 45,000
6 [Office furnitures, electric gadgets, others 30,000 1 30,000
7 Operation and Maintenance expenditure during construction (Car, 27,000 1 27,000
Insurance, Phone, etc)
8 Meetings, Advertisement, Hospitality etc. 40,000 1 40,000
9 |Physical Contingency (1%) 38,000 1 38,000
10 |(IDCP 0 0 0
11 |[Price Contingency (2%) 120,000 1 120,000
G. Sub Total (Miscelleneous) 795,000
Total Project Cost 7,112,649
SN Project Cost Summary Amount (USS)
A [Plant and Equipment 3,747,449
B [Mandatory Spares 56,200
C Power Evacuation 140,000
D |Civil Works 1,550,000
E |Design and Engineering Services 50,000
F Transport, Tax, AIT, VAT etc. 404,000
G [Non-Turn key expenditure 370,000
H [Miscelleneous 795,000

Total

7,112,649




Financing

Equity 1.1 USDm

Loan 6.0 USDm

Equity Injection USD m 0.2 0.9

Loan Injection USD m 12 48

Total Capex USD m 1.4 5.7

Period

Balance beginning year USD m 12 60 57 53 50 46 42 38 34 30 26 22 18 14 09 05
Installment UsSD m 00 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
Interest Payment USD m 00 01 01 01 01 01 01 01 021 01 0.1 0.04 0.04 0.03 0.02 0.01
Principal Payment UsSD m 00 03 04 04 04 04 04 04 04 04 04 04 04 04 05 05
Balance End year USD m 1.2 57 53 50 46 42 38 34 30 26 22 18 14 09 05 00

Debt Service 00 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05



Energy Yeild
10,299 10,248 10,197 10,146 10,095 10,044 9,994 9,944 9,894 9,845 9,796 9,747 9,698 9,650 9,601 9,553
10 10 10 09 09 09 09

Year wise Generated Power (MWh/yr) 10,829 10,721 10,667 10,614 10,561 10,508 10,455 10,403 10,351
Yearwise earning from energy sale (USD m) 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0



Depreciation

Total Asset Value 7.11 USDm

Depreciation Rate (first 10 years) 7.0% /Yr

Depreciation Rate (11 to 25 years) 1.3% /Yr
----n-nn
Total Asset Beginning Year 6.1 51 46 41 31 26 21 20 19 18 18 17 16 15 14 11 1.0
Depreciation " 0.5 0.5 0.5 0.5 05 05 05 0.5 05 05 01 01 01 01 01 01 01 01 01 0.1 01 01 01 0.1 0.1
Accumulated Depreciation " 05 10 15 20 25 30 35 40 45 50 51 52 53 54 55 55 56 57 58 59 60 61 62 63 64

Remaining Value of the Asset " 66 61 56 51 46 41 36 31 26 21 20 19 18 18 17 16 15 14 13 12 11 10 09 08 0.7



Income Statement
O&M Escalation Factor 2.5% 1.0 1.03 1.05 1.08 1.10 1.13 1.16 1.19 1.22 1.25 1.28 1.31 1.34 1.38 1.41 1.45 1.48 1.52 1.56 1.60 1.64 1.68 1.72 1.76 1.81

L 1] 203l el sl el 7] 8] 9olao]ulaz]as]ae]as]aeferfasfiol]an]2 ]2 ]2 |2 ]
1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9

Revenue USD m

Less: O&M Cost " 0.04 0.04 0.04 0.04 0.04 o0.04 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Operating Income " 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Less: Depreciation " 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
EBIT 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Less: Interest Expense " 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 - - - - - - - - - - -
EBT " 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Less: Tax " - - - - - - - - - - - - - - - - - - - - - - - - -

Net Income " 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8



Financial Cash flow
]

Cash flow from Operations
Revenue

Less: O&M Expense

Cash Generated by the Project
Less: Capital Expenditure
Project Cash Flow (Before Tax)
Less: Tax

Salvage value

Project Cash flow (after tax)
Cumulative Cash flow

Total Benefit
Total Cost
Net Benefit

PV of Total Benefit @12%
PV of Total Cost @12%
PV of Net Benefit@12%

(ool o] 2] 3] a] s 6] 7f 8l ofaofullaslaels]ie]z]s]o]]a]2]2f2l]2s)

USD m/yr

" 14
' (1.4)

" (1.4)
(1.4)

1.42
(1.4)

6.4 USDm
61 "
0.30 "

5.69 0.04 0.04

1.0
0.0
1.0

1.0

1.0
0.8

1.0

0.05

1.0

1.0
0.0
1.0
1.0

1.0
1.8

1.0

0.05

1.0

0.9
0.1
0.9

0.9

0.9

14.6

0.9

0.07

0.9

0.9
0.1
0.9

0.9

0.9

155

0.9

0.07

0.9

0.9
0.1
0.9

0.9

0.7
1.6

17.1

1.6

0.07

1.6



Financial Analysis Result

Project NPV
Project IRR
Full year Where chashflow is negetive
Partial year where cashflow is negetive
PayBack

PV of Total Benefit @12%
PV of Total Cost @12%
BCR @ 12%

0.3 USDm
12.7%
9
0.2
9.2 Year

6.4 "
6.1 USDm
1.05



Sensitivity Analysis

Tariff Sensitivity
Change  Project NPV
0% 0.3
10% 0.9
20% 1.6
-7% -0.1
-20% -1.0

Energy Yield Sensitivity

Energy Yield
P50 1465
P90 1358
P95 1329
1245
Capex Sensitivity
Change  Project NPV
0% 0.3
7% -0.1
20% -0.9
-10% 0.9
-20% 1.5

Project IRR BCR @ 12%

12.7%
14.3%
15.7%
11.6%
9.5%

Change
0%
-7%
-9%

-15%

Project IRR BCR @ 12%

12.7%
11.8%
10.2%
14.3%
16.3%

1.05
1.15
1.26
0.98
0.84

Project NPV Project IRR

0.3
(0)
(0)
(1)

1.05
0.98
0.88
1.16
1.29

13%
11.6%
11.3%
10.4%

BCR @ 12%
1.05
0.97
0.96
0.89



Economic Assumptions
Standard conversion factor
non-traded costs
Unsckilled labor

Economic Cost Calculation
SN Project Cost Summary

A Plant and Equipment
B Mandatory Spares
C Power Evacuation
D Civil Works
E Design and Engineering Services
F Transport and training
G Non-Turn key expenditure
H Miscelleneous
Total

Carbon Emission Savings from the project
Price of CO2

Gas Consumption by Gas Generator

Gas Consumption

LNG Cost

Emplyment generation
Average Salary

Discount Factor

0.90
0.75

Amount (USD) Economic Cost

(UsD)

3,747,449 3747448.98
56,200 56,200
140,000 140,000
1,550,000 1,348,500
50,000 50,000
404,000 90,000
370,000 333,000
795,000 715,500

7112648.98 6480648.98

0.67 ton/MWh
30 USD/Ton www.iea.org/reports/
projected-costs-of-
generating-electricity-
2020

Approximate
12780 cft/hr/MW Natural Gas
Consumption Chart

362 Cum/hr/MW
0.5037 USD/CUM Source: RPGCL, 2023

60 person
2763 USD

12%


http://www.iea.org/reports/projected-costs-of-generating-electricity-2020
http://www.iea.org/reports/projected-costs-of-generating-electricity-2020
http://www.iea.org/reports/projected-costs-of-generating-electricity-2020
http://www.iea.org/reports/projected-costs-of-generating-electricity-2020

Economic benefit Calculation

Benefit from Emission Reduction

Year wise Generated Power (MWh/yr) MWh 10829 10721 10667 10614 10561 10508 10455 10403 10351 10299 10248 10197 10146 10095 10044 9994 9944 9894 9845 9796
Carbon Emission Savings Ton 7255 7183 7147 7111 7076 7040 7005 6970 6935 6901 6866 6832 6798 6764 6730 6696 6663 6629 6596 6563
Cost of CO2 Usb m 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Benefit from Foreign currency Savings

Gas Consumption Cum 3918847 3879659 3860261 3840959 3821755 3802646 3783632 3764714 3745891 3727161 3708526 3689983 3671533 3653175 3634909 3616735 3598651 3580658 3562755 3544941
Savings from avoiding LNG import USD m 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Benefit from Employment Usb m 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17

Total Economic benefit Usb m 2.36 2.34 2.32 231 2.30 2.29 2.28 2.27 2.26 2.25 2.24 2.23 2.22 221 2.20 2.19 2.18 2.17 2.16 2.15



Economic Cash flow
I (covalcoval 1 | 2] 3] a]s ] 6] 7] 8] o fwofufafas]as]as]ae]a7] 18] 19] 2]
Benefit from the project USDm - - 24 23 23 23 23 23 23 23 23 23 22 22 22 22 22 22 22 22 22 21
O&M Expense "

0.03 0.03 0.03 003 0.03 003 003 003 003 003 003 003 003 003 0.03 003 003 0.03 0.03 0.03
Capital Expenditure " 13 5.2 - - -

Total Cost "

13 52 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003 003
Project Net benefit " (13) (52) 23 23 23 23 23 23 22 22

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.1 2.1 2.1 2.1



Economic Analysis Result

Project ENPV 8.1 USDm
Project EIRR 33%

PV of Cost 55 USDm
PV of Benefit 13.6 "

EBCR 2.5



ANNEXURE-4: SUB-SOIL INVESTIGATION
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Chapter 01
General
Description



1.1 INTRODUCTION

In civil engineering, subsoil investigation, also referred to as geotechnical investigation, plays
a critical role in determining the soil's stratigraphy and pertinent physical properties beneath
a specific location. The aim of this investigation is to ensure the safety and longevity of the
substructure that will support the superstructure at that location. To accurately assess the
characteristics of the soil strata that will impact the construction project, it is essential to
conduct a thorough field survey and precise geotechnical investigation.

Geotechnical investigations offer engineers valuable insights into the subsurface conditions
at the site, which are utilized to plan, design, and construct structures that are secure,
functional, and durable. The accuracy and adequacy of these investigations are paramount to
the project's success, as they directly influence the design, construction, project cost, and
overall safety.

A comprehensive subsoil investigation encompasses both field and laboratory investigations.
The investigations are conducted in accordance with relevant ASTM Standards and BNBC
2020, ensuring adherence to established protocols and guidelines.

1.2 SCOPE OF WORK

The subsoil investigation involves drilling and sampling activities in the field. Several
boreholes are drilled to a depth and comprehensive data regarding the subsoil is recorded
throughout the drilling process. This data includes soil descriptions, standard penetration test
results, blow counts, water levels, and other relevant information.

Following the drilling and sampling, the obtained soil samples are carefully sealed, labeled,
and transported to the laboratory in accordance with ASTM D4220 standards. Selected
samples undergo various tests conducted in accordance with ASTM standards.

The final report encompasses several key components. Firstly, it presents the characteristics
of the subsurface soil conditions through detailed soil profiles. Each soil layer is described in
detail in accordance with USCS soil classification system. Then analysis and results of all the
laboratory tests are presented with curves.

The report provides recommendations for bearing capacity for shallow foundation as well as
deep foundation. Additionally, the report includes the assigned seismic design class,
measurements of the groundwater table elevation obtained during the investigation.

Furthermore, the report provides geotechnical information required to assess potential
geotechnical problems such as consolidation settlement, volumetric strain, etc. The report
also assesses seismic hazards through soil liquefaction analysis.

Overall, the report provides a comprehensive understanding of the subsurface soil conditions,
offers information required for foundation design, and addresses potential geotechnical
challenges and seismic hazards identified during the investigation.



1.3 PROJECT DETAILS

Project Title

Consultancy Services For Detailed Feasibility Study For Construction
Of 7.6 Mwp (Dc) Solar Photovoltaic Grid-Connected Power Plant At
Kaptai, Rangamati, Bangladesh

Client Name

Bangladesh Power Development Board (Bpdb)

Location

KAPTAI, RANGAMATI, BANGLADESH

No of Boreholes

04 (Four)

Period of Investigation

November, 2023

Seismic Zone

[l (According to BNBC 2020)

Seismic Intensity of Site Severe
Seismic Zone Co-efficient | 0.28
Site Classification SD

Liquefaction Potential

Exists as per Idriss and Boulanger 2014 Method

Fig 1.1 Location of Site on Map
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Fig 1.2: Seismic zoning map of Bangladesh (As Per BNBC 2020)




1.4 DETAILS OF BOREHOLES

Depth of Reduced Level Ground Water o
Borehole No. Borehole (m) (RL) (M) Level (m) Date of Drilling
01 25.5 (-) 0.60 (-) 2.15 03-11-2023
02 15 (-) 0.65 (-) 4.25 05-11-2023
03 15 (+)0.30 (-) 2.90 05-10-2023
04 15 (-)0.60 (-) 2.15 06-11-2023

NOTE: T.B.M is taken from the center of the road, as +0.

1.5 QUANTITY OF TESTS

Name of Test

Quantity (In Number)

Moisture Content Determination 47
Specific Gravity Determination 04
Atterberg Limit Test 12
Grain Size Analysis 16
Hydrometer Test 16
Direct Shear Test 02
Unconfined Compression Strength Test 04
Consolidation Test 02




Chapter 02
Geotechnical
Investigation



2.1 FIELD INVESTIGATIONS
All the tests are executed as per standard procedure as in ASTM specification.

Exploratory Boring Drilling

Drilling is executed by wash boring method. A hole is started by driving vertically a 10 cm
diameter steel casing into the ground to some depth and then the formation ground casing is
broken up by repeated drops of a chopping bit attached to the lower end of the drilling pipe.
The upper end of the same is forced at high pressure through the pressure pipe. Forced slurry
or water emerges at high velocity through the pores of the chopping bit and returns to the
surface through the annular space between the drilling pipe and the side of the casing or hole,
carrying with it the broken-up soils. In this way, drilling is advanced up to a level of 15 cm
above the depth where the Standard Penetration Test (SPT) has to be executed.

Standard Penetration Test

The Standard Penetration Test (SPT) is extensively utilized for determining the in-situ
properties of soil. This test is particularly suitable for cohesionless soils, as there is now a well-
established correlation between the SPT value and the soil's strength. The test procedures
can be found in ASTM standards D1586, D1587, and D6066.

To conduct the test, a split spoon sampler is driven into the soil through a borehole with a
diameter ranging from 55 to 100 mm, at the desired depth. A 63.5 kg (140 lb) hammer is
dropped onto a drill rod from a height of 750 mm (30 inches). The number of blows, denoted
as N, required to achieve a penetration of 300 mm (12 inches), is considered as the
penetration resistance. The initial blows for the first 150 mm (6 inches) of penetration are
excluded to avoid seating errors. The N-value is determined by counting the blows necessary
to increase the penetration from 150 mm to 450 mm.

0.1in. ) ;
(2.5mm) Open Shoe Tube Head Rollpin
L 7 NNAAN \\\\\\\\\\w7 -Ir////////////
Folissin | 1 1sin L 2in. e
£ 349mm)  (38.1mm) (51mm) IS
W 75222 \NANNANNNNNNNNNNY B ANNNNY ANNNNNNNNNN 5525 A!- 7
16° to 23° | \v
= e » Ball ent
1to2in. 18t0 30 in,
(25 to 50 mm) (457 to 762 mm)

Fig 2.1 Schematic Diagram of Split Spoon Sampler

Several factors contribute to the variation of the standard penetration number N at a given
depth for similar soil profiles. Among the factors are the SPT hammer efficiency, borehole
diameter, sampling method, rod length, water table and overburden pressure important. The
most two common types of SPT hammers used in the field are the safety hammer and donut
hammer. Generally, SPT is conducted in 1.5 m interval. In hard formations, the testing is
discontinued if N value is found to be over 50 in three continuous depths.



Extraction of Soil Sample
Soil samples are collected during sub-surface exploration to determine the engineering
properties of the soil. Soil samples are generally into two categories:

Disturbed Samples (DS)

These are the samples in which the natural structure of the soil gets disturbed during
sampling. However, these samples truly represent the composition and the mineral content
of the soil. Disturbed samples can be used to determine the index properties of the soil such
as grain size, plasticity characteristics, specific gravity etc.

The disturbed samples are collected with the help of split spoon sampler used during standard
penetration test. Each sample is removed from the sampler in field, examined carefully and
then classified by a technician. All the samples are duly preserved in air-tight bags, properly
marked and then shifted to the laboratory for testing.

Undisturbed Samples (UD)

These are the samples in which the natural structure of the soil and the water content are
retained. However, it may be mentioned that it is impossible to get truly undisturbed sample.
Some disturbance is inevitable during sampling, even when the frantic care is taken.
Undisturbed Samples are used for determining Shear Strength, Unit Weight, Void Ratio,
Compression Index (C), Unconfined Compression Strength, Angle of Internal Friction (f) etc.
The Undisturbed Samples of cohesive soils are obtained with the help of thin-walled Shelby
Tubes of 3" (76mm) diameter. The samples recovered in the Shelby tubes are properly
marked and wax sealed at both ends and then transmitted to the laboratory for test.

e Length as Specified in ASTM D1587—— >
~ % r Gage as Specified 1" min
min &
e e — I
D - D, - — == ——1—0n,
° P % {L; g |
A = Y | ; B
i Di_De /i“d (m )
Inside Clearance Ratio = g dia (min
D, Mounting Holes

Fig 2.2 Schematic Diagram of Thin-walled Shelby Tube

Measuring Ground Water Table Location

Ground Water Levels along the project alignment are measured during drilling operation and
24 hours afterwards by rope or rod sounding. Specific ground water level readings are
indicated on the Boring Logs. It is noted; however, ground water levels fluctuate seasonally,
climatically and due to other factors not evident at the time of field explorations.



2.2 LABORATORY INVESTIGATIONS

All Laboratory tests are done on soil samples collected either in disturbed or undisturbed state
as per ASTM procedures. The description of tests is as follows,

Moisture Content Determination
Most laboratory tests in soil mechanics require the determination of water content. Water
content is defined as

weight of water present in a given soil
W =

mass weight of dry soil

Water content is usually expressed in percent. This test is performed as per ASTM D2216.

Specific Gravity Determination

The specific gravity of a given material is defined as the ratio of the weight of a given volume
of the material to the weight of an equal volume of distilled water. Specific gravity G is
defined as,

__unit weight (or density)of soil solids
=

unit weight (or density)of water

For further details concerning the specific gravity test, see ASTM D854, “Standard Test
Methods for Specific Gravity of Soil Solids by Water Pycnometer.”

Sieve Analysis

A basic element of a soil classification system is the determination of the amount and
distribution of the particle sizes in the soil. The distribution of particle sizes larger than 0.075
mm (No. 200 sieve) is determined by sieving.

A sieve is a piece of laboratory equipment that consists of a pan with a screen at the bottom.
Commonly used U.S. Standard Sieve numbers and their sieve opening are as follows:

Sieve No. 4 8 16 30 40 50 60 100 140 170 200

Sieve Opening
(mm) 475|236 | 118 | 0.6 | 0.425| 0.3 | 0.25 | 0.15 | 0.106 | 0.088 | 0.075
mm

The laboratory test procedures for performing a sieve analysis are presented in ASTM D6913.
The basic steps include first determining the initial dry mass of the soil (M). Then the soil is
washed on the No. 200 sieve in order to remove all the fines (i.e., silt and clay size particles).
The purpose of the washing of the soil on the No. 200 sieve is to ensure that all the fines and
surface coatings are washed-off of the granular soil particles.



Hydrometer Test

A sedimentation process is used to determine the particle distribution for fines (i.e., silt and
clay size particles finer than the No. 200 sieve). A hydrometer is used to obtain the necessary
data during the sedimentation process. The hydrometer test is based on Stokes law, which
relates the diameter of a single sphere to the time required for the sphere to fall a certain
distance in a liquid of known viscosity.

The idea for the hydrometer test is that a larger, and hence heavier, soil particle will fall faster
through distilled water than a smaller, and hence lighter, soil particle. The hydrometer test
uses the diameter of an equivalent sphere as the definition of particle size. If the amount of
fines (i.e., percent passing No. 200 sieve) is less than 5 percent, typically a hydrometer test is
not performed.

Likewise, if the percent passing the No. 200 sieve is between 5 percent and 15 percent, the
soil may be non-plastic and once again a hydrometer test may be unnecessary for classifying
the soil. Usually if the percent passing the No. 200 sieve is greater than 15 percent, a
hydrometer test could be performed. This test is performed as per ASTM D7928.

Atterberg Limit Test

The term plasticity is applied to silts and clays and indicates an ability to be rolled and molded
without breaking apart. The Atterberg limits are defined as the water content corresponding
to different behavior conditions of silts and clays. For laboratory testing details, please see
ASTM D4318. The term Atterberg limits refers to the liquid limit (LL) and plastic limit (PL),
defined as follows:

Liquid Limit (LL)

The water content corresponding to the behavior change between the liquid and plastic state
of asilt or clay. The liquid limit is determined by spreading a pat of soil in a brass cup, dividing
it in two by use of a grooving tool, and then allowing it to flow together from the shock caused
by repeatedly dropping the cup in a standard liquid limit device.

In terms of specifics, the liquid limit is defined as the water content at which the pat of soil
cut by the grooving tool will flow together for a distance of 0.5 in. (12.7 mm) under the impact
of 25 blows in a standard liquid limit device.

Plastic Limit (PL)

The water content corresponding to the behavior change between the plastic and semi-solid
state of a silt or clay. The plastic limit is determined by pressing together and rolling a small
portion of the plastic soil into a thread approximately 1/8 in. (3.2 mm) in diameter so that its
water content is slowly reduced with the end result that the thread of soil crumbles apart.

10



Direct Shear Test

The direct shear test is a laboratory or field test used by geotechnical engineers to measure
the shear strength properties of soil material, or of discontinuities in soil or rock masses. The
test is performed as per ASTM D3080.

The test is performed on three or four specimens from a relatively undisturbed soil sample. A
specimen is placed in a shear box which has two stacked rings to hold the sample; the contact
between the two rings is at approximately the mid-height of the sample. A confining stress is
applied vertically to the specimen, and the upper ring is pulled laterally until the sample fails,
or through a specified strain. The load applied and the strain induced is recorded at frequent
intervals to determine a stress—strain curve for each confining stress. Several specimens are
tested at varying confining stresses to determine the shear strength parameters, the soil
cohesion (c) and the angle of internal friction, commonly known as friction angle (@) .

The results of the tests on each specimen are plotted on a graph with the peak (or residual)
stress on the y-axis and the confining stress on the x-axis. The y-intercept of the curve which
fits the test results is the cohesion, and the slope of the line or curve is the friction angle.
Direct shear tests can be performed under several conditions. The sample is normally
saturated before the test is run, but can be run at the in-situ moisture content.

The rate of strain can be varied to create a test of undrained or drained conditions, depending
whether the strain is applied slowly enough for water in the sample to prevent pore-water
pressure buildup. Direct shear test machine is required to perform the test. The test using the
direct shear machine determinates the consolidated drained shear strength of a soil material
indirect shear. The advantages of the direct shear test over other shear tests are the simplicity
of setup and equipment used, and the ability to test under differing saturation, drainage, and
consolidation conditions.

Unconfined Compression Strength Test

This test is performed as per ASTM D2166 - Standard Test Method for Unconfined
Compressive Strength of Cohesive Soil. The primary purpose of this test is to determine the
unconfined compressive strength, which is then used to calculate the unconsolidated
undrained shear strength of the clay under unconfined conditions.

According to the ASTM standard, the unconfined compressive strength is defined as the
compressive stress at which an unconfined cylindrical specimen of soil will fail in a simple
compression test. In addition, in this test method, the unconfined compressive strength is
taken as the maximum load attained per unit area, or the load per unit area at 15% axial
strain, whichever occurs first during the performance of a test.

For soils, the undrained shear strength is necessary for the determination of the bearing
capacity of foundations. The undrained shear strength of clays is commonly determined from
an unconfined compression test. The undrained shear strength of a cohesive soil is equal to
one-half the unconfined compressive strength when the soil is under the f = 0 condition (f =
the angle of internal friction).

11
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Consolidation Test

This test is performed as per ASTM D2435 - Standard Test Method for One-Dimensional
Consolidation Properties of Soils. This test is performed to determine the magnitude and rate
of volume decrease that a laterally confined soil specimen undergoes when subjected to
different vertical pressures. From the measured data, the consolidation curve can be plotted.
This data is useful in determining the compression index, the recompression index and the

pre-consolidation pressure (or maximum past pressure) of the soil.

The consolidation properties determined from the consolidation test are used to estimate the
magnitude and the rate of both primary and secondary consolidation settlement of a
structure or an earth fill. Estimates of this type are of key importance in the design of
engineered structures and the evaluation of their performance.

Standards Followed for Laboratory Tests

All the tests are done as per standard procedure as in ASTM specification.

LABORATORY TESTS SPECIFICATION
WATER CONTENT TEST (MOISTURE CONTENT) ASTM D2216
SPECIFIC GRAVITY TEST ASTM D854
SIEVE ANALYSIS ASTM D6913
HYDROMETER TEST ASTM D7928
ATTERBERG LIMITS TEST ASTM D4318
DIRECT SHEAR TEST ASTM D3080
UNCONFINED COMPRESSION STRENGTH TEST ASTM D2166

CONSOLIDATION TEST

ASTM D2435

12



2.3 SOIL CLASSIFICATION

Soils are widely varied in their grain-size distribution. Various types of engineering works
require the identification and classification of soil in the field.

For engineering purposes, there are two major systems that are presently used in the United
States. They are: (i) American Association of State Highway and Transportation Officials
(AASHTO) Classification System and (ii) Unified Soil Classification System.

Unified Soil Classification System

This classification system was first developed in 1942 by Arthur Casagrande for airfield
construction during World War Il. More recently, the American Society of Testing and
Materials (ASTM) introduced a more definite system for group name of soils. Unlike the
AASHTO system, the Unified system uses symbols to represent the soil types and the index
Properties of the soil.

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART LABORATORY CLASSIFICATION CRITERIA
COARSE-GRAINED SCILS
(more than 50% of material is larger than No. 200 sieve size.)
Clean Gravels (Less than 5% fines) D D
Well-graded gravels, gravel-sand Cy= 8 greater than 4; C;, = 0 petween 1 and 3
Gw mixtures, little or no fines GwW D 10 D10 % DSO
GRAVELS =
y Poorly-graded gravels, gravel-sand
MO;? ;22?5‘20% GP mixtu:;gl Jittle §r no ﬁnegs GP  Not meeting all gradation requirements for GW
fraction larger  Gravels with fines (More than 12% fines}
than No. 4 — =
sleve size ] GM | Silty gravels, gravel-sand-silt mixtures oM Atterberglimils below "A" | L B between
line or F.I. less than 4 :
Y 4 and 7 are borderline cases
S Gc Clayey gravels, gravel-sand-clay Ge Atterberg limits above "A" | requiring use of dual symbols
i mixtures line with P.I. greater than 7
Clean Sands (Less than 5% fings) Dao |:)30
B2 ow | Wellgraded sands, gravelly sands, ow C,= 5 greater than 4, C, = B between 1 and 3
litthe or no fines 10 10" 60
iz Poorly graded sand lly sand
o : oorly graded sands, gravelly sands,
Sﬂofnﬂgragoere | SP little or no fines Sp Not meeting all gradation requirements for GW
ffatfﬂim sma"ef with fines (More than 12% fines)
an No. o wpn
sieve size Silly sands, sand-silt mixtures s Atterberg limils below "A" | Limits plotting in shaded zone
line or P.I. less than 4 with Pl between 4 and 7 are
f wan | borderline cases requiring use
f Atterberg limits above "A
: Clayey sands, sand-clay mixtures sC line with P.I. greater than 7. of dual symbols.
FINE-GRAINED SOILS
(50% or more of material is smaller than Na. 200 sieve size.) Determine percentages of sand and gravel from grain-size curve, Depending
on percentage of fines (fraction smaller than Mo. 200 sieve siza),
Inorganic silts and very fine sands, rock coarse-grained solls are classified as follows:
ML | flour, silty of clayey fine sands or clayey Less than § percant .. ... GW, GP, SW, sP
SILTS silts with slight plasticity More than 12 percent eeeaaraaaaiaariiann.. GM,GC, SM, SC
AND e Sto12 percant . eevviriacnmcnnanis Borderline cases requiring dual symbols
CLAYS Inorganic clays of low to medium
Liquid limit pllastldly, gravelly clays, sandy clays,
less an silty clays, lean clays PLASTICITY CHART
50% [—
= oL Organic silts and organic silty clays of &0
= low plasticity =
- < ]
Inorganic silts, micaceous or = %0 L~
; : ) [y CH
MH | diatomaceous fine sandy or silty soils, < 40 /
SILTS elastic silts i " ALINE:
cti&s g % Pl = 0.73(LL-20)
Inorganic clays of high plasticity, fat - |
Liquid imit CH | clays £ CL| [/ | MH8OH
50% g 20 7
or greater Organic clays of medium to high g 10 pd
plasticity, organic silts i T 5 ML&|OL
HIGHLY . o 00 10 20 30 40 50 80 70 B8O 9C 100
oggﬁgc foy Peat and other highly organic soils LIQUID LIMIT (LL) (%)
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Grain Size Classification of Soil

Particle size, also called grain size, refers to the diameter of individual grains of sediment, or
the lithified particles in clastic rocks. The term may also be applied to other granular
materials. This is different from the crystallite size, which refers to the size of a
single crystal inside a particle or grain. A single grain can be composed of
several crystals. Granular material can range from very smallcolloidal particles,
through clay, silt, sand, gravel, and cobbles to boulders.

DIVISIONS PARTICLE SIZE
Boulders Retained on 300 mm sieve
Cobbles Pass 300 mm sieve, retained on 75 mm sieve
Gravels Pass 75 mm, retained on 4.75 mm
Sand Pass 4.75 mm, retained on 0.075 mm
Silt From 0.074 mm to 0.005 mm
Clay Less than 0.005 mm

2.4 LIMITATIONS

While interpreting and subsequently ascertaining the aforesaid test results, observations and
bearing capacity obtained thereof, due considerations should be attributed towards
capriciousness of the soil properties, restricted number of bore holes and their locations,
some limitations and constraints usually associated with such sub soil exploration work and
some simplifying assumptions made during subsequent analysis. Some of the limitations are
as follows,

1. Amount of soil samples collected from site was not sufficient to conduct all the tests
at every 1.5 m interval.

2. In grain size analysis, there might be few errors. These errors may be occurred due to
improper pulverization, washing or grinding of the samples.

3. In grain size analysis, if amount of soil samples retained on the pan from sieve shaking
were found to be less than 12%, the hydrometer test is avoided. But when wash sieve
method is used, some percentage of soil could be added to fine grained portion.

4. Where tests were not possible to conduct, soil parameters were calculated from
correlations of laureate and well-established theories for estimating foundation
capacities.

5. The thin-walled Shelby Tubes of 3" (76mm) diameter was penetrated in to the
undisturbed soil formation by applying rapid but continuous force. Several
undisturbed samples were collected in the Shelby tube. Unconfined compression
strength tests and Consolidation tests were performed on those samples.
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3.1 EVALUATION OF FOUNDATION CAPACITY

BEARING CAPACITY ANALYSIS FOR SHALLOW FOUNDATION

There are many established bearing capacity equations from different authors which shall be
used for calculating bearing capacity. The conventional method of designing foundations is
based on the concept of bearing capacity. One meaning of the verb to bear is to support or
hold up.

Generally, bearing capacity refers to the ability of a soil to support or hold up a foundation
and structure. The ultimate bearing capacity of a soil refers to the loading per unit area that
will just cause shear failure in the soil. It is given the symbol Q. The allowable bearing
capacity (symbol Q) refers to the loading per unit area that the soil is able to support
without unsafe movement. It is the “design” bearing capacity.

The allowable load is equal to allowable bearing capacity multiplied by area of contact
between foundation and soil. The allowable bearing capacity is equal to the ultimate bearing
capacity divided by the factor of safety. A factor of safety of 2.5 to 3 is commonly applied to
the value of Q;. Care must be taken to ensure that a footing design is safe with regard to
(1) Foundation failure (collapse) and

(2) Excessive settlement.

The basic principles governing bearing capacity theory as developed by Terzaghi (Terzaghiand
Peck, 1967) can be better followed by referring to Fig-3.1. As load (Q) is applied, the footing
undergoes a certain amount of settlement as it is pushed downward, and a wedge of soil
directly below the footing’s base moves downward with the footing. The soil’s downward
movement is resisted by shear resistance of the foundation soil along slip surfaces cde and
cfg and by the weight of the soil in sliding wedges acfg and bcde. For each set of assumed slip
surfaces, the corresponding load Q that would cause failure can be determined. The set of
slip surfaces giving the least applied load Q (that would cause failure) is the most critical;
hence, the soil’s ultimate bearing capacity (q) is equal to the least load divided by the footing’s
area.

T Unit Weight of Soil =+ _:i

I / i
WWWWW N N NI I 7NN
JARSASARAARRAASAARAARAE % RAASARARAARAARRALSA) eii by

g/j a b T
45° — 2 / d 45° — b2

Straight Line

Spiral

Fig 3.1: Bearing capacity failure in soil under a rough rigid foundation

16



TERZAGHI’S THEORY:
Terzaghi assumed the method of superposition to be valid presented the unit ultimate

bearing capacity in the form

1
Quit = cN¢ + qu + EYBYNY

Here,

Quit = Ultimate bearing capacity

¢ = Cohesion of Soil

N¢, Ng, Ny, = Terzaghi’s bearing capacity factors
y = Effective unit weight of soil

B = Width of footing

Values of the Terzaghi dimensionless bearing capacity factors for different values of ¢ can be
obtained from these equations:

Ng = e™™@"? tan®(45° + %)

Ne = cotd (Ng—1)
N, = (Ng— 1) tan(1.4 ¢)

Terzaghi derived the equation for ultimate bearing capacity of strip footing in which the case
the problem is essentially two-dimensional. But in the case of square or circular footing the
problem becomes three-dimensional and more complicated from mathematical point of
view. In the absence of rigorous theoretical analysis, Terzaghi suggested:

For square footing
Quie=13*c*N.+q*Ng+04*«Bxy=*N,
For circular footing

Quie=13*c*Nc.+q*Ng+03*Bx*y=*N,

For quite some time the equation obtained for strip footing was used in the case of
rectangular footing. Later rectangular footing was distinguished from strip footing as one for
which L=B and the following equation was suggested:

0.3B B

Qu1t=(1+ L)*C*Nc+q*Nq+(1— )*O.S*B*y*Ny

Limitations in Terzaghi’s analysis:

1. Terzaghi’s analysis assumes the plastic zones develop fully before failure occurs. This is
true only in the case of dense cohesion less soils and stiff cohesive soils.

2. The value of Phiis assumed to remain constant. But F can change as soil gets compressed.

3. The failure zones are assumed not to extend above the base level of footing. Thus, the
shearing resistance of soil surrounding it above its base level is neglected. The error due
to this assumption increases as the depth of footing is increased.

4. The load is assumed to be vertical and acting concentrically with uniform pressure

distribution at the base.
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MEYERHOF’S THEORY:

Meyerhof considered the effects of shearing resistance within the soil above foundation level,
the shape and roughness of foundation, and derived a general bearing capacity equation.

According to Meyerhof,

For vertical Load:

1
Quit = cNcscde + quSqdq + EYBYNYSYdY

For inclined load:
Quit = cNgscdie + qusqdqiq + %yByNysydyiV
Here,
Quit = Ultimate bearing capacity
¢ = Cohesion of Soil
N¢, Ny, N, = Meyerhof’s bearing capacity factors
y = Effective unit weight of soil
B = Width of footing
s, d, i = shape, depth and inclination factors

For any ¢, For ¢ > 10°, For ¢ = 0°,
B B

sc=1+0.2KPE, Sq = SV=1+0'1KPE' sq=sy—1,

d.=1+02,Kp, dg = dy, =1+0.1/Kp, dg=d, =1,

i, = iq=(1—%)2. iq = (1—%)2. i, =0

Here,

K, = tan? (450 + %)

o = angle of resultant measured from vertical axis.

Iogarithm ie spiral

Fig 3.2: Failure zones assumed in Meyerhof’s theory
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HANSEN’S THEORY:
J. Brinch Hansen (1970) proposed what is referred to as general bearing capacity equation.

. . 1 .
Qult = CNcScdclcgcbc + quSqdqlngbq + EVBYNYSYdYLYngY

where,
B
sc =0.2 *E,whenq):O
_ Ng*B
Sce=1+ NeeL ! when ¢ >0
Sq=1+(B/L) tand
S 1-04 B
=1—-04 x—
Y L

d. =04+, for¢=0andD/B< 1
d. = 0.4 xtan 1 D/B for ¢ =0and D/B> 1
d. =1+ 042 for¢p>0and D/B < 1

d.=1+0.4«tan"*D/B for ¢ >0and D/B> 1
dq = 1+ 2 tan¢ * (1 — sing) ** (D/B) for D/B < 1
dg = 1+ 2tan¢ = (1 — sing) ** tan™' D/B for D/B>1

To a great extent, Hansen’s work is an extension of Meyerhof’s analysis, as is evident from
comparison between the two equations. To include conditions for footing on slope Hansen
has introduced two additional factors viz., the ground factors and base factors.

BEARING CAPACITY FROM SPT FOR GRANULAR SOIL:

The SPT is widely used to obtain the bearing capacity of soils directly. One of the earliest
published relationships was that of Terzaghi and Peck (1967). This has been widely used, but
an accumulation of field observations has shown these curves to be overly conservative.
Meyerhof (1956, 1974) published equations for computing the allowable bearing capacity for
a 25-mm settlement. These could be used to produce curves similar to those of Terzaghi and
Peck and thus were also very conservative. Considering the accumulation of field observations
and the stated opinions of the authors and others, this author adjusted the Meyerhof
equations for an approximate 50 percent increase in allowable bearing capacity to obtain the
following:

N
qa_F_le B<F4
N /B+F,
qa=F—2< B )Kd B > F,

Where q, = allowable bearing pressure for AHp = 25-mm or 1-in. settlement, kPa or ksf

K; =1+0.33 % < 1.33 [as suggested by Meyerhof (1965)]
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F factor as follows:

Nss Nvo

Sl Fps Sl Fps
F1 0.05 2.5 0.04 2.0
F2 0.08 4 0.06 3.2
F3 0.30 1

Same Same
Fa 1.20 4
METHOD BEST FOR

Very cohesive soils where D/B < 1 or for a quick estimate of

Qult to compare with other methods. Do not use for footings

Terzaghi
with moments and/or horizontal forces or for tilted bases
and/or sloping ground.
Hansen, Meyerhof, Any situation that applies, depending on user preference or
Vesic familiarity with a particular method.
Hansen, Vesic When base is tilted; when footing is on a slope or when

D/B> 1.




3.2 ULTIMATE GEOTECHNICAL CAPCITY OF PILE

The ultimate geotechnical capacity, (Quitimate) Of @ pile consists of skin friction or shaft friction
or side shear, (Qg) and end bearing at the base or tip of the pile, (Qp).

So, the Ultimate Geotechnical Capacity (axial) of a pile is
Quitimate = Qs+ Qp

Here,

Quitimate = Ultimate Geotechnical Capacity (axial) of a pile

Qg = Skin Friction

Qp = End Bearing

The skin friction,Qsand end bearing, Qpcan be calculated as:
Qs = Af
Qb = Apfp
Ag = skin friction area (perimeter area)of the pile = Perimeter X Length
fs = skin frictional resistance on unit surface area.
Ap = end bearing area of the pile = Cross-sectional area of pile tip (bottom)
f, = end bearing resistance on unit tip area of pile.

Qu = Q + Qb [ Q, = ultimate bearing capacity J
S

4

‘ : P =[ Q, = skin friction ]
X ‘nn‘ ey ) e =[ Q, = end bearing ]
- Overburden Soil Layer. !

Fig 3.3: Ultimate Bearing Capacity of Pile

ESTIMATION OF ULTIMATE GEOTECHNICAL CAPACITY OF BORED PILE

For Cohesive Soil

A modified Terzaghi bearing capacity equation is used to find the pile capacity. The a-method
that is based on total stress analysis and is normally used to estimate the short-term load
capacity of piles embedded in fine grained soils. In this method, a coefficient a is used to relate
the undrained shear strength “c” to the adhesive stress (f;) along the pile shaft. As such,

fg= axc

Here,

o = adhesion factor between pile and soil

¢ = cohesion of the soil

Values of a varies with cohesion of the soil.



So, Skin Friction of Pile for Cohesive soil, Qs = Ag *a * ¢

The end bearing in such a case is found by analogy with shallow foundations and is expressed
as:

Qp = cp * (No)p * Ap

N is a bearing capacity factor and for deep foundation the value is usually 9. “c” is the
undrained shear strength of soil at the base of the pile. The suffix b’s are indicatives of base
of pile.

The general equation for N.is, however, as follows.

L
Ne=6 [1 0.2(—)] <9
C + Db
So, End Bearing of Pile for Cohesive soil, Q, = 9 * c * Ay

Ultimate Pile Capacity in Cohesive soil,
Quitimate = As *a * c+9 x cx Ay

For Cohesionless Soil

A modified version of the Terzaghi bearing capacity equation is widely used for pile design.
The third term or the density term in the Terzaghi bearing capacity equation is negligible in
piles and hence usually ignored. The lateral earth pressure coefficient (K) is introduced to
compute the skin friction of piles. The § -method is based on an effective stress analysis and
is used to determine both the short term and long-term pile load capacities.

As such,

f; = K * oy, * tand
Here,
K =lateral earth pressure coefficient.
o, = effective stress at the perimeter of the pile. (Varies with the depth. Usually, value at the
midpoint of the pile is obtained).
0 = friction angle between pile and soil.
So, Skin Friction for Cohesion less soil is

Qs = K* o}, *tand * Ag
The base resistance for Cohesion less soil is obtained from the following equation:

Qp = Apfy, = Ap * o¢* Ng
Here,
o, = effective stress at the tip of the pile
Ng = bearing capacity coefficient

So, The Ultimate Geotechnical Capacity of Pile for Cohesion less soil is

Quitimate = K * 07 * tand x Ag + Ay, * o * Nq
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According to the Nordlund Method, the ultimate capacity of a pile in cohesion less soil is the
sum of the shaft resistance and the toe resistance. These piles, which were used to develop
the method's design curves, had pile widths generally in the range of 250 to 500 mm (10 to
20inches). The Nordlund Method tends to overpredict pile capacity for piles with widths
larger than 600 mm (24 inches).

Nordlund suggests the shaft resistance is a function of the following variables:
. The friction angle of the soil.

. The friction angle on the sliding surface.

. The taper of the pile.

. The effective unit weight of the soil.

. The pile length.

. The minimum pile perimeter.

. The volume of soil displaced.

N o bk WN R

The Nordlund Method equation for computing the ultimate capacity of a pile is as follows:

d=D _
Q ZK c . sin(6 + w) A4 N A
= * * 0, k — % o * * * O
ult ) F v/ COS S t q b t
d=0
Here,
d = Depth

D = Embedded pile length.

Kg = Coefficient of lateral earth pressure at depth d.

Cg = Co-relation factor for K5 when 6z¢

w = Angle of pile taper from vertical

a; = Dimensionless factor (dependent on pile depth-width relationship).

ESTIMATION OF ULTIMATE GEOTECHNICAL CAPACITY OF DRILLED SHAFT
For Cohesive Soil
Skin friction resistance in cohesive soil according to a-method is:

fg= axsy,
a = adhesion factor =0.55 for undrained shear strength < 190 kPa (4000 psf)
su = undrained shear strength of soil along the shaft
For higher values of s, the value of a may be taken from the following figure obtained from
test data of previous investigators.
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Undrained Shear Strength, s, (kPa)
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Legend
® Uplifi (65 Tests)
A Compression (41 Tests)

0.6~

Adheslon Factor, a
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0 1000 2000 3000 4000 5000 6000
Undrained Shear Strength, s, (Ib/i?)

Fig 3.4: Adhesion factor a for drilled shaft (after Kulhawy and Jackson, 1989)
So, Skin Friction of Pile for Cohesive soil, Qg = Ag * & * sy,

The end bearing is obtained from following equation:
fp, = No* S, <4000 kPa

L
Ne=6(1+02%) <9

Here,

fb = End bearing stress

Su = undrained shear strength of soil along the shaft

Nc = Bearing capacity factor

L = Length of the pile (Depth to the bottom of the shaft)
Dy = Diameter of the shaft base

If the base diameter is more than 1900 mm, the value of f, could produce settlements greater
than 25 mm, which would be unacceptable for most buildings. To keep settlement within
tolerable limits, the value of fy should be reduced to f,” by multiplying a factor F, such that:

fb, = Fr *fb

2.5
F, = <1.0

120w, * % +w,
T

L
w; = 0.0071 + 0.0021 = D, < 0.0015
b

S
w, = 1.59 [=; 0.5 <w, <15
GI‘
Br = Reference width=1ft =0.3 m =12 inch =300 mm
or = Reference stress = 100 kPa = 2000 psf
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For Cohesionless Soil

Skin friction resistance in cohesionless soil is usually determined using the B-method. The
relevant equation is reproduced again:

f, = B *x 0, = K=* o}, * tand,
Here,
K =lateral earth pressure coefficient.
o, = Effective vertical stress at mid-point of soil layer
¢ = Soil shaft interface friction angle

The values of K and ¢ can be obtained from the following Table from the soil friction angle,
¢ and preconstruction coefficient of lateral earth pressure Ko. However, Kois very difficult to
determine. An alternative is to compute B directly using the following empirical relation.

Z
B =15-0135 |—
B,

Where, B, = Reference width=1 ft =0.3 m = 12 inch = 300 mm
z = Depth from the ground surface to the mid-point of the strata

TYPICAL ¢s/db AND K/Ko VALUES FOR THE DESIGN OF DRILLED SHAFT

Construction / Construction K/K
Method s Method 0
Dry construction with
Open hole or 1.0 minimal side wall 1.0
temporary casing ' disturbance and '

prompt concreting

Slurry method — Slurry construction —

1.0 . 1.0
minimal slurry cake good workmanship
Slurry method — 08 Slurry constructior.m - 2/3
heavy slurry cake poor workmanship
Permanent casing 0.7 Casing under water 5/6

The unit end bearing capacity for drilled shaft in cohesionless soils will be less than that for
driven piles because of various reasons like soil disturbance during augering, temporary stress
relief while the hole is open, larger diameter and depth of influence etc. The reasons are not
well defined, as such the following empirical formula developed by Reese and O’ Nell (1989)
may be suggested to use to estimate end bearing stress.

f, = 0.60 g, N < 4500 kPa
Here, f, = Unit bearing resistance
or = Reference stress = 100 kPa = 2000 psf
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N = Mean SPT value for the soil between the base of the shaft and a depth equal to two times
the base diameter below the base. No overburden correction is required (N= Neo)

If the base diameter is more than 1200 mm, the value of f, could produce settlements greater
than 25 mm, which would be unacceptable for most buildings. To keep settlement within
tolerable limits, the value of fy should be reduced to fp* by multiplying a factor F, such that:
So, The Ultimate Geotechnical Capacity of Pile for Cohesion less soil is
fy' = F xfy
B,
F.= 417*x— < 1.0

Dy

Where, B, = Reference width=1 ft =0.3 m = 12 inch = 300 mm

Dy = Base diameter of drilled shaft
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3.3 LIQUEFACTION POTENTIAL ANALYSIS

Liquefaction is a phenomenon during which soil (mainly fine sand and silty sand) losses its
shear strength significantly and behaves as a fluid. During earthquakes, due to generation of
excess pore pressure, effective stress will be reduced, and the soil may undergo complete
liguefaction or decrease in shear strength causing settlement and lateral spreading of soil
mass.

This phenomenon continues until the excess pore water pressure dissipates. Factors
influencing are — soil type, relative density, confining pressure, stress due to earthquake,
duration of earthquake and drainage condition etc.

Depending upon the location and extension of liquefiable soil layer below foundation, the
foundation of any structure is susceptible to damage due to liquefaction. Hence, predicting
soil liqguefaction resistance is an important step in the engineering design of any engineering
structure in seismic prone region.

Liquefaction potential is estimated based on cyclic stress ratio and cyclic resistance ratio. In
this subsoil investigation report, liquefaction potential is analyzed based on Idriss and
Boulanger 2014 Method. According to this method,

Tav

. . a (o)
Cyclic stress ratio, CSRmw,ov = == = 0.65 » =&+ =22 x 1

vo g Ovo

Where, rq = Stress reduction coefficient = exp[a(z) + B(z)*Mw]
o =-1.012 - 1.126 * sin{(z/11.73) + 5.133}
B =0.106 + 0.118 * sin{(z/11.28) + 5.142}

Cyclic Resistance Ratio,

N. cs N cs 2 N cs 3 N cs 4
CRRuiw=7.50v-1sim = exp [ ({0etes)” _ ((tdaves)™ (M) ™ 5 g)

(N1)socs = Equivalent clean sand SPT-value = (N1)eo + A(N1)eo

9.7 157 \2
A(N1)eo = exp [1.63 + FC+0.01 (FC+0.01) ]

Magnitude scaling factor, MSF = 1 + (MSF,,,4,, — 1){8.64exp (%) —1.325}

(Nsocs
MSE, ., = 1.09 + (31—565 <22

1
18.9-2.55\/(N)gocs

Overburden correction factor, Ko = 1 — C, ln(?) < 1.1; where, Cs =
a

0.3

CRR *MSF+Kqs

My,=7.5, a;;=1atm
CSR

Factor of Safety Against Liquefaction, F;, =

'
My, 0y

When the factor of safety is F. < 1, liquefaction is said to take place.



LIQUEFACTION REVIEW AND EVALUATION CRITERIA:

Criteria for Liquefaction review:

Evaluation of Liquefaction Resistance of Soils: Idriss and Boulanger 2014 Method.
Peak ground acceleration, (PGA): As per site condition during investigation.
Moment Magnitude, My: 7.5

Water Table: As per site condition during investigation.

Criteria for evaluating Liquefaction possibility:
a) Soil Type:

In terms of the Soil Types most susceptible to liquefaction, Ishihara (1985) states: The hazard
associated with soil liquefaction during earthquakes has been known to be encountered in
deposits consisting of fine to medium sand and sands containing low plasticity fines. The soil
types susceptible to liquefaction are non-plastic (cohesionless) soils. An approximate listing
of cohesionless soils from least to must resistant to liquefaction is clean sands, non-plastic
silty sands, non-plastic silt and gravels.

There could be numerous exceptions to this sequence. For sample Ishihara (1985 and 1993)
describes the case of tailings derived from the industry that were essentially composed of
ground-up rocks and were classified as rock flour. Ishihara (1985 and 1993) states that the
rock flour in a water saturated slate did not possess significant cohesion and behaved as if it
were clean sand. These tailings were shown to exhibit as low a resistance to liquefaction as
clean sand. Seed et al. (1983) stated that based on both laboratories testing and field
performance, the great majority of cohesive soils will not liquefy during earthquakes.

Using criteria originally staled by Seed and Idriss (1982) and subsequently confirmed by Youd
and Oilstrap (1999) in order for a cohesive soil to liquefy, it must meet all the following three
criteria:

1. The soil must have less than 15 percent of the particles, based on dry weight, that are
finer than 0.005 mm (i.e., percent finer at 0.005 mm < 15 percent).

2. The soil must have a liquid limit (LL) that is less than 35.

3. The water content, w of the soil must be greater than 0.9 of the liquid limits.

However, according to Finn et. Al. 1994 and BNBC 2020, fine grained soils (silty clays/ clayey
silt) are susceptible to liquefaction if:

Fraction finer than 0.005 mm < 10%
Liquid limit (LL) < 36%

Natural water content 2 0.9 x LL
Liquidity index > 0.75

PwnNPRE

b) Soil Depth: Soil depth less than 22.5 m.
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3.4 CORRECTION & STANDARDIZATION OF SPT-N

According to BNBC 2020 Appendix D and on the basis of field observations, it appears
reasonable to standardize the field SPT number as a function of the input driving energy and
its dissipation around the sampler around the surrounding soil, the variations in testing
procedures may be at least partially compensated by converting the measured B to Ngo as
follows.

E,CzCrCsN
0= ""06

Here,

Neo = Corrected SPT N-value for field procedures
EH = Hammer efficiency

CB = Borehole diameter correction

Cs = Sampler correction

Cr = Rod length correction

N = Measured SPT N-value field

This correction is to be done irrespective of the type of soil encountered.
Corrections of SPT Value for Overburden Pressure for All Types of Cohesionless Soils:

In cohesionless soils, the overburden pressure affects the penetration resistance. For SPT
made at shallow levels, the values are usually too low. At a greater depth, the same soil at the
same density index would give higher penetration resistance.

As the correction factor came to be considered only after 1957, all empirical data published
before 1957 like those by Terzaghi is for uncorrected values of SPT. Since then, a number of
investigators have suggested overburden correction. As such, all field SPT values are to be
corrected by the correction factor given by them as:

2000

Cy = 0.77 log( >
0

)

Here,
oo = is the effective overburden pressure. Thus, (N1)so = Cn X Neo
The maximum value of correction factor Cy is 2.

Corrections of SPT Value for Water Table (Dilatancy) in case of Fine Sand and Silty Sand:

In addition to corrections of overburden, investigators suggested corrections of SPT-values
for water table in the case of fine sand or silt below water table. Apparently, high N-values
may be observed especially when observed values is higher than 15 due to dilatancy effect.
In such cases, following correction is recommended (Terzaghi and Peck, 1948).

(N1)60(corrected) =15+0.5 [(Nl)GO - 15]

Where, (N1)so(corrected) is the corrected (N1)eo for water table. For coarse sand this correction is
not required. In applying this correction, overburden correction is applied first and then this
dilatancy correction is used.
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4.1 BASIC REQUIREMENTS FOR FOUNDATION DESIGN

Design of a foundation for building structure requires following three geotechnical
parameters:

1. Bearing capacity

2. Settlement

3. Seismic information of the site

According to section 3.4, BNBC 2020 and based on the results of our field investigation,
laboratory testing and engineering judgement, our recommendations regarding above
mentioned geotechnical parameters are as follows:

1. Bearing Capacity:

The prime objective of this investigation is to study the sub-soil characteristics at this site and
to assess the Ultimate bearing capacity & Settlement of the sub-soil.

A. Shallow Foundation Capacity:

All the soil parameters required for calculating the soil bearing capacity are given in this
report. Consultant may choose the convenient method to calculate the bearing capacity. A
minimum factor of safety 2 to 3 Should be adopted to obtain safe bearing capacity while
considering general shear failure and when dead load and normal live load is used. Thirty
three percent (33%) overstressing above allowable pressure shall be allowed in case of design
considering wind or seismic loading.

B. Pile Capacity

i.  Cast-In-Situ (Bored) Pile Capacity

Two different theories were used to calculate the ultimate geotechnical capacity of cast
in situ pile. The carrying capacities of bored RC piles for 24" dimension of various
embedment length are given in Attachment-3. This report contains all the essential
soil parameters needed to calculate the soil bearing capacity. The consultant may select
both the convenient method and dimensions for assessing the carrying capacity of the
bored pile.
ii.  Precast (Driven) Pile Capacity

The carrying capacities of precast piles are given in Attachment-3 for 16" dimension.This
report contains all the essential soil parameters needed to calculate the soil bearing
capacity. The consultant may select both the convenient method and dimensions for
assessing the carrying capacity of Driven pile. Maximum L/B (Length/Width) ratio should
be less than 50 for driven precast pile.

N.B: The actual pile capacity should be determined by carrying out load tests at site as per
BNBC 2020.

2. Settlement:

After finalizing the required geometry of the foundations, it is expected that for the above-
mentioned allowable bearing capacities, the settlement of this structure would remain within
tolerable margin. Total settlement should be evaluated as per BNBC 2020.
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3. Seismic Information of The Site:
Seismic information of the site according to BNBC-2020 are given here:

[As per Table 6.2.13, BNBC 2020] [As per Figure 6.2.24, BNBC 2020]
Borehole
No. ] Seismic Intensit Seismic Zone s
Classification ¥ Coefficient
01 SD SEVERE ZONE -1l 0.28
02 N/A SEVERE ZONE - 1l 0.28
03 N/A SEVERE ZONE -1l 0.28
04 N/A SEVERE ZONE -1l 0.28

N/A=Not applicable as the boring depth Is less than 30m.

Note: To determine the site class, soil data for a depth of 30 meters is required. If we
extend the layers below to reach this depth, we can suggest a site class. For borehole 1
based on soil data from 1.5m to 30m, the site class can be suggested as SD.
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4.2 RECOMMENDATION

It is relevant to mention here that this report should be comprehensively examined and not
fragmented or selectively referenced. Such an approach is vital in order to prevent any
potential misinterpretation of the information presented. The report encompasses the
findings related to the sub-soil condition, which have been derived from the borehole
locations and subsequent analysis of representative soil samples obtained from those specific
locations.

It is acknowledged that there may exist local variations in the sub-soil conditions that have
not been explicitly addressed through the existing bore hole locations. However, this sub-soil
investigation report offers recommendations and findings that serve as a basis for addressing
and mitigating any such local sub-soil variations.

By thoroughly considering the provided findings, one can effectively overcome potential
challenges posed by these unexplored variations. This approach ensures informed decision-
making and accurate conclusions pertaining to the sub-soil conditions. It is imperative to bear
in mind that a comprehensive understanding of the report is crucial to avoid any
misinterpretation and to facilitate appropriate actions and measures based on the entirety of
the sub-soil investigation report.

MD. AYATULLAH NAWAZ MD. TOUHIDUL HASAN MD. NAIM PARVEJ

Asst. Geotechnical Engineer Geotechnical Engineer Geotechnical Engineer

B.Sc. Engineer (Civil), BUET B.Sc. Engineer (Civil), UAP M.Sc. Engineer (Geotech), BUET
B.Sc. Engineer (Civil), BUET
MIEB: M-42251
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APPENDIX-01
BOREHOLE LOCATION PLAN



Kaptai 7.6 MW Solar PV Project Area “\ GEOSCAPE

BH 04

Control Cum
Office Building

Area .

P

Plant Sub-Station

Area .
T~

. BH 01
Plant Sub Station Area 3 Acre:

Note:
1.  Project Area = 100,402 m2 or 24.80 Acres (Including all)

2. Area for Plant Substation and Control Cum Office
Building = 12,145 m2 or 3 Acres)

BORE HOLE LOCATION PLAN
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LABORATORY TEST RESULTS



APPENDIX-2A
BORE LOG



GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd. BORE LOG
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka BHNO : 01
. LAT (deg): N 22.483800
CLIENT : BANGLADESH POWER DEVELOPMENT BOARD( BPDB) LONG (deg): E 92.238058
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) |DATE OF BORING: 03-11-2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH T.B.M. = 0, CONSIDERED AT ROAD LEVEL
REDUCED LEVEL, R.L = (-) 0.60 m
L : B DE -
OCATION : KAPTAI, RANGAMATI, BANGLADESH GROUND WATER LEVEL = (-) .15 m
> 5 :(' w
3 g % . ﬁ LITHOLOGICAL DESCRIPTION S 3
= wilg|yee gl g S.P.T NUMBER
E % a9 CONSISTENCY OR 2= F (Number of Blows per 0.3 m)
s T I a
=) s 2 = | STRATA COMPOSITION uscs PLASTICITY COMPACTNESS E b
s sl sl ol 5] 8] =] 2] g] 8] g
w [
< = Silty Clay
o [C
15 8
I Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff/ Stiff
3 [ | D02 . It
N 1y | Mostly Silt with Some Clay CL, Lean Clay Plastic Very Soft/ Soft
[ -
a5 | | D-03 [ . 5Tt
N 1y | Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff
[ -
6 D-04 [[TTTT| . a
I n Mostly Silt with Some Clay CL, Lean Clay Plastic Soft/ Medium Stiff
[ -
75 | | D05 =T
9 : D-06 [[TTT]] E Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff 5 +
105 [ |07 8
I n Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff/ Stiff
[ -
TN N £ [Mostly Sand with Little Silt
N n ostly Sand with Little 5i SM, Silty Sand Non-Plastic Loose
I - and Few Clay
s |7 £ [Mostly Sand with Little Silt |
N n ostly sand wi trle S SM, Silty Sand Non-Plastic Medium Dense
I - and Few Clay
O N £ [Mostly Sand with Little Silt 3
N n ostly Sand with Little 5i SM, Silty Sand Non-Plastic Dense
I - and Few Clay
s |PH £ [Mostly Sand with Little Silt ’
N n ostly sand wi trle S SM, Silty Sand Non-Plastic Medium Dense
I - and Few Clay
O N £ [Mostly Sand with Little Silt
N n ostly Sand with Little 5i SM, Silty Sand Non-Plastic Dense
I - and Few Clay
195 [ | D-13|IIIT 1
I~ £ |Mostly Sand with Little Silt . . . . &
1 [ D141 e and Few Clay SM, Silty Sand Non-Plastic Medium Dense
D-15
225 B (LTI 6" OVER
D-16[TTT] & e I
24 N n Mostly Silt with Little Clay CL-ML, Silty Clay Plastic Hard 50 | 12" OVER
i ) | | |
D-17
255 [ LTI 50 | 12" OVER
[  —r—|
SOIL INDEX LEGENDS
DISTURBED =]
SAMPLE [ CLAY sy ORGANIC SOIL [ ]
SAND FILL/RUBBISH
UNDISTURBED SAMPLE SILT MICA
%‘mﬂwg‘
FIELD SUPERVISER CHECKED BY
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GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd. BORE LOG
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka BH NO : 02
. LAT (deg): N 22.483770
CLIENT : BANGLADESH POWER DEVELOPMENT BOARD( BPDB) LONG (deg): E 92.239518
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) (DATE OF BORING: 05-11-2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH T.B.M. = 0, CONSIDERED AT ROAD LEVEL
. REDUCED LEVEL, R.L=(-) 0.65 m
LOCATION : KAPTAI, RANGAMATI, BANGLADESH GROUND WATER LEVEL = (-) 4.25 m
. x -
£ g a A LITHOLOGICAL DESCRIPTION S Y
= 2 o] =
= w2182 EIE S.P.T NUMBER
E % (g9 CONSISTENCY OR 2= (Number of Blows per 0.3 m)
s T I a
a g 3 = | STRATA COMPOSITION uscs PLASTICITY COMPACTNESS E 4
NEIEEREEEEREE
- €
o n Silty Clay
o -
15 | D-01 6
— £
| n Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff
-
3 | 1|
: Mostly Silt with Some Clay CL, Lean Clay Plastic Very Soft
45 | 3 |
: Mostly Silt with Some Clay CL, Lean Clay Plastic Soft
6 | |D-0a 4
£ N . . . 1
75 | D-05 ]III[ o Mostly Silt with Some Clay CL, Lean Clay Plastic Soft/ Medium Stiff 2
9 | |p-os 6 I
105 D-07 ]III[ E Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff 5 4
12 | |p-08 7
35| D-09 ]III[ E Mostly Silt with Little Clay ML, Silt Plastic Medium Stiff 7 +
15 | |p-10 e 9
n Mostly Silt with Little Clay ML, Silt Plastic Stiff
[ o
SOIL INDEX LEGENDS
DISTURBED ]
SAMPLE ([T cLay o ORGANIC SOIL [ ]
SAND FILL/RUBBISH
UNDISTURBED SAMPLE SILT MICA
Jng'\aAvhmmj“
FIELD SUPERVISER CHECKED BY
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GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd. BORE LOG
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka BH NO :03
. LAT (deg): N 22.483592
CLIENT : BANGLADESH POWER DEVELOPMENT BOARD( BPDB) LONG (deg): E 92.241908
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) |DATE OF BORING: 05-11-2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH T.B.M. =0, CONSIDERED AT ROAD LEVEL
) REDUCED LEVEL, R.L = (+) 0.30 m
LOCATION : KAPTAI, RANGAMATI, BANGLADESH GROUND WATER LEVEL = (-) 2.90 m
. x -
3 g a A LITHOLOGICAL DESCRIPTION g Y
- 2 © =
z w2182 gg| g S.P.T NUMBER
E % (38 CONSISTENCY OR 6‘ = | = (Number of Blows per 0.3 m)
s T I a
o s 3 = | STRATA COMPOSITION uscs PLASTICITY COMPACTNESS | £ b
NEIEEREEEEREE
o £
i n Silty Sand
o [ -
1.5 | |[p-o1 2 |
B g |MostlySand with Little Sitt| g0 oo _ 1
3 | D-02 ]I[[[ n and Few Clay , Silty San: Non-Plastic Very Loose 2 +
45 | |D-03 3 |
- £
| n Mostly Silt with Little Clay CL-ML, Silty Clay Plastic Soft
-
6 | |D-0a 6 I
- £
n Mostly Silt with Little Clay CL-ML, Silty Clay Plastic Medium Stiff
[ -
75 | 8 =
: Mostly Silt with Some Clay CL, Lean Clay Plastic Medium Stiff/ Stiff
9 | 46 \
: Mostly Clay with Some Silt CH, Fat Clay Plastic Hard
105| |[D-07 7" OVER
B £ |Mostly Sand with Little Silt ) _ |
2| D-08 ]I[[[ h and Few Clay SM, Silty Sand Non-Plastic Very Dense T OVER
135 | |D-09 50 | 12" OVER |
— E Mostly Silt with Little Clay ML, Silt Plastic Hard
15 | |o-20] 50 | 12" OVER
SOIL INDEX LEGENDS
DISTURBED ]
SAMPLE ([T cLay o ORGANIC SOIL [ ]
SAND FILL/RUBBISH
UNDISTURBED SAMPLE SILT MICA
Marnmesd™ R
FIELD SUPERVISER CHECKED BY

Y|



GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd. BORE LOG
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka BH NO : 04
. LAT (deg): N 22.483800
CLIENT : BANGLADESH POWER DEVELOPMENT BOARD( BPDB) LONG (deg): E 92.238058
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) (DATE OF BORING: 06-11-2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH T.B.M. = 0, CONSIDERED AT ROAD LEVEL
. REDUCED LEVEL, R.L = (-) 0.60 m
LOCATION : KAPTAI, RANGAMATI, BANGLADESH GROUND WATER LEVEL= (-) 2.15 m
. x -
£ g a A LITHOLOGICAL DESCRIPTION S Y
= 2 o] =
= w2182 EIE S.P.T NUMBER
E % (g9 CONSISTENCY OR 2= (Number of Blows per 0.3 m)
s T I a
a g 3 = | STRATA COMPOSITION uscs PLASTICITY COMPACTNESS E b
NEIEEREEEEREE
o €
o n Silty Clay
o -
1.5 | 6 1
: Mostly Silt with Some Clay CH, Fat Clay Plastic Medium Stiff
3 | 8
: Mostly Silt with Some Clay CH, Fat Clay Plastic Medium Stiff/ Stiff
45 | |[D-03 7 \
— £
| n Mostly Silt with Some Clay CH, Fat Clay Plastic Medium Stiff
-
6 | |D-0a 10
— €
1 [ Mostly Silt with Some Clay CL, Lean Clay Plastic Stiff
[ -
75 | |pos 7 1
— £
| n Mostly Silt with Some Clay CH, Fat Clay Plastic Medium Stiff
-
9 | |p-os 8 1
— €
1 [ Mostly Silt with Some Clay CH, Fat Clay Plastic Medium Stiff/ Stiff
[ -
105| |Dp-07 8 /
— £
| n Mostly Silt with Little Clay ML, Silt Plastic Medium Stiff/ Stiff
-
12 | |p-08 4
— €
n Mostly Silt with Little Clay ML, Silt Plastic Soft/ Medium Stiff
[ -
135 | |D-09 5 | |
— E Mostly Silt with Little Clay ML, Silt Plastic Medium Stiff
15 || o0l 6 F
SOIL INDEX LEGENDS
DISTURBED ]
SAMPLE ([T cLay o ORGANIC SOIL [ ]
SAND FILL/RUBBISH
UNDISTURBED SAMPLE SILT MICA
o warmmes — ekl
FIELD SUPERVISER CHECKED BY
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GRAIN SIZE DISTRIBUTION CURVES



2\ GEOSCAPE

~ g Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 03/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD &
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 L % % + ?
1 1
] ]
! N
1 1
20 ; ;
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 1
0 : :
1 1
= | |
] ! ! <k
5w : :
-— 1 1
w | \ \
E 1 1 \
o 50 ! !
£ | , \
r4 1 1
£ | | \
40 ! !
g | | N
o 1 1 NG
frr ! ! N
a 1 | \1*
30 L
1 —
1 1
1 1
1 1
20 L L
1 1
1 1
L-I—
1 1 —u
, , e =
=1
10 : ! = -
1 1
1 1
1 1
0 ) .
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND LL PL Pl SAND (%) SILT (%) CLAY (%) Deo Dy Dyo [ Cy FG/CG uscs
D-3 4.5 === 36 2239 | 13.61 0 68 32 FG cL
1 D-8 12 70 21 9 0.123 0.075 0.007 6.5331 17.5714 cG sm
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2\ GEOSCAPE

~ g Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 03/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD &
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 L i e L
: \\ |
1 1
1 1
90 - -
] ]
1 1
] ]
1 1
80 . .
1 1
1 1
1 1
70 . .
1 1
= | |
3 ] |
'g 60 : .
o : :
3 ! 1 \.\
& 50 L L \
™ 1 1
w 1 1
r4 1 1
™ 1 1
5 a0 ' ' \\
S | |
o 1 1
[ | 1 \
a 1 1
30 1 1
1 1
1 ] ‘\
1 \ 1 N
| \| ) 1
20 : h Nal
1 ! ‘\\ T
1 1 ~—~——m
. ! ! s R
! ! Ne-
X ! ” e .
1 1 v n 4
1 1
0 4 !
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND I PL Pl SAND (%) SILT (%) CLAY (%) Deo D, Dyo C C FG/CG | USCS
D-11 16.5 —— 80 15 5 0.189 0.102 0.016 3.4405 11.8125 | CG B
1 D-16 24 28 | 2232 | 5.68 0 81 19 FG LML
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2\ GEOSCAPE

~ g Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 05/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 L % % % L
i i
1 1
1 1
20 ; ;
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 1
70 . .
1 1
3 ! !
] i |
'g 60 : .
-— 1 1
E 1 1 &
> 1 1
o 50 ! !
o ] ] k
] ! T
™ 1 1
E 40 ! ! \
E ] 1 \*
o 1 1 \A*_
= | | — o
a 1 1
1 1
30 . . \l\
1 1
| | Nal |
20 1 1 —a
1 1
1 1
1 1
1 1
10 - -
1 1
1 1
1 1
1 1
0 n .
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND LL PL Pl SAND (%) SILT (%) CLAY (%) Deo Dy Dyo [ Cy FG/CG uscs
D-5 7.5 === 35 21.26 | 13.74 0 64 36 FG cL
2 D-10 15 39 26.96 | 12.04 0 76 24 FG ML
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"\ GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd.
i House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 05/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD &
ASTM D 7923
GRAVEL SAND | SILT CLAY
100
; & & b & :
| \ |
1 1
90 . X .
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 1 -
70 : : i~
1 | \
g : : S
'g 60 ! : '
g I =
2 i
> I I S e
) 50 ! !
g ' ' X AN
! ! M-
o | 1 ——
5 a0 : : —e |
w
Q
& | | [N
a 1 1 TS
30 ! \ | l’h.-
]
| N —=a
' ha
1 1
20 1 | ‘3\
1 1 \
1 1
—
: : -
10 L \ e
re— L
l : —
: ; :
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND LL PL Pl SAND (%) SILT (%) CLAY (%) Deo Dy Dyo [ Cy FG/CG uscs
D-1 1.5 e~ 78 15 7 0.214 0.118 0.012 5.4221 17.8333 G M
3 D-4 6 21 1462 | 6.38 0 71 29 FG CL-ML
D-5 7.5 —0—0- 45 25.69 | 19.31 0 55 45 FG cL
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Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 05/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 & & @ @
i i
1 1
1 1
20 ; ;
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 LN
70 : i \‘\
| | \
g i i
5 e : : .
9 1 1 \‘
w \ | ‘\ ™N
B | 1 \4\
E 50 ! | \ o
o ! 1 —
w | | \\ —
r4 1 1
™ 1 1
S 4 . .
S | |
o 1 1
= 1 \ 1
a 1 1 \‘
30 . T S
1 1
i NG —e
I :
20 1 1
1 1
1 1
1 1
1 1
10 L LAl ——gy-
: ! T [
1 1 T —
: : :
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND LL PL Pl SAND (%) SILT (%) CLAY (%) Deo Dy Dyo [ Cy FG/CG uscs
D-6 9 === 55 31.58 | 23.42 0 49 51 FG CH
3 D-8 12 76 19 5 0.219 0.099 0.045 0.9945 4.8667 cG sm
D-10 15 *—0—0- 33 25.17 7.83 0 71 29 ML

~\ GEOSCAPE

Consultants Ltd.
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2\ GEOSCAPE

~ g Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 06/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD &
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 L % % % L
i i
1 1
1 1
20 ; ;
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 1
0 : :
1 1
= | |
] i |
'g 60 : .
-— 1 1
E 1 1
- ] ! \.t
) 50 ! - kgﬁ
™ 1 1
w 1 1
E ! ! \
™ ™~
= ) ) o~
E 40 1 1
2 ! | \m\l\“\\\*
& 1 ] -
30 : : —_—
1 1
1 1
1 1
20 L L
1 1
1 1
1 1
1 1
10 1 1
1 1
1 1
1 1
1 1
0 = :
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND LL PL Pl SAND (%) SILT (%) CLAY (%) Deo Dy Dyo [ Cy FG/CG uscs
D-2 3 === 54 35.65 | 18.35 0 62 38 FG CH
4 D-4 6 48 23.48 | 24.52 0 67 33 FG cL
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2\ GEOSCAPE

~ g Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF BORING: 06/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED DATE OF TEST: 12/11/2023
POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
ASTM D 6913
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD &
ASTM D 7923
GRAVEL SAND | SILT CLAY
100 L % % % L
i i
1 1
1 1
90 . .
] ]
1 1
] ]
1 1
80 : :
1 1
1 1
1 1
0 : :
1 1
= | |
] i |
'g 60 : .
-— 1 1
E 1 1
1 1
; 50 | ! *\‘
& ! IR
w
z
I | | \‘\-\\\
E ! ! ‘\
2 40
g : : N
& : : N
30 1 1 q e
1 1
1 1
. . NaL_|
1 1
20 1 1
1 1 —
1 1
1 1
1 1
10 : :
1 1
1 1
1 1
1 1
0 2 :
100 10 1 0.1 0.01 0.001
PARTICLE SIZE (mm)
BH NO. | SAMPLE NO.| DEPTH (m) LEGEND L PL Pl SAND (%) SILT (%) CLAY (%) Dso Dy Dy [ C FG/CG | USsCS
D-5 7.5 === 54 23.42 | 3058 0 66 34 FG CH
4 D-9 135 36 27.12 | 8.88 0 79 21 FG ML
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LIQUID LIMIT ANALYSIS CURVES



GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd.
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D4318
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
LIQUID LIMIT ANALYSIS CURVE
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
§ 6000 g 6000
£ 55.00 = 55.00
£ 5000 £ s0.00
S 4500 S as.00
Q Q
5 4000 i — £ 4000
3500 — 2 3500
2 3000 2 30.00
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 1 | DEPTH (m) | 4.5 | LIQUID LIMIT | 36 | PLASTIC LIMIT 22.39 BH. NO: | 1 | DEPTH (m) | 24 | LIQUID LIMIT | 28 | PLASTIC LIMIT 22.32
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
$ 60.00 $ 60.00
£ 55.00 £ 55.00
2 5000 £ s0.00
S 45.00 S 4s.00
£ 4000 \ £ 4000 |
Z 3500 Z 3500 I
2 3000 2 30.00
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 2 | DEPTH (m) | 7.5 | LIQUID LIMIT | 35 | PLASTIC LIMIT 21.26 BH. NO: | 2 | DEPTH (m) | 15 | LIQUID LIMIT | 39 | PLASTIC LIMIT 26.96
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GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd.
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D4318
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
LIQUID LIMIT ANALYSIS CURVE
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
§ 6000 g 6000
g ss.00 £ 55.00
£ 5000 2 s0.00 \
S as.00 S as.00
Q Q
5 4000 £ 4000 \
3 35.00 2 35.00
2 3000 2 30.00
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 3 | DEPTH (m) | 6 | LIQUID LIMIT | 22 | PLASTIC LIMIT 14.62 BH. NO: | 3 | DEPTH (m) | 7.5 | LIQUID LIMIT | 45 | PLASTIC LIMIT | 25.69
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
§ 60.00 \ $ 60.00
£ 55.00 £ 55.00
2 5000 £ s0.00
S 45.00 S 4s.00
£ 4000 £ 4000
£ 3500 2 3500 T
= 3000 S 3000 \
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 3 | DEPTH (m) | 9 | LIQUID LIMIT | 55 | PLASTIC LIMIT | 31.58 BH. NO: | 3 | DEPTH (m) | 15 | LIQUID LIMIT | 33 | PLASTIC LIMIT | 25.17
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Geoscape Consultants Ltd.
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D4318
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
LIQUID LIMIT ANALYSIS CURVE
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
§ 6000 g 6000
g 5500 £ 55.00 \
£ 5000 2 s0.00
S 4500 S as.00 \
Q Q
5 4000 £ 4000
3 35.00 2 35.00
2 3000 2 30.00
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 4 | DEPTH (m) | 3 | LIQUID LIMIT | 54 | PLASTIC LIMIT | 35.65 BH. NO: | 4 | DEPTH (m) | 6 | LIQUID LIMIT | 48 | PLASTIC LIMIT | 23.48
80.00 80.00
75.00 75.00
70.00 70.00
65.00 65.00
§ 60.00 \ { 60.00
£ 55.00 £ 55.00
£ s000 \ £ 5000
S 45.00 S 4s.00
£ 4000 £ 4000 \
2 3500 L 3500
2 30.00 2 30.00
25.00 25.00
20.00 20.00
15.00 15.00
10.00 10.00
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
No. of Blows No. of Blows
BH. NO: | 4 | DEPTH (m) | 7.5 | LIQUID LIMIT | 54 | PLASTICLIMIT | 23.42 BH. NO: | 4 | DEPTH (m) | 13.5 | LIQUID LIMIT | 36 | PLASTIC LIMIT | 27.12
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Lid.

Geoscape Consu Itants Ltd.
f»!% House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 02/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D 3080
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
DIRECT SHEAR TEST
350 300
300 250
g 20 &
= & 200
4} 4}
& 200 &
w w
- Z 150
T 150 H
w w
£ 2 100
S 100 H
50 50
0 : : : : : : 0 : : : : : : :
0 100 200 300 400 500 600 700 0 50 100 150 200 250 300 350 400
EFFECTIVE SHEAR STRESS, (kpa) EFFECTIVE SHEAR STRESS, (kpa)
BH. NO: 1 DEPTH (m) 19.5 ANGLE OF INTERNAL 26.9 COHESION, 1.14 BH. NO: DEPTH (m) 10.5 ANGLE OF INTERNAL 35 COHESION, 1.13
FRICTION, ¢ (deg) C (kpa) FRICTION, ¢ (deg) C (kpa)
1 1
0.9 0.9
__ 08 __ o8
£ o7 £ o7
] @
E 0.6 E 0.6
z 05 € 05
£ o4 & 04
s s
s 03 g o3
< E4
s 02 g o2
0.1 0.1
0 T T T T T T T T T 0 T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
EFFECTIVE SHEAR STRESS, (kpa) EFFECTIVE SHEAR STRESS, (kpa)
BH. NO: 0 DEPTH (m) 0 ANGLE OF INTERNAL COHESION, 0 BH. NO: DEPTH (m) 0 ANGLE OF INTERNAL COHESION, 0
FRICTION, ¢ (deg) C (kpa) FRICTION, ¢ (deg) C (kpa)
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UNCONFINED COMPRESSION
STRENGTH TEST CURVES
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\ Geoscape Consultants Ltd.
-4 House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D2166
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
UNCONFINED COMPRESSION STRENGTH TEST
BH NO. 1 DEPTH (m) | 2.44 BH NO. 2 | DEPTH(m) 3.96
100 60
\ \
50 /
80
- 40
g 60 ;f
- w
g ‘ﬁ 30
5 / ‘Z’ /
2 2
5 * / P
20
20 /
10
0 / ‘ ‘ ‘ ‘ ‘ 0 / ; ‘ | ‘
0 1 2 3 4 5 0 1 2 3 4 5
AXIAL STRAIN (%) AXIAL STRAIN (%)
UNCONFINED COMPRESSION STRENGTH, q,, (kPa) 93.94 UNCONFINED COMPRESSION STRENGTH, q,, (kPa) 54.65
UNDRAINED SHEAR STRENGTH, Su (kPa) 46.97 UNDRAINED SHEAR STRENGTH, Su (kPa) 27.33
MOISTURE CONTENT (%) 22.77 MOISTURE CONTENT (%) 23.98
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-4 House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
TEST METHOD: ASTM D2166
LOCATION: KAPTAI, RANGAMATI, BANGLADESH
UNCONFINED COMPRESSION STRENGTH TEST
BH NO. 3 DEPTH (m) ‘ 8.53 BH NO. 4 ‘ DEPTH (m) 2.44

120

T

100 /

: /

I
R4
|/

AXIAL STRESS, (kpa)

140

100

80

60

AXIAL STRESS, (kpa)

40

20

0 1 2

0 1 2 3 4 5 6 4
AXIAL STRAIN (%) AXIAL STRAIN (%)
UNCONFINED COMPRESSION STRENGTH, q, (kPa) 109.18 UNCONFINED COMPRESSION STRENGTH, q, (kPa) 120.44
UNDRAINED SHEAR STRENGTH, Su (kPa) 54.59 UNDRAINED SHEAR STRENGTH, Su (kPa) 60.22
MOISTURE CONTENT (%) 23.31 MOISTURE CONTENT (%) 23.47
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"\ GEOSCAPE

\ Geoscape Consultants Ltd.
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 03/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435
CONSOLIDATION TEST
BH NO. | 1 | SAMPLE NO. | U-01 DEPTH | 2.44m
0.85 \
0.81
0.77
o
7
[«'4
(a]
6 0.73
>
0.69
\
0.65 T -
\
\
0.61
10 100 1000
VERTICAL EFFECTIVE STRESS (KPA)
OVERBURDEN PRESSURE AT SITE, P, 36.409 kpa INITIAL VOID RATIO, €, 0.854
SWELLING INDEX, Cs 0.025 COMPRESSION INDEX, C. 0.214
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Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 03/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435
SQUARE ROOT FITTING CURVE
For 25 Kpa For 50 Kpa
Square root of time, (min) Square root of time, (min)
0 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 12 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0 0.2
01 0.3
€ E o4
% 0.2 £
£ 2 os
-] °
® 03 3
& 2 0.6
= -
a8 04 .g 07
0.5
3 0.8
0.6 0.9
BH. NO: 1 DEPTH (m) 2.44m too 8.41 min BH. NO: 1 DEPTH (m) 2.44m too 16.00 min
For 100 Kpa For 200 Kpa
Square root of time, (min) Square root of time, (min)
0 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0.35 0.5
0.7
0.55
£ g 09
€ o075 & 11
§ 0.95 ‘§ 13
= Z s
® 115 8
a a
17
135 —
1.9
—o
1.55 2.1
BH. NO: 1 DEPTH (m) | 2.44m too 9.00 min BH. NO: 1 DEPTH (m) | 2.44m tog 16.00 min
For 400 Kpa For 800 Kpa
Square root of time, (min) Square root of time, (min)
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0.75 11
16
1.25
€
E € 21
k-] % T 26
© ©
& 225 %
® 8 31
a a
275 —2 36 9
3.25 a1 -
BH. NO: 1 DEPTH (m) | 2.44m too 9.00 min BH. NO: 1 DEPTH (m) | 2.44m too 16.00 min
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GEOSCAPE

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 03/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH )
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435
CV CURVE DATA FROM SQUARE ROOT METHOD COEFFICIENT OF CONSOLIDATION, CV VS VERTICAL EFFECTIVE STRESS CURVE
Average H= Square Root Method 1o
Pr(e;s:;e, Pressure, 2H (mm) (H,+H,)/2 ,
P (Kpa) (mm) tgo (min) C, (m?/year) s
<
0 25 g -e-Square Root
= method
(&)
-
25 12.5 24.48 12.37 8.41 8.11 g
<
=)
50 37.5 24.16 12.16 16.00 4.12 g /\
o
(]
100 75 23.68 11.96 9.00 7.08 8
s
S
200 150 23.00 11.67 16.00 3.79 E
S
400 300 22.35 11.34 9.00 6.37
0
10 100 1000 10000
800 600 21.50 10.96 16.00 3.35 VERTICAL EFFECTIVE STRESS (KPA)
BH. NO: 1 DEPTH (m) 2.44m BH. NO: 1 DEPTH (m) 2.44m
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\ Geoscape Consultants Ltd.
House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 05/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435
CONSOLIDATION TEST
BH NO. 2 SAMPLE NO. | U-01 DEPTH | 3.96m
0.88
0.84 \
0.8 \
o
:: 0.76
[«'4
=)
@)
> 0.72
0.68
\
\
\
0.64 -
\
0.6
10 100 1000
VERTICAL EFFECTIVE STRESS (KPA)
OVERBURDEN PRESSURE AT SITE, P, 70.219 kpa INITIAL VOID RATIO, €, 0.858
SWELLING INDEX, Cs 0.030 COMPRESSION INDEX, C. 0.221
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Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 05/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435
SQUARE ROOT FITTING CURVE
For 25 Kpa For 50 Kpa
Square root of time, (min) Square root of time, (min)
0 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 12 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0 0.2
01 0.3
€ E o4
% 0.2 £
£ 2 os
-] °
s 03
& é 0.6
= -
a8 04 .g 07
0.5 — 0.8
—0
0.6 0.9
BH. NO: 2 DEPTH (m) 3.96m too 9.00 min BH. NO: DEPTH (m) 3.96m too 16.00 min
For 100 Kpa For 200 Kpa
Square root of time, (min) Square root of time, (min)
0 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0.35 0.5
0.7
0.55
£ g 09
€ o075 & 11
§ 0.95 ‘§ 13
= Z s
® 115 8
a a
17
135 —
1.9
—e
1.55 2.1
BH. NO: 2 DEPTH (m) | 3.96m too 9.00 min BH. NO: DEPTH (m) | 3.96m tog 4.41 min
For 400 Kpa For 800 Kpa
Square root of time, (min) Square root of time, (min)
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0.75 17
1.9
1.25 21
€
E g 23
EB 1.75 .(én 25
k] T 27
Q Q
x 225 € 29
& 8 31
2.75 —o 33
3.5
—0
3.25 3.7
BH. NO: 2 DEPTH (m) | 3.96m too 4.41 min BH. NO: DEPTH (m) | 3.96m too 4.84 min
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GEOSCAPE

Consultants Ltd.

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD( BPDB) DATE OF BORING: 05/11/2023
PROJECT NAME: CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) DATE OF TEST: 10/11/2023
SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH )

LOCATION: KAPTAI, RANGAMATI, BANGLADESH TEST METHOD: ASTM D2435

CV CURVE DATA FROM SQUARE ROOT METHOD

COEFFICIENT OF CONSOLIDATION, CV VS VERTICAL EFFECTIVE STRESS CURVE

Pressure Average H= Square Root Method 20
(Kpa) ’ Pressure, 2H (mm) (H,+H,)/2 ,
P (Kpa) (mm) tgo (Min) C, (m*/year) g
Z
(2] -~
0 25 s Square Root
= method
o
i \
25 12.5 24.53 12.38 9.00 7.59 o \
<
a
—
50 37.5 24.16 12.17 16.00 4.13 § 10
o
o
'S
100 75 23.66 11.96 9.00 7.08 °
S
S /
200 150 23.02 11.67 4.41 13.76 ro
S
400 300 22.31 11.33 4.41 12.98
1)
10 100 1000 10000
800 600 21.43 10.94 4.84 11.01 VERTICAL EFFECTIVE STRESS (KPA)
BH. NO: 2 DEPTH (m) 3.96m BH. NO: 2 DEPTH (m) 3.96m
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APPENDIX-2G
SPECIFIC GRAVITY TEST



Geoscape Consultants Ltd.

E House No. #135, Road No. #05, Mohakhali DOHS, Dhaka

CLIENT: BANGLADESH POWER DEVELOPMENT BOARD (BPDB) DATE OF TEST: | 12/11/2023
PROJECT : CONSULTANCY SERVICES FOR DETAILED FEASIBILITY STUDY FOR CONSTRUCTION OF 7.6 MWP (DC) SOLAR PHOTOVOLTAIC GRID-CONNECTED POWER PLANT AT KAPTAI, RANGAMATI, BANGLADESH
LOCATION: KAPTAI, RANGAMATI, BANGLADESH TESTMETHOD:) ASTM D 854
SPECIFIC GRAVITY CALCULATION
BH. NO: 1 DEPTH (m) 15 BH. NO: 2 DEPTH (m) 6
Weight of pycnometer, (gm) M, (gm)= 162.5 Weight of pycnometer, (gm) M, (gm)= 162.5
Weight of pycnometer+Soil, (gm) M, (gm)= 247.9 Weight of pycnometer+Soil, (gm) M, (gm)= 248.1
Weight of pycnometer+Soil+water, (gm) M;(gm)= 709.4 Weight of pycnometer+Soil+water, (gm) Ms(gm)= 709.4
Weight of pycnometer+Water, (gm) M, (gm)= 655.5 Weight of pycnometer+Water, (gm) M, (gm)= 655.5
Specific Gravity of Soil, (at 20 Deg) Gy = 2.71 Specific Gravity of Soil, (at 20 Deg) Gy = 2.70
BH. NO: 3 DEPTH (m) 3 BH. NO: 4 DEPTH (m) 4.5
Weight of pycnometer, (gm) M, (gm)= 162.5 Weight of pycnometer, (gm) M, (gm)= 162.5
Weight of pycnometer+Soil, (gm) M, (gm)= 248.6 Weight of pycnometer+Soil, (gm) M, (gm)= 247.8
Weight of pycnometer+Soil+water, (gm) M;(gm)= 709.4 Weight of pycnometer+Soil+water, (gm) Ms(gm)= 709.4
Weight of pycnometer+Water, (gm) M, (gm)= 655.5 Weight of pycnometer+Water, (gm) M, (gm)= 655.5
Specific Gravity of Soil, (at 20 Deg) Gy = 2.67 Specific Gravity of Soil, (at 20 Deg) Gy = 2.72




APPENDIX-2H
TEST SUMMARY



TEST SUMMARY FOR BH 01

UNCONFINED
DEPTH MOISTURE ATTERBERG LIMIT (%) GRAIN SIZE ANALYSIS SPECIFIC | |RECT SHEAR TEST COMPRESSION CONSOLIDATION TEST
(m) SPT Uscs UD DEPTH CONTENT (%) (FGORRA;Ig‘I’.YC) STRENGTH
LL PL Pl | %SAND %SILT | % CLAY @ (deg) | C (Kpa) q (kpa) C. eo
1.5 8 CL 20.96 2.71
93.94 0.214 0.854

3 2 CL 19.27

4.5 5 CL 29.34 36 22.39 13.61 0 68 32

6 4 cL 27.62

7.5 5 cL 28.49

9 5 CL 28.72
10.5 8 CL 21.71

12 9 ML Undisturbed 18.92 70 21 9
TR T e M

15 34 ML 244 m 17.46
16.5 24 ML 19.50 80 15 5

18 38 ML 21.05
19.5 23 ML 22.52 26.9 1.14

21 23 ML 20.09
22.5 50 CL-ML 17.61

24 50 CL-ML 21.95 28 22.32 5.68 0 81 19
25.5 50 CL-ML 22.17

GEOSCAPE

" Consultants Ltd.
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TEST SUMMARY FOR BH 02

UNCONFINED
DEPTH MOISTURE ATTERBERG LIMIT (%) GRAIN SIZE ANALYSIS SPECIFIC | |RECT SHEAR TEST COMPRESSION CONSOLIDATION TEST
(my ~ SPT USCS  UDDEPTH ' onrent (%) (:OR:;I(I)I::) STRENGTH
LL PL Pl | %SAND %SILT | % CLAY @ (deg) | C(Kpa) q (kpa) C. eo
1.5 6 CL 23.04
3 1 CL 22.70
54.65 0.221 0.858
4.5 3 CL 21.65
6 4 CL 23.90 2.7
Undisturbed
75 4 cL samples 27.71 35 21.26 1374 0 64 36
9 6 cL collected at: 32.26
3.96 m
10.5 5 CL 33.33
12 7 ML 29.68
13.5 7 ML 35.46
15 9 ML 35.19 39 26.96 12.04 0 76 24

7
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Consultants Ltd.

UNCONFINED
DEPTH MOISTURE ATTERBERG LIMIT (%) GRAIN SIZE ANALYSIS SPECIFIC 5 \RECT SHEAR TEST  COMPRESSION CONSOLIDATION TEST
(my ~ SPT USCS  UDDEPTH ' onrent (%) (;EOR:;I(I)I::) STRENGTH
LL PL Pl | %SAND @ %SILT | % CLAY @ (deg) = C (Kpa) q (kpa) C. e

1.5 2 SM 21.18 78 15 7

3 2 SM 22.79 2.67

4.5 3 CL-ML 23.00

6 6 CL-ML 20.78 21 14.62 6.38 0 71 29

Undisturbed
75 8 cL samples 24.02 45 25.69 1931 0 55 45
109.18
9 46 cL collected at: 20.71 55 31.58 23.42 0 49 51
8.53m

10.5 50 SM 17.06 35 1.13

12 50 SM 16.25 76 19 5
135 50 ML 15.94

15 50 ML 16.78 33 25.17 7.83 0 71 29
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UNCONFINED
DEPTH MOISTURE ATTERBERG LIMIT (%) GRAIN SIZE ANALYSIS SPECIFIC | |RECT SHEAR TEST COMPRESSION CONSOLIDATION TEST
(my ~ SPT USCS  UDDEPTH ' onrent (%) (;EOR:;I(I)I::) STRENGTH
LL PL Pl | %SAND %SILT | % CLAY @ (deg) | C (Kpa) q (kpa) C. eo
1.5 6 CH 21.17
120.44

3 8 CH 22.36 54 35.65 18.35 0 62 38
4.5 7 CH 27.18 2.72

6 10 CH 23.73 48 23.48 24.52 0 67 33

Undisturbed
75 7 CH samples 31.94 54 23.42 30.58 0 66 34
9 8 CH collected at: 32.91
244 m

10.5 8 ML 34.39

12 4 ML 26.00
135 5 ML 32.48 36 27.12 8.88 0 79 21

15 6 ML 34.74
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APPENDIX-03

CALCULATION OF SOIL
BEARING CAPACITY



APPENDIX-3A

BEARING CAPACITY FOR
SHALLOW FOUNDATION
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BEARING CAPACITY
BASED ON SPT



GEOSCAPE
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BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON SPT VALUES FOR BH NO 01

SAFE BEARING CAPACITY FOR  ATLOWABLE BEARING

COHESIVE SOIL (FOR FOS 2.5) GCRAI-:\?SII.I\YRFSOOITL
FOUNDATION AND SOIL PARAMETERS
ACCORDING ACCORDING TO
o acorome aconone "
MEYERHOF (1974)
Effective
overburde Unit
. . Water
L B D; Ds+B Field SPT- n pressure SPT- Nq, weight, level Rw, Rw, k q Qsafe safe Qsafe Qallowable
(m)  (m)  (m) (m) Nvalue at(DgB) (m) 4 (kn/md) (ksf) (ksf) (ksf) (ksf)
depth, o' (kN/m3)
(kN/m’)

3 3 1.5 45 8 11.535 7 17.5 0 0.5 05 1.2 1154 2431 2.6441 2.6441 -

3 3 3 6 2 15.57 2 15 0 0.5 0.5 1.3 1557 0.7077 0.8324 0.8324 -

3 3 45 75 5 27.855 5 16 0 0.5 05 13 2786 1.9765 2.1162 2.1162 -

The safe bearing capacity (for cohesive soil) values mentioned above have been calculated for a 3m x 3m footing of various depth. The allowable bearing capacity of foundation
depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to re-evaluate the allowable bearing capacity value. It is also
suggested to mitigate the liquefaction issues (if the soil is liquefiable).
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GEOSCAPE

Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON SPT VALUES FOR BH NO 02

SAFE BEARING CAPACITY FOR  ATLOWABLE BEARING

COHESIVE SOIL (FOR FOS 2.5) GCRAI-:\?SII.I\YRFSOOITL
FOUNDATION AND SOIL PARAMETERS
ACCORDING ACCORDING TO
To scconme sccorome e
MEYERHOF (1974)
Effective
overburde Unit
. . Water
L B D¢ D¢+B | Field SPT- N pressure SPT- N, weight, level Rw; Rw, k q Asafe Usafe Usafe Yallowable
(m) | (m) (m) (m) Nvalue at(DsB) (m) 4 kN/m?) | (ksf) (ksf) (ksf) (ksf)
depth, o' (kN/m3)
(kN/m’)

3 3 1.5 45 6 10.035 5 16.5 0 0.5 05 1.2 10.04 1.7289 1.8811 1.8811 -
3 3 3 6 1 15.57 1 15 0 0.5 0.5 1.3 1557 0.3213 0.3837 0.3837 -

3 3 45 75 3 25.605 3 15.5 0 0.5 0.5 1.3 2561 1.1488 1.2326 1.2326 -

The safe bearing capacity (for cohesive soil) and allowable bearing capacity (for granular soil) values mentioned above have been calculated for a 3m x 3m footing of various depth.
The allowable bearing capacity of foundation depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to re-evaluate the
allowable bearing capacity value. It is also suggested to mitigate the liquefaction issues (if the soil is liquefiable).
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v\ GEOSCAPE

™1 Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON SPT VALUES FOR BH NO 03

SAFE BEARING CAPACITY FOR  ATLOWABLE BEARING

COHESIVE SOIL (FOR FOS 2.5) CAPACITY FOR
FOUNDATION AND SOIL PARAMETERS GRANULAR SOIL
ACCORDING ACCORDING ACCORDING ACCORDING TO
TO MEYERHOF
MEYERHOF TO HANSEN TO VESIC (1974)
Effective
overburde Unit Wat
L B D¢ D¢+B | Field SPT- h pressure . weight, ater q Usafe Qsafe Osafe Qallowable
m | (m  (m  (m) Nvalue at(DsB) SPT-Neo 'fr‘:;' A R ke md) (ksf) (ksf) | (ksf) (ksf)
depth, o' (kN/m3)
(kN/m?)
3 3 15 45 2 7.785 2 15 0 05 05 1.2 7.785 - - - 0.7358373
3 3 3 6 2 15.57 2 15 0 05 05 1.3 1557 _ - - 0.8400546

3 3 45 75 3 25.605 3 15.5 0 0.5 0.5 1.3 2561 1.1488 1.2326 1.2326 -

The safe bearing capacity (for cohesive soil) and allowable bearing capacity (for granular soil) values mentioned above have been calculated for a 3m x 3m footing of various depth.
The allowable bearing capacity of foundation depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to re-evaluate the
allowable bearing capacity value. It is also suggested to mitigate the liquefaction issues (if the soil is liquefiable).
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GEOSCAPE

Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON SPT VALUES FOR BH NO 04

SAFE BEARING CAPACITY FOR  ATLOWABLE BEARING

COHESIVE SOIL (FOR FOS 2.5) GCRAI-:\?SII.I\YRFSOOITL
FOUNDATION AND SOIL PARAMETERS
ACCORDING ACCORDING TO
To scconme sccorome e
MEYERHOF (1974)
Effective
overburde Unit
. . Water
L B D¢ D¢+B | Field SPT- N pressure SPT- N, weight, level Rw; Rw, k q Asafe Usafe Usafe Yallowable
(m) | (m) (m) (m) Nvalue at(DsB) (m) 4 kN/m?) | (ksf) (ksf) (ksf) (ksf)
depth, o' (kN/m3)
(kN/m’)

3 3 1.5 45 6 10.035 5 16.5 0 0.5 05 1.2 10.04 1.7289 1.8811 1.8811 -

3 3 3 6 8 23.07 8 17.5 0 0.5 0.5 1.3 23.07 2.9946 3.4933 3.4933 -

3 3 45 75 7 32.355 7 17 0 0.5 0.5 1.3 3236 2.7948 2.9904 2.9904 -

The safe bearing capacity (for cohesive soil) values mentioned above have been calculated for a 3m x 3m footing of various depth. The allowable bearing capacity of foundation
depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to re-evaluate the allowable bearing capacity value. It is also
suggested to mitigate the liquefaction issues (if the soil is liquefiable).
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BEARING CAPACITY
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COMPRESSION STRENGTH
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.\ GEOSCAPE

H Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON UNCONFINED COMPRESSIVE STRENGTH TEST FOR BH NO 01

SAFE BEARING CAPACITY FOR
COHESIVE SOIL (FOR FOS 2.5)

FOUNDATION AND SOIL PARAMETERS
ACCORDING TO | ACCORDING TO | ACCORDING TO

MEYERHOF HANSEN VESIC
Effective
overburden | \Wwater Cohesion,
L B Ds pressure at level Rw, RW, Ky C, Qsafe Qsafe Qsafe
m | m (M | (Dap)depth,  (m) S (ksf) (ksf) (ksf)
a,' (kN/m’)

3 2.44 | 24.8636 0 0.5 | 0.5 1.268 46.97 | 2.70943454 | 3.08847578 | 3.08847578

The safe bearing capacity (for cohesive soil) values mentioned above have been calculated for a 3m x 3m footing of 2.44m depth.The allowable
bearing capacity of foundation depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to
re-evaluate the allowable bearing capacity value. It is also suggested to mitigate the liquefaction issues (if the soil is liquefiable).




.\ GEOSCAPE

H Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON UNCONFINED COMPRESSIVE STRENGTH TEST FOR BH NO 02

SAFE BEARING CAPACITY FOR
COHESIVE SOIL (FOR FOS 2.5)

FOUNDATION AND SOIL PARAMETERS
ACCORDING TO | ACCORDING TO | ACCORDING TO

MEYERHOF HANSEN VESIC
Effective
overburden | \Wwater Cohesion,
L B Ds pressure at level Rw, RW, Ky C, Qsafe Qsafe Qsafe
m | m (M | (Dap)depth,  (m) S (ksf) (ksf) (ksf)
a,' (kN/m’)

3 3.96 | 40.3524 0 0.5 0.5 | 1.33  27.33 1.61108493 | 1.75014568 | 1.75014568

The safe bearing capacity (for cohesive soil) values mentioned above have been calculated for a 3m x 3m footing of 3.96m depth.The allowable
bearing capacity of foundation depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to
re-evaluate the allowable bearing capacity value. It is also suggested to mitigate the liquefaction issues (if the soil is liquefiable).




.\ GEOSCAPE

H Consultants Ltd.

BEARING CAPACITY FOR ISOLATED FOOTING
BASED ON UNCONFINED COMPRESSIVE STRENGTH TEST FOR BH NO 04

SAFE BEARING CAPACITY FOR
COHESIVE SOIL (FOR FOS 2.5)

FOUNDATION AND SOIL PARAMETERS
ACCORDING TO | ACCORDING TO | ACCORDING TO

MEYERHOF HANSEN VESIC
Effective
overburden | \Wwater Cohesion,
L B Ds pressure at level Rw, RW, Ky C, Qsafe Qsafe Qsafe
m | m (M | (Dap)depth,  (m) S (ksf) (ksf) (ksf)
a,' (kN/m’)

3 3 2.44 | 24.8636 0 0.5 | 0.5 [1.268 60.22 | 3.50304238 | 3.98900925 | 3.98900925

The safe bearing capacity (for cohesive soil) values mentioned above have been calculated for a 3m x 3m footing of 2.44m depth.The allowable
bearing capacity of foundation depends on its settlement criteria, size and shape. It is highly recommended to estimate the settlement value to
re-evaluate the allowable bearing capacity value. It is also suggested to mitigate the liquefaction issues (if the soil is liquefiable).
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PRECAST PILE CAPACITY



\ GEOSCAPE

PRECAST PILE CAPACITY, SIZE = 16"x16" FOR BH 01
ALPHA METHOD FOR COHESIVE SOIL AND ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL NORDLUND METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020) (ADOPTED BY AASHTO-2014)
PILE DETAILS INPUTS COHESIVE SOIL  NON-COHESIVE SOIL NON-COHESIVE SOIL
Method-1: Q Method-2: Q
FR.SQ(T':\L,N END BEARING FR,SETIILN END BEARING  1oTAL SKIN | END BEARING FR,SETII\:)N END BEARING | 1oTAL SKIN | END BEARING
FRICTION (KN) (KN) FRICTION (KN) (KN)
P"e(:qe)pth ::u?yer (:2) A(br:;;m u?sw) u?:n u?v:n (er:) o Tor e (33) ('?':) “ o *

15 8 2.4 0.2 78.4 66.9 0.0 0.0 78.4 66.9 145.3 145 32.6 0.0 0.0 78.4 66.9 145.3 14.5 32.6

3 2 2.4 0.2 105.8 16.7 0.0 0.0 105.8 16.7 122.6 12.3 27.5 0.0 0.0 105.8 16.7 122.6 12.3 27.5
4.5 5 2.4 0.2 171.4 41.8 0.0 0.0 171.4 41.8 213.2 21.3 47.8 0.0 0.0 171.4 41.8 213.2 213 47.8

6 4 2.4 0.2 226.2 335 0.0 0.0 226.2 335 259.7 26.0 58.2 0.0 0.0 226.2 33.5 259.7 26.0 58.2
7.5 5 2.4 0.2 291.8 41.8 0.0 0.0 291.8 41.8 333.6 334 74.7 0.0 0.0 291.8 41.8 333.6 334 74.7

9 5 2.4 0.2 357.3 41.8 0.0 0.0 357.3 41.8 399.1 39.9 89.4 0.0 0.0 357.3 41.8 399.1 39.9 89.4
10.5 8 2.4 0.2 435.7 66.9 0.0 0.0 435.7 66.9 502.6 50.3 112.6 0.0 0.0 435.7 66.9 502.6 50.3 112.6
12 9 2.4 0.2 435.7 0.0 110.6 357.3 546.3 357.3 903.6 90.4 202.4 92.1 250.1 527.8 250.1 777.9 77.8 174.3
13.5 21 2.4 0.2 435.7 0.0 262.5 952.7 698.3 952.7 1650.9 165.1 369.8 290.9 666.9 726.6 666.9 1393.5 139.4 312.1
15 34 2.4 0.2 435.7 0.0 447.5 1515.5 883.2 1515.5 2398.7 239.9 537.3 559.2 972.4 994.9 972.4 1967.4 196.7 440.7
16.5 24 2.4 0.2 435.7 0.0 647.3 1238.0 1083.0 1238.0 2321.0 2321 519.9 821.6 866.6 1257.4 866.6 21239 212.4 475.8
18 38 2.4 0.2 435.7 0.0 871.5 2273.2 1307.2 2273.2 3580.4 358.0 802.0 1089.9 1379.1 1525.6 1379.1 2904.7 290.5 650.7
19.5 23 2.4 0.2 435.7 0.0 1094.5 1223.2 1530.2 1223.2 2753.4 275.3 616.8 1355.0 749.2 1790.7 749.2 2539.9 254.0 568.9
21 23 2.4 0.2 435.7 0.0 1335.1 1317.3 1770.8 1317.3 3088.0 308.8 691.7 1623.3 806.8 2059.0 806.8 2865.9 286.6 642.0
22.5 100 2.4 0.2 1121.7 836.6 1335.1 0.0 2456.7 836.6 3293.3 329.3 737.7 1623.3 0.0 2745.0 836.6 3581.6 358.2 802.3
24 100 2.4 0.2 1807.7 836.6 1335.1 0.0 3142.7 836.6 3979.3 397.9 891.4 1623.3 0.0 3431.0 836.6 4267.5 426.8 955.9
25.5 100 2.4 0.2 2493.6 836.6 1335.1 0.0 3828.7 836.6 4665.3 466.5 1045.0 1623.3 0.0 4117.0 836.6 4953.5 495.4 1109.6

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment,
knowledge and experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.
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PRECAST PILE CAPACITY, SIZE = 16"x16" FOR BH 02

ALPHA METHOD FOR COHESIVE SOIL AND ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL NORDLUND METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020) (ADOPTED BY AASHTO-2014)
PILE DETAILS INPUTS COHESIVE SOIL  NON-COHESIVE SOIL NON-COHESIVE SOIL
Method-1: Q Method-2: Q
FR.SQ(T':\L,N END BEARING FR,SETIILN END BEARING  1oTAL SKIN | END BEARING FR,SETII\:)N END BEARING | 1oTAL SKIN | END BEARING
FRICTION (KN) (KN) FRICTION (KN) (KN)
Pile depth | SPT-Ngg A, Asottom Q Qs Q Qs N Ton kip Q Qs kN Ton kip

(m)  Perlayer (m}) (m?) (kN) (kN) (kN) (kN) (kN) (kN)

1.5 6 2.4 0.2 72.0 50.2 0.0 0.0 72.0 50.2 122.2 12.2 27.4 0.0 0.0 72.0 50.2 122.2 12.2 27.4

3 1 2.4 0.2 85.7 8.4 0.0 0.0 85.7 8.4 94.1 9.4 21.1 0.0 0.0 85.7 8.4 94.1 9.4 21.1
45 3 2.4 0.2 126.9 25.1 0.0 0.0 126.9 25.1 152.0 15.2 34.0 0.0 0.0 126.9 25.1 152.0 15.2 34.0

6 4 2.4 0.2 181.8 335 0.0 0.0 181.8 33.5 215.2 215 48.2 0.0 0.0 181.8 33.5 215.2 21.5 48.2
7.5 4 2.4 0.2 236.7 335 0.0 0.0 236.7 335 270.1 27.0 60.5 0.0 0.0 236.7 335 270.1 27.0 60.5

9 6 2.4 0.2 308.7 50.2 0.0 0.0 308.7 50.2 358.9 35.9 80.4 0.0 0.0 308.7 50.2 358.9 35.9 80.4
10.5 5 2.4 0.2 374.2 41.8 0.0 0.0 374.2 41.8 416.1 416 93.2 0.0 0.0 374.2 418 416.1 416 93.2
12 7 2.4 0.2 450.5 58.6 0.0 0.0 450.5 58.6 509.1 50.9 114.0 0.0 0.0 450.5 58.6 509.1 50.9 114.0
13.5 7 2.4 0.2 526.9 58.6 0.0 0.0 526.9 58.6 585.4 58.5 131.1 0.0 0.0 526.9 58.6 585.4 58.5 131.1
15 9 2.4 0.2 605.1 75.3 0.0 0.0 605.1 75.3 680.4 68.0 152.4 0.0 0.0 605.1 75.3 680.4 68.0 152.4

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment,
knowledge and experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.

GEOSCAPE

¥ Consultants Ltd.
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PRECAST PILE CAPACITY, SIZE = 16"x16" FOR BH 03

ALPHA METHOD FOR COHESIVE SOIL AND ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL NORDLUND METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020) (ADOPTED BY AASHTO-2014)
PILE DETAILS INPUTS COHESIVE SOIL  NON-COHESIVE SOIL NON-COHESIVE SOIL
Method-1: Q Method-2: Q
FR.SQ(T':\L,N END BEARING FR,SETIILN END BEARING  1oTAL SKIN | END BEARING FR,SETII\:)N END BEARING | 1oTAL SKIN | END BEARING
FRICTION (KN) (KN) FRICTION (KN) (KN)
Pile depth | SPT-Ngg A, Asottom Q Qs Q Qs N Ton kip Q Qs kN Ton kip
(m)  Perlayer (m}) (m?) (kN) (kN) (kN) (kN) (kN) (kN)
1.5 2 2.4 0.2 0.0 0.0 43 23.2 43 23.2 27.5 2.7 6.2 2.9 12.6 2.9 12.6 15.5 1.5 3.5
3 2 2.4 0.2 0.0 0.0 17.1 463 17.1 463 63.4 6.3 14.2 113 21.6 113 21.6 32.9 33 7.4
45 3 2.4 0.2 41.2 25.1 17.1 0.0 58.3 25.1 83.4 8.3 18.7 11.3 0.0 525 25.1 77.6 7.8 17.4
6 6 2.4 0.2 113.2 50.2 17.1 0.0 130.3 50.2 180.5 18.0 40.4 113 0.0 124.5 50.2 174.7 17.5 39.1
7.5 8 2.4 0.2 191.6 66.9 17.1 0.0 208.7 66.9 275.6 27.6 61.7 11.3 0.0 202.9 66.9 269.8 27.0 60.4
9 46 2.4 0.2 507.1 384.8 17.1 0.0 524.2 384.8 909.0 90.9 203.6 113 0.0 518.4 384.8 903.3 90.3 202.3
10.5 70 2.4 0.2 507.1 0.0 140.8 3536.1 648.0 3536.1 | 4184.1 418.4 937.2 279.6 1336.6 786.7 1336.6 2123.4 2123 475.6
12 100 2.4 0.2 507.1 0.0 273.1 4041.2 780.3 40412 | 48215 482.2 1080.0 547.9 1527.6 1055.0 1527.6 2582.6 258.3 578.5
13.5 100 2.4 0.2 1193.1 836.6 273.1 0.0 1466.3 836.6 2302.8 230.3 515.8 547.9 0.0 1741.0 836.6 2577.6 257.8 577.4
15 100 2.4 0.2 1879.1 836.6 273.1 0.0 2152.2 836.6 2988.8 298.9 669.5 547.9 0.0 2427.0 836.6 3263.5 326.4 731.0

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment,

knowledge and experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.

GEOSCAPE

¥ Consultants Ltd.
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PRECAST PILE CAPACITY, SIZE = 16"x16" FOR BH 04

ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020)

ALPHA METHOD FOR COHESIVE SOIL AND
NORDLUND METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY AASHTO-2014)

PILE DETAILS INPUTS COHESIVE SOIL  NON-COHESIVE SOIL NON-COHESIVE SOIL

Method-1: Q Method-2: Q

FR.SQ(T':\L,N END BEARING FR,SETIILN END BEARING  1oTAL SKIN | END BEARING FR,SETII\:)N END BEARING | 1oTAL SKIN | END BEARING
FRICTION (KN)|  (KN) FRICTION (KN) (KN)
Pile depth | SPT-Ngg A, Asottom Q Qs Q Qs N Ton kip Q Qs kN Ton kip

(m) | Perlayer  (m?) (m?) (kN) (kN) (kN) (kN) (kN) (kN)

1.5 6 2.4 0.2 72.0 50.2 0.0 0.0 72.0 50.2 122.2 12.2 27.4 0.0 0.0 72.0 50.2 122.2 12.2 27.4

3 8 2.4 0.2 150.4 66.9 0.0 0.0 150.4 66.9 217.3 21.7 48.7 0.0 0.0 150.4 66.9 217.3 21.7 48.7
4.5 7 2.4 0.2 226.7 58.6 0.0 0.0 226.7 58.6 285.3 28.5 63.9 0.0 0.0 226.7 58.6 285.3 28.5 63.9

6 10 2.4 0.2 302.7 83.7 0.0 0.0 302.7 83.7 386.3 38.6 86.5 0.0 0.0 302.7 83.7 386.3 38.6 86.5
7.5 7 2.4 0.2 379.0 58.6 0.0 0.0 379.0 58.6 437.6 43.8 98.0 0.0 0.0 379.0 58.6 437.6 43.8 98.0

9 8 2.4 0.2 457.4 66.9 0.0 0.0 457.4 66.9 524.3 52.4 117.4 0.0 0.0 457.4 66.9 524.3 52.4 117.4
10.5 8 2.4 0.2 535.8 66.9 0.0 0.0 535.8 66.9 602.7 60.3 135.0 0.0 0.0 535.8 66.9 602.7 60.3 135.0
12 4 2.4 0.2 590.7 33.5 0.0 0.0 590.7 335 624.1 62.4 139.8 0.0 0.0 590.7 33.5 624.1 62.4 139.8
13.5 5 2.4 0.2 656.2 41.8 0.0 0.0 656.2 41.8 698.0 69.8 156.4 0.0 0.0 656.2 41.8 698.0 69.8 156.4
15 6 2.4 0.2 728.2 50.2 0.0 0.0 728.2 50.2 778.4 77.8 174.4 0.0 0.0 728.2 50.2 778.4 77.8 174.4

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment,
knowledge and experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.

GEOSCAPE

¥ Consultants Ltd.
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CAST IN SITU PILE CAPACITY



\ GEOSCAPE

CAST IN SITU PILE CAPACITY, DIA =24 INCH FOR BH 01
ALPHA METHOD FOR COHESIVE SOIL AND ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL REESE & O'-NEILL METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020) (ADOPTED BY BNBC-2020 & AASHTO-2014)
PILE DETAILS INPUTS coHesivesoiL  VON-COHESIVE coHesivesoiL  VON-COHESIVE
SOIL SOIL
METHOD-1: Qyirimare METHOD-2: Quirimare
SKIN END SKIN END TOTAL SKIN END SKIN END SKIN END TOTAL SKIN END BEARING
FRICTION BEARING FRICTION BEARING FRICTION BEARING FRICTION BEARING FRICTION BEARING FRICTION
(KN) (KN) (KN) (KN)
DEET:H SPT;;g::RpER A, (m?) "\(hr:;;m (3:) “?,:) (I?,fl) (&) KN TON KIP (&) (&) “?:') (3:) KN TON P
1.5 8 2.9 0.3 61.9 39.0 0.0 0.0 61.9 39.0 100.9 10.1 22.6 0.0 118.3 0.0 0.0 0.0 118.3 118.3 11.8 26.5
3 2 2.9 0.3 83.5 9.8 0.0 0.0 83.5 9.8 93.3 9.3 20.9 17.8 29.6 0.0 0.0 17.8 29.6 47.3 4.7 10.6
4.5 5 2.9 0.3 135.3 24.4 0.0 0.0 135.3 24.4 159.7 16.0 35.8 62.2 73.9 0.0 0.0 62.2 73.9 136.1 13.6 30.5
6 4 2.9 0.3 178.6 19.5 0.0 0.0 178.6 19.5 198.1 19.8 44.4 97.8 59.1 0.0 0.0 97.8 59.1 156.9 15.7 35.1
7.5 5 2.9 0.3 230.3 24.4 0.0 0.0 230.3 24.4 254.7 25.5 57.1 142.2 73.9 0.0 0.0 142.2 73.9 216.1 21.6 48.4
9 5 2.9 0.3 282.0 244 0.0 0.0 282.0 24.4 306.4 30.6 68.6 186.7 73.9 0.0 0.0 186.7 73.9 260.6 26.1 58.4
10.5 8 2.9 0.3 343.9 39.0 0.0 0.0 343.9 39.0 383.0 38.3 85.8 257.8 118.3 0.0 0.0 257.8 118.3 376.1 37.6 84.2
12 9 2.9 0.3 343.9 0.0 87.3 208.4 431.2 208.4 639.6 64.0 143.3 257.8 0.0 143.8 141.9 401.6 141.9 5435 54.3 121.7
13.5 21 2.9 0.3 343.9 0.0 207.2 555.6 551.2 555.6 1106.7 110.7 247.9 257.8 0.0 398.5 3311 656.3 3311 987.5 98.7 221.2
15 34 2.9 0.3 343.9 0.0 353.2 883.8 697.2 883.8 1580.9 158.1 354.1 257.8 0.0 742.8 536.1 1000.6 536.1 1536.7 153.7 344.2
16.5 24 2.9 0.3 343.9 0.0 510.9 721.9 854.9 721.9 1576.8 157.7 353.2 257.8 0.0 1044.9 3784 1302.7 378.4 1681.2 168.1 376.6
18 38 2.9 0.3 343.9 0.0 687.9 1325.6 1031.8 1325.6 2357.5 235.7 528.1 257.8 0.0 1429.1 599.2 1686.9 599.2 2286.1 228.6 512.1
19.5 23 2.9 0.3 343.9 0.0 863.9 713.3 1207.8 713.3 1921.1 192.1 430.3 257.8 0.0 1736.0 362.7 1993.8 362.7 2356.4 235.6 527.8
21 23 2.9 0.3 343.9 0.0 1053.8 768.2 1397.7 768.2 2165.9 216.6 485.2 257.8 0.0 2051.3 362.7 2309.1 362.7 2671.8 267.2 598.5
22.5 100 2.9 0.3 885.4 487.8 1053.8 0.0 1939.2 487.8 2427.0 242.7 543.7 493.8 1168.1 2051.3 0.0 2545.0 1168.1 3713.1 3713 831.7
24 100 2.9 0.3 1426.8 487.8 1053.8 0.0 2480.6 487.8 2968.5 296.8 664.9 729.7 1168.1 2051.3 0.0 2781.0 1168.1 3949.1 394.9 884.6
25.5 100 2.9 0.3 1968.3 487.8 1053.8 0.0 3022.1 487.8 3509.9 351.0 786.2 965.7 1168.1 2051.3 0.0 3017.0 1168.1 4185.0 418.5 937.4
The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment, knowledge and
experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.
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CAST IN SITU PILE CAPACITY, DIA =

24 INCH FOR BH 02

PILE DETAILS INPUTS

COHESIVE SOIL

ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL

(ADOPTED BY BNBC-2020)

NON-COHESIVE

ALPHA METHOD FOR COHESIVE SOIL AND
REESE & O'-NEILL METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020 & AASHTO-2014)

COHEsIVEsoIL ~ VON-COHESIVE

SOIL SOIL
METHOD-1: Quinimate METHOD-2: Quimate
SKIN END SKIN END TOTAL SKIN END SKIN END SKIN END TOTALSKIN |\ o ARING
FRICTION BEARING  FRICTION = BEARING FRICTION BEARING FRICTION BEARING FRICTION BEARING  FRICTION
(KN) (KN) (KN) (KN)
PILE SPT-Ngeig PER 2 Abottom Qs Qg Q Qg Qs Qg Qs Qg

D(E:]'I)’H LAYER A, (m°) (mz) (kN) (kN) (kN) (k) KN TON KIP (k) (kN) (kN (kN KN TON KIP
1.5 6 2.9 0.3 56.9 29.3 0.0 0.0 56.9 29.3 86.1 8.6 19.3 0.0 88.7 0.0 0.0 0.0 88.7 88.7 8.9 19.9
3 1 2.9 0.3 67.7 4.9 0.0 0.0 67.7 49 72.6 7.3 16.3 8.9 14.8 0.0 0.0 8.9 14.8 23.7 2.4 5.3
4.5 3 2.9 0.3 100.2 14.6 0.0 0.0 100.2 14.6 114.8 11.5 25.7 35.6 44.3 0.0 0.0 35.6 443 79.9 8.0 17.9
6 4 2.9 0.3 143.5 19.5 0.0 0.0 143.5 19.5 163.0 16.3 36.5 71.1 59.1 0.0 0.0 71.1 59.1 130.2 13.0 29.2
7.5 4 2.9 0.3 186.8 19.5 0.0 0.0 186.8 19.5 206.3 20.6 46.2 106.7 59.1 0.0 0.0 106.7 59.1 165.8 16.6 371
9 6 2.9 0.3 243.7 29.3 0.0 0.0 243.7 29.3 272.9 27.3 61.1 160.0 88.7 0.0 0.0 160.0 88.7 248.7 24.9 55.7
10.5 5 2.9 0.3 2954 24.4 0.0 0.0 2954 24.4 319.8 32.0 71.6 204.5 73.9 0.0 0.0 204.5 73.9 278.4 27.8 62.4
12 7 2.9 0.3 355.6 34.1 0.0 0.0 355.6 34.1 389.8 39.0 87.3 266.7 103.5 0.0 0.0 266.7 103.5 370.2 37.0 829
13.5 7 2.9 0.3 415.9 34.1 0.0 0.0 415.9 34.1 450.0 45.0 100.8 328.9 103.5 0.0 0.0 328.9 103.5 432.4 43.2 96.9
15 9 2.9 0.3 477.6 43.9 0.0 0.0 477.6 439 521.6 52.2 116.8 408.9 133.0 0.0 0.0 408.9 133.0 542.0 54.2 121.4

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment, knowledge and

experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.
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CAST IN SITU PILE CAPACITY, DIA =

24 INCH FOR BH 03

PILE DETAILS INPUTS COHESIVE SOIL

ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020)

NON-COHESIVE

ALPHA METHOD FOR COHESIVE SOIL AND
REESE & O'-NEILL METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020 & AASHTO-2014)

COHEsIVEsoIL ~ VON-COHESIVE

SOIL SOIL
METHOD-1: Quinimate METHOD-2: Quimate
SKIN END SKIN END TOTAL SKIN END SKIN END SKIN END TOTALSKIN |\ o ARING
FRICTION BEARING  FRICTION = BEARING FRICTION BEARING FRICTION BEARING FRICTION BEARING  FRICTION
(KN) (KN) (KN) (KN)
PILE SPT-Ngeig PER 2 Abottom Qs Qg Q Qg Qs Qg Qs Qg

D(E:]'I)’H LAYER A, (m°) (mz) (kN) (kN) (kN) (k) KN TON KIP (k) (kN) (kN (kN KN TON KIP
1.5 2 2.9 0.3 0.0 0.0 34 13.5 34 135 16.9 1.7 3.8 0.0 0.0 0.0 315 0.0 315 315 3.2 7.1
3 2 2.9 0.3 0.0 0.0 13.5 27.0 13.5 27.0 40.5 4.1 9.1 0.0 0.0 26.5 315 26.5 315 58.0 5.8 13.0
4.5 3 2.9 0.3 325 14.6 13.5 0.0 46.0 14.6 60.6 6.1 13.6 26.7 44.3 26.5 0.0 53.1 443 97.5 9.7 21.8
6 6 2.9 0.3 89.3 29.3 13.5 0.0 102.8 29.3 132.1 13.2 29.6 80.0 88.7 26.5 0.0 106.5 88.7 195.2 19.5 43.7
7.5 8 2.9 0.3 151.2 39.0 13.5 0.0 164.7 39.0 203.7 20.4 45.6 151.1 118.3 26.5 0.0 177.6 118.3 295.8 29.6 66.3
9 46 2.9 0.3 400.3 224.4 13.5 0.0 413.8 224.4 638.2 63.8 143.0 482.1 680.0 26.5 0.0 508.6 680.0 1188.6 118.9 266.2
10.5 70 2.9 0.3 400.3 0.0 111.2 1031.1 511.5 1031.1 1542.5 154.3 345.5 482.1 0.0 2935 1103.8 775.6 1103.8 1879.4 187.9 421.0
12 100 2.9 0.3 400.3 0.0 215.6 1178.3 615.9 1178.3 1794.2 179.4 401.9 482.1 0.0 588.7 13141 1070.8 13141 2384.8 238.5 534.2
13.5 100 2.9 0.3 941.8 487.8 215.6 0.0 1157.4 487.8 1645.2 164.5 368.5 718.1 1168.1 588.7 0.0 1306.7 1168.1 2474.8 247.5 554.4
15 100 2.9 0.3 1483.2 487.8 215.6 0.0 1698.8 487.8 2186.7 218.7 489.8 954.0 1168.1 588.7 0.0 1542.7 1168.1 2710.8 2711 607.2

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment, knowledge and
experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.
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CAST IN SITU PILE CAPACITY, DIA =

24 INCH FOR BH 04

PILE DETAILS INPUTS

COHESIVE SOIL

ALPHA METHOD FOR COHESIVE SOIL AND
TOMLINSON METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020)

NON-COHESIVE

ALPHA METHOD FOR COHESIVE SOIL AND
REESE & O'-NEILL METHOD FOR NON-COHESIVE SOIL
(ADOPTED BY BNBC-2020 & AASHTO-2014)

COHEsIVEsoIL ~ VON-COHESIVE

SOIL SOIL
METHOD-1: Quinimate METHOD-2: Quimate
SKIN END SKIN END TOTAL SKIN END SKIN END SKIN END TOTALSKIN |\ o ARING
FRICTION BEARING  FRICTION = BEARING FRICTION BEARING FRICTION BEARING FRICTION BEARING  FRICTION
(KN) (KN) (KN) (KN)
PILE SPT-Ngeig PER 2 Abottom Qs Qg Q Qg Qs Qg Qs Qg

D(E:]'I)’H LAYER A, (m°) (mz) (kN) (kN) (kN) (k) KN TON KIP (k) (kN) (kN (kN KN TON KIP
1.5 2.9 0.3 56.9 29.3 0.0 0.0 56.9 29.3 86.1 8.6 19.3 0.0 88.7 0.0 0.0 0.0 88.7 88.7 8.9 19.9
3 2.9 0.3 118.7 39.0 0.0 0.0 118.7 39.0 157.8 15.8 35.3 71.1 118.3 0.0 0.0 71.1 118.3 189.4 18.9 42.4
4.5 7 2.9 0.3 179.0 34.1 0.0 0.0 179.0 34.1 2131 213 47.7 133.3 103.5 0.0 0.0 133.3 103.5 236.8 23.7 53.0
6 10 2.9 0.3 238.9 48.8 0.0 0.0 238.9 48.8 287.7 28.8 64.4 222.2 147.8 0.0 0.0 222.2 147.8 370.1 37.0 829
7.5 7 2.9 0.3 299.2 34.1 0.0 0.0 299.2 34.1 3333 333 74.7 284.5 103.5 0.0 0.0 284.5 103.5 388.0 38.8 86.9
9 8 2.9 0.3 361.0 39.0 0.0 0.0 361.0 39.0 400.1 40.0 89.6 355.6 118.3 0.0 0.0 355.6 118.3 473.9 47.4 106.1
10.5 8 2.9 0.3 422.9 39.0 0.0 0.0 422.9 39.0 461.9 46.2 103.5 426.7 118.3 0.0 0.0 426.7 118.3 545.0 54.5 1221
12 4 2.9 0.3 466.2 19.5 0.0 0.0 466.2 19.5 485.7 48.6 108.8 462.3 59.1 0.0 0.0 462.3 59.1 521.4 52.1 116.8
13.5 5 2.9 0.3 518.0 24.4 0.0 0.0 518.0 24.4 542.4 54.2 121.5 506.7 73.9 0.0 0.0 506.7 73.9 580.6 58.1 130.1
15 6 2.9 0.3 574.8 29.3 0.0 0.0 574.8 29.3 604.1 60.4 135.3 560.0 88.7 0.0 0.0 560.0 88.7 648.7 64.9 145.3

The Consultant is requested to give further attention while using this Pile capacity. The capacity mentioned above is a generalized capacity and it is highly recommended to re-evaluate the pile capacity. The consultant should choose the Pile geotechnical capacity based on his engineering judgment, knowledge and
experience. It is suggested to evaluate the Structural capacity of pile and consider other factors that affect the Pile capacity (e.g: Negative skin friction, Liquefaction, Scouring, etc.) before using the allowable Geotechnical capacity of pile.
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APPENDIX-04

SOIL LIQUEFACTION ANALYSIS
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LIQUEFACTION POTENTIAL EVALUATION BASED ON IDRISS & BOULANGER (2014) (FOR BH 01)

ry AS
oot s L e 5w kT e e ey e
(m) 2014 ROCK) 2014 2014  PERIB 2014
1.5 Non-susceptible Non-Liquefiable
3 Non-susceptible Non-Liquefiable
4.5 Non-susceptible Non-Liquefiable
6 Non-susceptible Non-Liquefiable
7.5 Non-susceptible Non-Liquefiable
9 Non-susceptible Non-Liquefiable
10.5 Non-susceptible Non-Liquefiable
12 Susceptible 30 1.55 9 7.7014 5.36662 13.07 197.25 94.245 7.5 1.01 0.78 0.28 1.35 0.378 0.14056 0.40069 0.3507895 Liquefiable
135 Susceptible 20 1.55 21 18.045 4.49281 22.54 226.5 108.78 7.5 0.99 0.78 0.28 135 0.378 0.24155 0.40567 0.595442 Liquefiable
15 Susceptible 20 155 34 31.028 4.49281 3552 256.5 124.065 7.5 0.95 0.78 0.28 135 0.378 1.23834 0.42148 2.9380953 Non-Liquefiable
16.5 Susceptible 20 1.55 24 18.755  4.49281 23.25 286.13 138.975 7.5 0.95 0.78 0.28 1.35 0.378 0.25377 0.41649 0.6093112 Liquefiable
18 Susceptible 20 155 38 3242 4.49281 36.91 316.13 154.26 7.5 0.88 0.78 0.28 135 0.378 1.71225 0.45009 3.8042154 Non-Liquefiable
19.5 Susceptible 20 1.55 23 15998 4.49281 20.49 345.75 169.17 7.5 0.93 0.78 0.28 1.35 0.378 0.21197 0.42276 0.5013824 Liquefiable
21 Susceptible 20 155 23 15.264 4.49281 19.76 375.38 184.08 7.5 0.92 0.78 0.28 135 0.378 0.20293 0.42585 0.4765333 Liquefiable
22.5 Non-susceptible Non-Liquefiable
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FIELD PHOTOGRAPHS
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Pile Integrity Test

Geoscape Consultants Ltd.

House No. #135, Road No. #05, Mohakhali DOHS, Dhaka
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