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Site Location

Investigation Date

Key Observations

Executive Summary

Chandgaon and Dhaka Trunk Road, Chattogram, Bangladesh
7/5/2023 & 11/5/2023-15/5/2023

a) A WASH improvement project has been taken by the CWASA

b) Joint Venture of SUEZ Consulting (SAFEGE), France and Associates For
Development Services Limited, Bangladesh is the consultant of this project.

¢) The consultant has assigned SEKKEI Engineering and Consultant to
conduct the sub-surface investigation at different locations of the proposed
locations.

d) Based on the reconnaissance survey, practical consideration, and the
client's requirement, five borehole locations were considered.

e) Samples (Disturbed and Undisturbed in an appropriate case) were
extracted at every 1.0m interval for all borehole locations.

f) Allowable bearing capacity of soils for the shallow and deep foundations of
different sizes was determined analytically.
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1. GENERAL

The Joint Venture of SUEZ Consulting (SAFEGE), France and Associates For Development
Services Limited, Bangladesh appointed SEKKEl Engineering and Consultant for sub-soil
investigation for the WASH project located in two areas of Chattogram Metropolitan Area. The in-situ
investigation carried out by drilling and field tests and, subsequently, laboratory testing of soil samples
collected at the site to determine the soil index and engineering properties are the primary moto of this
investigation. The subsequent sections briefly discuss the field procedure, laboratory analysis, facts, and
findings of the sub-sail investigation conducted for the mentioned project.

2. SCOPE OF THE INVESTIGATION
In line with the preceding introduction, the followings are the specific scope of the sub-soil investigation:

a) Drilling to the desired depth by wash boring technique.

b) To record field N value at 1.0m infervals using Standard Penetration Test (SPT).

c¢) Collection of disturbed and undisturbed (in an appropriate case) soil samples for visual
classification and laboratory testing.

d) Interpretation of basic soil parameters as obtained from in-situ tests, laboratory tests, and
engineering judgment for the substantial variation that exists in soil formation that is mostly
heterogeneous in nature.

e) Estimation of soil capacity for evaluating different foundation types for the proposed project in
accordance with BNBC 2020 and other codes of practice.

fy Provide a generic recommendation about sub-soil conditions.

3. OUTLINE OF THE WORK
The sub-soil investigation road map is shown in Fig.1 below:

SUB-SOIL
INVESTIGATION

Field Investigation

Laboratory Analytical
Investigation Calculations

~

Desym &
Recommendations

Fig. 1: Outline of Sub-soil Investigation

Firstly, the field execution, which includes drilling, sample collection, and SPT, was done under the direct
supervision of an experienced engineer. Later, samples were collected in a separate plastic bag with
appropriate identification marks and preserved at the site prior to transferring to the laboratory for
necessary testing, and based on the soil properties, bearing capacity for a shallow foundation and axial

f

pile capacity were determined.
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4. GENERAL SITE DESCRIPTION

The CWASA has taken a WASH project, and Joint Venture of SUEZ Consulting (SAFEGE), France and
Associates For Development Services Limited, Bangladesh is conducting a feasibility study for this
project. Their concerned site is in Chandgaon and Alongkar areas of Chattogram Metropolitan Area. The
accurate stratification of ‘the concerned area is not available. However, information gathered from the
surrounding area shows the existence of soft, thick clayey soils at shallow strata at Chandgaon site,

while sandy layer exists from shallow depth at Alongkar site. The location of the borehole at Chandgaon
site is shown in Fig. 2.

Fig. 2: Location of borehole for Chandgaon site
The location of boreholes for Dhaka Trunk Road site is shown in the following figure:

Fig.3: Location of boreholes for Dhaka Trunk Road site
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The general elevation was found to be between 3.5-4.0m from MSL for Chandgaon site, and 5.0-6.0m
for Dhaka Trunk road site, as seen from the available Digital Terrain Model. As part of the sub-soil
investigation, Joint Venture of SUEZ Consulting (SAFEGE), France and Associates For Development
Services Limited, Bangladesh chose two drilling locations. After that, drilling was continued up to the
desired depth as specified by the client, and corresponding SPT was conducted together at every 1.0m
interval. The disturbed and undisturbed samples were collected by appropriate extraction methods for
visual classification and then recorded and preserved for the necessary laboratory investigation as

appropriate. The boring log at the site can be identified using the following information given here:

Borehole No Location Date of Drilling Depth of Drilling (m)
BH-01 22.371640, 91.848396 7/5/2023 35.0
BH-02-1 22.36465, 91.78163 11/6/2023 10.0
BH-02-2 22.36465, 91.78163 13/5/2023 10.0
BH-02-3 22.36489, 91.78164 15/5/2023 10.0
BH-02-4 22.36463, 91.78171 15/5/2023 10.0

5. METHODOLOGY

5.1 Field Investigation

Generally, holes are created at fixed locations up to the desired depth by a suitable method keeping an
aim to minimize the disturbance to the soil for a better approximation of parameters. There are a set of
options available for drilling. Among several drilling methods, wash boring of 100mm diameter using
standard hammer weight operated manually was used for this project. Water was pumped to the bottom
of the borehole, and the soil slurry was returned to the surface. A drill bit was rotated and dropped to
produce a chopping action to advance to the desired depth. A schematic of the wash boring technique is
shown in Fig. 4.

e Dmrick

Pressural
water

I :;/Ca\ing
Dt el :

[ e —
—

Chepping bit

i Driving shoe

)

Water jetat
high velovity

Fig. 4: Outline of Wash Boring (Ref: Geotechnical Engineering by B M Das) @
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Standard Penetration Test

Simultaneously with the drilling, a Standard Penetration Test (SPT)} was conducted to record the Field N
value at designated intervals up to the end of the drilling. The SPT was performed by driving a standard
split spoon sampler into the ground by blows from a drop hammer of mass 63.5kg falling from 760mm as
per ASTM D1586. The sampler was driven 152mm into the soil at the bottom of a borehole, and the
number of blows (N) required to drive it an additional 304mm was counted. The number of blows
required for the last two penetration of 152mm each is regarded as the Standard Penetration Number or,
simply, the N value. The following figure shows the outline of SPT.

63.5-kg Drap
hammer
repeatedly
falling 0.76 m

Arwil

| Need to correct o a reference
nergy efficlency, normally
0% (ASTM D 4633)
Borehole

/Drill rod i
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/I'.Spl.ﬂ.. narrel (drwe)' :
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hol[ow tube]:
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Fig. 5: Outline of Standard Penetration Test (Ref: Soil Mechanics by Muni Budhu)

After the SPT, samples were taken from the split spoon sampler and preserved in a controlled manner to
keep their original moisture content and texture. A field bore log depicting the site condition with visual
classification and signed by the concemed officials present at the site.

5.2 Laboratory Investigations

All the samples were brought to the laboratory with proper care to maintain minimum disturbance of soil
samples to achieve their actual properties. The expert member of the team visually classified all samples,
and thereafier, the selected samples were chosen for necessary laboratory investigations. A summary
chart, as well as necessary graphs, is given as an annexure in the current report. The following

laboratory tests were conducted on selected samples from each borehole location.
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Name of the Test Ref. Standard
Specific Gravity ASTM D854-14
Grain Size Analysis ASTM D422-63
Liquid Limit & Plastic Limit ASTM D4318-10
Direct Shear ASTM D3080M-11
Unconfined Compressive Strength ASTM D2166M-13

5.3 Analytical Calculation

The recommendation of foundation/support types mostly depends on the super-imposed load, ground
condition, instability criteria, and practical considerations. Bearing capacities for shallow and deep
foundations are to be estimated in this report. The input parameters for calculating the bearing capacity
of shallow and deep foundations require engineering properties of soils, which can be determined sither
by laboratory tests or by empirical equations. In the absence of adequate experimental data sets, the
correlation between SPT, N, and related parameters is used, and some useful correlations are found in
the BNBC 2020. Furthermore, the seismic hazard analysis requires the site class, which depends on
average shear wave velocity and N values over the first 30m strata. The exact estimation of shear wave
velocity requires the MASW test, which may not be available all the time and is out of the scope of the
present investigation. Hence, simplified correlations are used to estimate shear wave velocities to

determine the site class of the project. The detailed calculation procedure is given in Annex-A.

6. RESULTS AND DISCUSSIONS

6.1 Soil capacity for shallow and deep foundation

Both static bearing capacity equations and correlations were considered to estimate the allowable
capacity for shallow and deep foundations. The detailed calculation for shallow and deep foundations are
given for each borehale.

6.2 Site classification

The shear wave velocities were calculated using empirical formulas and given in the bore log. Assuming
the same N values in the case of drilling less than 30m, the worst scenario has been analyzed for the
site classification. For this report, the site class is not provided as the drilling was terminated before 30m.

6.3 Seismicity of the site
According to the BNBC (2020), the following are the seismic zone and zone coefficient of this project:

Seismic Zone Seismic Intensity Seismic Zone Coefficient, Z

Zone-3 Severe 0.28

o
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7. GENERAL OBSERVATIONS & RECOMMENDATIONS
The contract was made to conduct two boreholes at two prospective sites. In line with the agreement,

one borehole was drilled at the Chandgaon site till the desired depth to confirm the dense stratum for a

deep foundation. However, difficulties during drilling were encountered at the Dhaka Trunk Road site.

After drilling to 10.0m at the Dhaka Trunk Road site, a rigid slab was found (as cement mixes were found

at the depth), and further drilling was stopped as the cutter blade broke several times. Discussing with

the local engineers, four locations were chosen for the Dhaka Trunk Road site, and a similar geological

profile was observed. Results of all four boreholes at the Dhaka Trunk Road site are given in the report.

The specific observation for each site is summarized below:

aj

Soft clayey soils were found near the ground surface at the Chandgaon site. Low plastic fine-
grained soils, mainly alluvial deposition, have been seen ai shallow depths. A dense stratum was
encountered after 28.0m and was found to be continuous and sufficiently thick as a bearing
stratum.

Medium to dense sandy soil layer was encountered at the Dhaka Trunk Road site from the
shallow depth. A shallow foundation may be considered if the superimposed load is not large.
The presence of thick, soft soils requires special consideration while designing a lateral bracing
system for deep excavation (if applicable) for the Chandgaon site. Especially the lateral stability
and heaving shall be analyzed with careful consideration.

Visually, the soil is inorganic. However, only some samples can be tested to check the organic
content of the soils.

The desk study also convinced that the sail is not expansive. Therefore, the hazards associated
with alternated drying and wetting may be insignificant and threaten the structure's stability.

The fine-grained soils were low, primarily plastic, and the sand layer mostly contained fine sand

for all boreholes.
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Annex-A: Theoretical Formulation

CORRECTIONS TO SPT, N
It is desirable o standardize the field SPT as a function of the input driving energy and its dissipation
around the sampler. The variations in testing procedures may be at least partially compensated by
converting the field N to Ngp as follows:
EyCpCsCpN

60 = _—(-)—6—6_ (1)
Where, Ey is the Hammer efficiency, Cy is Borehole diameter correction, (g is Sampler correction, Cy is
Rod length correction, N is the field SPT.
The tables provided in the BNBC-2020 is used to get the correction factors:

Table-1: Correction factor for Hammer efficiency {Ref: BNBC 2020)

Hammer Type Hammer Release Efficiency, Ey
Mechanism

Automatic Trip 0.70

Donut Hand dropped 0.60

Donut Cathead + 2 tums 0.50

Safety Cathead + 2turns 0.55-0.60

Droyp/ Pin Hand dropped 0.45

Table-2: Gorrection factors for SPT, N (Ref: BNBC 2020)

Factor Equipment Correction
Variables Factor
_ 65 mm - 115 mm 1.00
Borehole Diameter Factor, Cg
150 mm 1.05
200 mm 1.15
Standard sampler 1.00

Sampling Method Factor, Cg , .
_ Sampler without liner 1.20

3m-4m 0.75
Rod Length Factor, Cg

4m-6m 0.85

6m—10m 0.95

>10m 1.00

For cohesionless soils, overburden correction factor has been applied as per following equations:
2000)

o.r

(2)

The above correction factor is multiplied to the Neo to consider the overburden stress. In addition, dilatancy
correction has been used for sandy soils.

Cy = 0.7710g(

i
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Annex-A: Theoretical Formulation

BEARING CAPACITY FOR SHALLOW FOUNDATION

Generally, there are several methods available for the estimation of bearing capacity for shallow foundation.
No specific guideline is given for different soil and foundation types. To date, the earliest and mostly used
method is Terzaghi's bearing capacity equation. This method has proven to be useful in many practical
cases, therefore, used in the current report for estimation of bearing capacity. In addition, in-situ SPT, N
value driven bearing capacity is calculated. Finally, these two-bearing capacity are averaged (weighted)
to recommend safe bearing capacity for shallow foundation. The following equation depict the Terzaghi's
bearing capacity for shallow foundation:

1
Gy =N+ q'Ny + E)fBN,rr (3)

Where, symbols carry their usual meaning.
The bearing capacity factors are function of soil friction angle, the following chart is used to get the factors:

Table-3: Terzaghi’s bearing capacity factors (Ref: Principles of Foundation Engineering by B M Das)

b’ A N, N @' A N, At
1 5.7 L6 000 26 274 421 0.84
| .00 110 01 27 29,24 15.90) {1.60
2 .30 1.32 (04 2% 3a] 17.81 13,76
k! 6.62 1.35 (.06 Lt 3424 19,98 1618
4 6.97 1.49 {10 3 3716 22.46 19,13
5 7.34 1.64 014 3 404§ 2528 22 /5
& ik 1.81 0. 32 404 28.52 26.87
7 §.15 200 .27 33 4809 1223 3194
% 560 2.2 034 34 52,64 36.50 38.04
g 9015 2.44 {144 is S1TS 4144 45.41
i 9.61 269 {056 34 H3.53 47.16 54.36
11 116 298 {160 3 TeL0d 5380 65.27
1z 10,76 139 (L85 15 77.50 6155 78.61
13 11.41 183 1t4 19 3597 7041 0503
14 1211 4.02 1.26 40 05 £ k127 11531
ts 1286 4.45 1.52 41 10658t 9385 140.51
16 13.68 4.92 183 42 119,67 1875 171.99
¥ 14.60 5.45 218 43 134 .58 126.50) 201.56
13 15.12 6.04 2.59 44 15895 147.74 26160
i 16.55 670 107 45 172,28 173.25 12534
0 1769 7.4 3.64 ET) 196,22 25419 40711
21 1592 B.26 4.31 47 12455 241.80 51284
Y W27 9.19 509 48 258.28 2%7.85 6S0L6T
3 21,75 10,23 6.00 49 68,71 344 63 53§00
24 2335 ] 708 50 347.50 415.14 107280
25 2513 12.72 8.34

However, the Terzaghi's method do not consider the shape, depth and inclination factor. Therefore, an
updated general bearing capacity equation has been proposed by Meyerhof, which is now commonly used
in many practical applications. The general bearing capacity equation given by Meyerhof is written below:

1
qy = cNeSedele + @' Nysgd,iq + EyBNysydyiy {4)

Where, the bearing capacity factors are estimated by the following equations:
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Annex-A: Theoretical Formulation

N, = tan® (45 + %’-) grtand’ (5)
N, = (N, — 1) cote’ (6)
N, = (N, — 1) tan 1.4¢' 7

Shape and depth factors are estimated by the following equations:

B
14027 D ifd=0

SC: B ¢ )
1+0'2—L~tan2 (45+E~) ;o ifd =10

1 ;o ifp=0
— = B !
Sa 7% T 14 O.1-Etan2 (45 +%) i if¢ =10 (®)
D
1+025 ; ifp=0
d, = D ¢’ (10)
1+0.2~§tan(45+—2—) i if =10
1 i ifp=0
— = D !
dg = dy 1+0.1~§tan(45+%) i ifp =10 (1)

To estimate bearing capacity using SPT, N; the equation preposed by Bowels (1977) used in this report.

The equation is given below:

NSO Se .

LTS g if B<122m

_ 2.5 %25 (12)
Gnet = (B + 0,3)2 Se eps 129
008 \TF )25 YEB>1aim
Where, S,is the design settlement for the foundation
D

Fy=1+0335 (13)

AXIAL CAPACITY FOR PILE FOUNDATION
Axial capacity for pile foundation can be estimated by using any of the following three methods:
1. Axial capacity by standard bearing capacity equation
2. Axial capacity by load test
3. Axial capacity by in-situ correlations (using SPT, N}
The ultimate pile capacitylis the summation of end bearing and skin friction, which is depicted in the

following equation:

Qusz+Qs:fbAb+Zf:siAsi (14)
=1
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Annex-A: Theoretical Formulation

The following equations are used for estimation of end bearing and skin friction.
Table-4: Equations for estimation of pile capacity

Method Sand Clay
= 9c
Static fo = 4'Nj < 0.5F,N} tan ; b u
: s = acy
B i = ! t; !
eartrfg fs = Kogtané§ [up to L] L0 ¢, < 25kPa
Capacity L' =15D o= 0.5 cy = 70kPa
- , - —2
(Mayerhof) K = 1.4(1— sin ) (G 2 25<0,<70
BNBC I
2020 (SPT fo = 40Ngo 5 < 400Nso < 11000 fo = 45N;y < 4000
Based) fs = 2ZNgy < 60 fs = 18Ngo <70

ESTIMATION OF SHEAR WAVE VELOCITIES AND SITE CLASSIFICATION

Site is classified as SA, SB, SC, SD, SE, S1 and S2 based o the provisions of the Bangladesh National
Building Code (2020). For the classifications, average shear wave velocities and average SPT, N values
of upper 30.0m of the site profiles has been used. The following equations are used to estimate the average

shear wave velocity and average SPT, N.

7 | (15)

o
V=4 (16)

Where, d, is the thickness of each layer, V,; is the shear wave velocity of each layer, N; is the uncorrected
SPT, N of each layer. SPT, N values has been used to estimate shear wave velocities of entire strata. The
following generalized equations are used to estimate shear wave velocity:

97.3062N%%3%3  for all soils
V, = 82.01N03829 for sand (17)
100.58N03410  for clay

The following table is used to define site class of the proposed project:
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Annex-A: Theoretical Formulation

Site
Class

Description of soil
profile up to 30
meters depth

Average Soil Properties in top 30 meters

Shear wave

velocity, V; (m/s)

SPT Value, N Undrained shear
(blows/30cm) strength, S, (kPa)

SA

SB

sC

SD

SE

St

Sz

Rock or other rock-like
geological formation,
including at most 5 m of
wealker material at the
surface.

Peposits of very dense
sand, gravel, or very stiff
clay, at least several tens
of metres in thickness,
characterised by a
gradual increase of
mechanical properties
with depth,

Deep deposits of dense
or medium dense sand,
gravel or stiff clay with
thickness from several
tens to many hundreds
of metres,

Deposits of loose-to-
medium cohesionless
soil (with or without
some soft cohesive
layers), or of
predominantly soft-to-
firm cohesive soil.

A soil profile consisting
of a surface alluvium
layer with Vs values of
type SCor SD and
thickness varying
between about 5 m and
20 m, underlain by
stiffer material with Vs >
800 m/s.

Deposits consisting, ot
containing a layer at
least 10 m thick, of soft
clays/silts with a high
plasticity index (P1 >
40) and high water
content

Deposits of liquefiahle
soils, of sensitive clays,
or any other soil profile
not included in types SA
toSEor Sy

> 800

360 -800

180 - 360

< 180

<100
(Indicative)

> 50

15-50

<15

> 250

70-250

<70

10-20
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Annex-A: Theoretical Formulation

ESTIMATION OF LIQUEFACTION SEVERITY

Generally, soil liquefaction occurs when saturated soils loses its strength due to the excess pore water

duting an intense shake. Liquefaction is responsible for damages of many structures during past

earthquakes. Normally, liquefaction severity is estimated by determining the factor of safety against

liquefaction. The soil is considered to be safe against liquefaction if factor of safety value is greater than

one. The factor of safety is estimated as the ratio of cyclic resistance by cyclic stress. The cyclic resistance

is estimated using the in-situ SPT, N values, while the probable maximum earthquake magnitude and

seismic acceleration are used to estimate cyclic stress. Among several available methods, the updated

version of the Seed’s estimation procedure has been used in this report. The following flow chart provides

necessary equations used to estimate the liguefaction severity.

Horizontal peak

EQ magnitude,

SPT Nevalue,

EHective overburden

Fines content,

h 4

b 4

ground aceeleration, M. N pressune, O kPa} FC (%)
‘?NILI * - 4‘
. ]
h 1
G (FC<8)
, et = dexpl .76 —(190/ FC?)] (5 < FC = 35)
N CoN 50 (355 FO)
R (FC <5)
Stress reduction facter. ra B=10890(FC 00N (5<FC< 35
1y = 1-000765; =9 1 5m 1.2 (352 FC)
£ =L174-002672 915275 23m ]
r, =0.744—00082 93 o <30m +

NI,BEP.FC' =t ml‘w

!

MSF =—0p

IOLH

A! 154

SR =0.652

BEquiv. average cyclic siress ratio

[14KE]

R

o,

P L

v

Cyclic resistance ratio, CRR;
a+extex’ + ‘:;.\‘1

CRR, =

I+ bx+ex® + i+ I
x=M e, =008, e 248, e=-d T2LE-3,
d=9.5T8E-1, e=b. | J6E-4, f=-3 285F-4,

g=-1.673E-5, i=3.74E-6

]

¥

Cychic resislance ratie

CRR = MSF X CRR, ,

|

[

Factor of safely against liquelaction

P CRR 4T /
csk o, |

T
]
a, L

Fig.1: Flow-chart for estimation of liquefaction severity
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Borehole No: BH-01



Bore Log

Project Namne:

Chittagong WASH Improvement Project

Location: Chandgaon, Chattogram {22.371640, 91.848338)
Borehole Nao: BH-01 Depth of Water Table In m (From EGL) : 0.0
Date af Boring (Strarting): 7-May-2023 RL at EGL (m): 0.0000
Drilling Details
Driling Method: | Wash | Drilling Type: | Manual | Barehole Dia (mm}: ! 100
Correction Factor (for SPT, N)
E_ Hammer Efficiency l 0.80 I Borehole Diameter | 1.00 | Standard Sampler l 1.00 | Rod Length | 0.85
5_| E |24 & Visual Description of the | 8 T ng?;;atm s Vs
E E g_ § B ’_; St % ETELE b2 Variation of SPT.N | Neo | ' (Pa) o Pa) | () | 1B
[y (=} A LI - e |6
10 | 10 | D | su 2 1 7 3 50 100 3 7.4 | 280 | 1334
Filing Sails o
20 | 20 | o} su 5 4 5 ] 8 149 | - | 290 | 189.4
a0 | 30 | U | cay 5 1 5 ] ! 5 218 | 313 | e | 47149
40 | 40 | 0 | clay 1 1 1] 2 z : 2 26 | 125 | -— | 1253
50 | 50 | U | Clay 1 1 2 3 A 3 350 | 188 | - | 1438
60 | 60 | D | cay 1 0 1 1 1 424 | 83 | — 1 gas
Clayey Soils; Soft 5
70 | 76 | D | cay 1 0 1 I 1 467 | 63 | — | 989
80 | 80 | D | Cay 1 0 1 1 7 1 550 | 63 | — | 989
90 | 90 | D | Clay 1 2 3 5 R 4 613 | 250 | - | 1586
-10.0 { 100 | D | clay 2 3 4 7 als 6 67.9 | 375 | — | 1820
1.0 110§ D | sit 3 3 4 7 o ley 8 745 we | 290 | 4708
20 P 120 | u | sm 1 1 2 SIS PR | g 3 81,4 e | 280 | 4334
430} 130 | D | su Sitty Soils; Soft 1 1 2 3 |12 3 88.9 e | 280 | 1334
<140 | 140 | D | st 1 i 2 3 | 13 3 98,3 | 280 | 1334
150 | 460 | o | si 1 1 1 2 |14 2 1038 | — | 280 | 1150
160 | 160 | o | cay 1 i 2 3 | 15 3 1104 | 188 | - | 1438
A7.0 | 170 | D | Cay 1 2 2 4 18 3 1176 | 188 -— | 1438
480 | 180 | D | clay Clayey Scils; Soft 1 2 2 4 [ 17 b4 3 1250 | 188 | - | 1438
490 | 190 | D | cay 1 2 3 5 | 18 4 1325 | 250 | — | 1588
200 | 200 | o | Cay 2 2 3 5 |18 4 1381 | 250 | - | 1586
210 | 210 | D | sit | Sity Soils; Medium Stiff s | s | 7 [z ]| 10 | 1456 | - | 300 | 2053
220 | 220 | D | Clay 4 8 7 s |2 11 1528 | 688 | -— | 2037
230 | 230 | D | Chay 5 & s | 14 |7 12 | 1604 | 750 | - | 2304
240 | 240 | D | Clay 5 5 6 |1z |2 0 | 1675 | 825 | - | 2165
Clayey Soils; Medium Stiff T 24
250 1 250 | D | Cay 8 7 8 |15, 13 | 1747 | 813 | - | 2388
960 | 280 | D | cay 5 7 I LI 13 | 1822 | 813 | - | 2368
270 | 270 | D | Chay 7 8 s ||, 14 | 1897 | 875 | - | 2428
260 | 280 | D | Sand 22 80 | 20 | s0 | 43 | 1973 | - | 400 | 3474
200 | 200 | o | Sand §0+ | o | e | BO | o 4 43 | 2085 | — | 400 | 3474
300 | 300 | o | Sand 50+ | w | — | 50 |. a0 j 43 | 2157 | - | 40,0 | 347.4
310 | 310 | o | sSand Sand il Sit: Dense 66+ | ~ | — | 50 K 45 43 | 2248 1 - | 400 | 3474
20 | 320 | D | Sand 80+ | -~ | -~ | 80 |3 & 50 43 | 2340 | -~ | 400 | 3474
330 | 330 | o | sand 50+ | - ] - | 50 | 3 4 50 43 | 2432 | - | 400 | 3474
340 | 340 | D | sand 504 | e | o | B0 | 34 4 50 43 | 2524 | —— | 400 | 3474
350 | 350 | D | sand 50+ | e ] o | BO | 35 % 50 43 | 2818 | - | 40,0 | 3474
260 | 36.0 S - 36 S P
7.0 | 370 S [ - 87 - - -
-38.0 | 38.0 - b 38 - -
-390 | 39.0 S T g %
400 t 40.0 T 40 -

**e, ¢,and Vs are calculated based on standard corelation with SPT

Sand

D = Disturbed Sampls

Silt Clay Shale

U = Undisturbed Sample
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Bearing Capacity for Shailow Foundation

Project Name: Chittagong WASH Improvement Project
Location: Chandgacn, Chattegram (22.37 1640, 91.848396)
[ BoreholeNe: | BH01 | DaleofBoring: |  7-May-2023  |kLatecL] 00000 | Factor of Safety : 3.0

Axial Pile Capacity as per Static Bearing Capacity

% e E N N Width:1.5 m Width:2 m Width:2.5 m Recommended Allowable Bearing Pressure (kPa}
uij - § " Q,-1 (&P} | 4,2 (kPa) | ¢,-1 (kPa) | ,-2 (kPa) | 9,-1 (kPa} [q,-2 (kPa} | Width:1.5m Width:2 m Width:2.5 m
1.0 1.0 3 3 69.7 63.7 782 69.7 86.7 | 75.98501 66.7 739 81.3

-5 15 6 5 101.5 975 1105 102.3 1195 | 100.1476 99.5 106.4 109.8
2.0 2.0 9 8 125.0 126.0 i3d.4 1202 1439 | 121.374 1285 131.8 1326

3.0 3.0 6 5 66.6 821 66.6 76.8 66.6 | 63.28667 74.3 M7 64.9

-4.0 4.0 2 2 332 422 332 394 33.2 | 32.19567 377 363 327

Note: q,-1: using Terzaghi's bearing capacity formula, q,-2: using Meyerhof bearing capacily formula
1kPa=0.010 tAt*
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Axial Capacity for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Chandgaon, Chattogram (22.371640, 91.848396)
| Borehole No: ] Date of Boring: | 7-May-2023 | RLatEcL(m) |  0.0000 Factor of Safety; | 3.0
Axial Pile Capacity using Static Bearing Capacity
§ | E End B:fiﬂgg:‘ Skin Allowable Pile Capacity
SE g N Nea
,_,% 3 fb(kPa) fs (kPa) Dia:500mm Dia:600mim Dia:700mm
-1.0 1.0 3 3 1537 1.0 108 15.1 20.4 Pile Capasty (kN)
-2.0 2.0 9 8 366.0 2.0 25.2 360 48,7 500 1000 1500
3.0 3.0 6 5 140.6 21.3 16,6 22,1 28.4 o R
4.0 40 2 2 56.3 8.4 19.4 238 28.8 " ——Dia600mm
50 | s0 3 3 84.4 14.4 27.4 338 41.0 zz o pTagme
6.0 8.0 1 1 28.1 47 283 44 40.7 4:0
7.0 7.0 1 1 281 47 ana 374 441 o
-8.0 8.0 1 1 28.1 47 332 40.3 475 o
9.0 9.0 5 4 1125 18.8 44.9 558 6.9 70
100 | 100 7 8 168.8 231 595 74.1 895
e | Ho 7 6 6816 9.8 101.7 132.8 167.4
120 | 120 3 3 549.3 9.8 88.2 126.5 157.8
130 | 130 3 3 549.3 9.8 103.4 132.7 164.8
-140 | 440 3 3 549.3 9.8 1085 138.8 1721
180 | 150 2 2 549.3 9.8 113.7 145.0 179.3
6.0 | 160 3 3 84.4 98 88.4 107.4 126.8
470 | 170 4 3 84.4 9.8 835 113.6 134.1
180 | 8.0 4 3 84.4 9.8 98.7 119.8 1413
9.0 | 9.0 5 4 1125 9.8 105.7 128.6 152.1 ~
200 | 200 5 4 1125 8.8 1108 134.8 159.3 ;E'
210 | 210 i2 10 845,1 9.8 164.0 210.0 260.5 %
220 | 220 13 11 309.4 8.8 134.1 165.7 189.0 i
230 | 230 14 12 3375 8.8 1410 1746 209.8 &
240 | 240 12 10 2813 9.8 1425 1754 209.8
250 | 250 15 13 365.6 9.8 153.2 188.6 2279
260 | 260 15 13 3656 9.8 158.4 195.8 235.1
270 | 270 17 14 393.8 9.8 165.4 2046 2459
280 | 280 50 43 70116 9.8 603.6 8345 11021
290 | 290 50 43 7011.6 9.8 608.8 B40.7 1109.3
300 | 300 50 43 70116 9.8 514.0 846.9 11165
10 | 3o 50 43 70116 9.8 819.1 853.1 11237 00 11
320 | 320 50 43 70146 28 6243 8593 1131.0 Z: 111
330 | 330 50 43 7011.6 9.8 629.4 885.4 11382 33:0 : :
340 | 340 50 43 70116 9.8 634.6 8716 1145.4 240 b
350 | 350 50 43 70116 9.8 639.7 877.8 11526 150 FRN |
360 | 360 —_ — — 80
-37.0 37.0 ——- - —- - ——- - e a70
-38.0 38.0 - - - —-n an - 38.0
390 | 390 — e —n 38.0
400 | 400 — — s 400

Note: Q ,=Alfowable axial pile capacity in KN; 1kN=0,1701 Ton
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Axiat Capacity for Pile Foundation

Project Name: Chittagong WASH Improvement Project
Location: Chandgaon, Chattogram (22.371640, 91.848396)
[ Borehole No: | BH-01 | Date of Boring: | 7-May-2023 [ RLatEGL(m}: | 00000 | FactorofSafety: | 3.0

Axial Pile Capacity using SPT, N

§_ | E End Bearing & Skin Allowable Pile Capacity
g E £ N N
2 g foPa) | fs(kPa) | Dia:500mm | Dia600mm | Dia:700mm
4.0 1.0 3 3 51.0 27 53 6.4 75 Pie Gapacity (<)
20 | 20 9 8 271.7 72 249 29.9 349 o 500 1000
30 a0 6 5 1250 6.0 156 20.7 265 :Z e D500
4.0 4.0 2 2 50,0 24 12.9 163 19.9 —o— Dia:600mm
50 | 50 3 3 75.0 36 16.1 205 253 zz [ P
60 | 60 1 1 25.0 12 14.4 17.3 20.7 "
7.0 7.0 1 1 250 1.2 148 18.1 216 ol
8.0 8.0 1 1 25.0 12 15.4 18.8 22.4 6o
4.0 8.0 5 4 100.0 48 219 278 34.3 .
400 | 100 7 6 1500 7.2 283 36.3 45.1 80
410 | 110 7 6 600.0 5.4 81.0 827 107.4 80
420 | 120 3 3 300.0 2.7 435 56.9 719 100
130 | 130 3 3 300.0 2.7 449 58.6 73.9 10
40 | 140 3 3 300.0 2.7 463 0.3 75.9 120 19
450 | 150 2 2 2000 18 41.0 523 64.7 120
460 | 160 3 3 750 36 342 422 50.6 il |
470 | 170 4 3 75.0 36 36.1 445 53.3 180
180 | 180 4 3 750 36 38.0 467 55.9 |
180 | 190 5 4 100.0 48 418 51.7 62.2 ’é:z :
200 | 200 5 4 100.0 48 443 54.8 65.7 50 |4
210 | 210 12 10 1000.0 9.0 106.8 143.8 186.2 Y 0o |
220 | 220 13 11 275.0 132 652 828 101.4 ﬁ 210
£
230 | 230 14 12 300.0 14.4 74.1 936 1147 &0
240 | 240 12 10 250.0 12.0 77.7 97.2 1179 0
250 | 250 15 13 325.0 156 89.8 112.9 137.7 240
260 | 260 15 13 3250 1586 98.0 122.7 149 1 250
27.0 27.0 17 14 350.0 16.8 108.1 135.2 164.2 260
280 | 280 50 43 4000,0 430 3827 498.0 654.3 7o
200 | 200 50 43 4000.0 430 3852 525.1 685.9 0
300 | 300 50 43 4000.0 43.0 407.7 552 1 717.4 29
310 | 310 50 43 4000.0 430 430.2 579.1 748.9 00
320 | 320 50 43 4000.0 40 452.7 606.1 780 4 ::
330 | 330 50 43 4000.0 43.0 475.2 633.1 811.9 -
340 | 340 50 43 4000.0 430 497.8 660.1 843.5 o
350 | 350 50 43 40000 430 5203 687.2 875.0 150
360 | 380 | — — e 360
-37.0 370 — enn —- — - - nnmn 170
450 | 380 | — - — 360
490 | 39.0 _— — — 33
400 | 400 — — — 409

Note: @ ,=Allowable axlal pile capacity In kN; TkN=0.101 Ton
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Axial Capazity for Pile Foundation

Project Name: Chiftagong WASH Improvement Project
Location: Chandgaon, Chattogram (22.371640, 91.8483096)
| Borehole No: | BH-01 ] Date of Boring: | 7-May-2023 [ RU&tEGL(m): | 00000 | FactorofSafety: | 3.0
:__,5 z g " N End Bearing & Skin Friction Allowable Pile Capacity
i | & T T ol ol o
-1.0 1.0 3 3 307.5 1.3 6.8 9.7 13.2 Pila Capacity (KN}
2.0 2.0 g 8 731.8 28 16.3 23.3 34 500 4000
-3.0 3.0 <] 5 2813 285 12.1 18.0 203 o et Size:250mm X
-4.0 40 2 2 1125 125 15.4 19.1 28 ;Z :%%:;gz:::
-5.0 5.0 3 3 168.8 18.8 218 27.0 325 v Ssomn
-6.0 6.0 1 1 56.3 6.3 238 288 337 40
70 | 70 1 1 56.3 6.3 257 31 36.7 5o
-8.0 8.0 1 1 56.3 6.3 27.8 336 396 60
-8.0 9.0 5 4 225.0 250 365 45.0 53.8
-10.0 10.0 7 6 3375 36.8 48.2 59.5 714
-11.0 11.0 7 6 1363.3 131 76.9 99.1 1235
-12.0 12.6 3 3 1098.6 131 757 96.4 118.8
-13.0 13.0 3 3 1088.6 13.1 80.1 101.6 125.0
-14.0 14.0 3 3 1088.6 13.1 845 106.9 131.1
«15.0 15.0 2 2 10886 1341 889 1121 137.2
-16.0 16,0 3 3 168.8 131 739 89.5 105.4
-17.0 17.0 4 3 168.8 13.1 782 4.7 1118
-18.0 18.0 4 3 168.8 13.14 82.6 100.0 1176
-18.0 19.0 5 4 2250 13.1 88.2 106.9 126.0
-20.0 20.0 5 4 225.0 1341 92.5 112.2 1322
-21.0 210 12 10 1680.2 131 127.4 161.4 198.1
220 22.0 13 11 618.8 131 1085 1345 160.5
=230 230 14 12 675.0 13.1 i15.0 141.4 168.9
-24.0 24.0 12 10 562.5 13.1 1171 1433 170.5
250 250 15 13 73 131 1250 153.6 183.5
-26.0 280 15 13 7313 13.1 1283 158.9 189.6
-27.0 27.0 17 14 787.5 13.1 134.9 165.8 198.0
-28.0 280 50 43 14023.1 13.1 4150 568.1 744.6
-28.0 290 50 43 14023.1 131 419.4 573.4 750.7
-30.0 30.0 50 43 14023.1 13.1 4238 578.6 756.9
-31.0 3.0 50 43 14023.1 13.1 428.1 583.9 763.0 2 1
-320 320 50 43 14023.1 13.1 432.5 589.1 769.1 z;: '
-33.0 330 50 43 14023.1 13.1 436.9 594.4 775.2 130
~34.0 34.0 50 43 14023, 1 13.1 4413 509.6 7814 340 |
350 | 350 50 43 14023.1 134 4456 604.9 787.5 250 11 [
-36.0 36.0 -— - — — - - 360
-37.0 37.0 - - —- - - - 370
380 | 380 — — — 380
380 | 3%.0 — — — 330
40,0 | 400 _ e — 400

Note: ¢} =ANowable axial pile capacity in kN; TkN=0.101 Ton
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Axial Capacity for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Logation: Chandgacn, Chattogram {22.371640, 91.848396)
I Borehate No: ] BH-61 i Date of Bering: [ 7May-2023 [RLatEGL(m)}: [  0.0000 | FactorofSafety: | 3.0
Auxial Pile Capacity using SPT. N
§ | E End Bearing & Skin Friction Allowable Plle Gapacity
& & N Neo Si7e 350mm x | Size:300mm X | Size:350mm X
w a fokPa) | f&Pa) 250mm 300mm 350mm
1.0 1.0 3 3 305.7 5.1 9.2 11.0 129 Pile Gapachy (k)
2.0 2,0 9 8 1630.5 136 44.8 53.8 62,7 o 500 1000
3.0 39 8 5 225.0 9.0 133 171 21.2 ?: = iz Z50mm
-4.0 4.0 2 2 90.0 3.6 12,6 15.5 18.6 iy ‘} Iiiiééﬂﬂﬂ’;
5.0 5.0 3 3 135.0 5.4 15.0 18.7 22.6 a0 350m
6.0 8.0 1 1 45.0 1.8 143 17.4 20.6 ‘o
7.0 70 1 1 450 18 149 18.1 214 5o b
-8.0 8.0 1 1 450 18 155 189 223 50 b
9.0 8.0 5 4 180.0 7.2 19.8 247 299 70
100 | 100 7 8 270.0 10.8 24.7 30 ary 8.4
410 | 10 7 8 1800.0 10.2 60.1 81.1 105.1 8.4
420 | 120 3 3 2000 5.1 439 572 719 10
130 13.0 3 3 900.0 5.1 458 59.2 74.3 e
140 § 140 3 3 900.0 51 473 61.2 76.7 1z2e 1
150 | 150 2 2 600.0 3.4 25 53.9 66.4 13014
160 | 160 3 3 135.0 54 342 418 495 "oy
A70 | 170 4 3 135.0 5.4 36.0 439 52.0 e
180 | 180 4 3 135.0 5.4 37.8 46.1 545 e
190 | 190 5 4 180.0 7.2 408 49.9 50.3 - ::: [
200 | 200 5 4 180.0 7.2 433 52.8 62.7 S 100
210 | 210 12 10 3000.0 17.0 106.1 1423 1835 0o
220 | 220 13 11 495.0 19.8 60.0 745 89.8 E 210
230 | 230 14 12 540.0 218 678 84.1 1013 & 20
240 | 240 12 10 450.0 18.0 726 89.3 105.8 28
250 | 250 15 13 585.0 23.4 82.3 101.7 122.0 240
260 | 260 15 13 5850 234 90.1 110 132.9 250
-27.0 270 17 14 £30.0 25.2 89.1 122.1 146.1 260
80 | 280 50 43 11000.0 80.0 3294 450.2 569.4 20
290 | 200 | 50 43 110000 80.0 349.4 4742 617.4 wo
300 | 300 | s0 43 11000.0 80.0 360.4 498.2 645.4 9
310 | 30 50 43 $1000.0 60.0 369.4 522.2 673.4 .
320 | 320 50 43 11000.0 60.0 409.4 546.2 7014 :;Z
330 | 330 50 43 11000.0 80.0 429.4 570.2 720.4 o
340 | 340 50 43 11000.0 0.0 449.4 594.2 757.4 s
350 | 350 50 43 11000.0 0.0 469.4 618.2 785.4 550
360 | 3680 - i - 360
-37.0 370 - —- - —- - - e a7o
380 | 380 — — — 360
380 | 390 — — - 350
-40.0 40.0 — N~ —- 40.9

Note: Q ,=Allowable axial plie capacity in kN; 1kN=0.101Ton
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Estimation of Site Class

Project Name:

Chittagong WASH Improvement Project

Location:

Chandgacn, Chattogram (22.371640, 91.848396)

Borehole No:

BH-01 [ Date of Boring: | 7-may-2023 | RLatEGL(m): [  0.0000

Axial Pile Capacity as per Static Bearing Capacity

g ) Average Vs {m/s) 161.56
g E %_ N Ngg Vs {m/sec) Average N 3.4
2 Q
L O Site Class SD
1.0 1.0 3 3 133.1 Shear Wave Velocity (3m:'sec)
0 100 200 ca 400
2.0 2.0 9 8 189.4 0.0
-30 3.0 6 5 1714 1.0
2.0
-40 40 2 2 1253 3.0
5.0 5.0 3 3 143.8 4.0
50
-6.0 6.0 1 1 98.9 6.0
7.0 7.0 1 1 98.9 70
8.0
-8.0 8.0 1 1 989 8.0
9.0 9.0 5 4 158.6 100
11.0
-10.0 10.0 7 6 182.0 €12.0
=13.0
- |
11.0 11.0 7 6 170.8 814-0
-12.0 12.0 3 3 1331 515.0
=160
-13.0 13.0 3 3 1331 %17.0
-14.0 14.0 3 3 13341 048.0
19.0
-15.0 15.0 2 2 115.0 200
-16.0 16.0 3 3 143.8 21.0
22.0
-17.0 17.0 4 3 143.8 23.0
-18.0 18.0 4 3 143.8 24.0
250
-19.0 19.0 5 4 158.6 6.0
200 20.0 5 4 158.6 210
28.0
-21.0 21.0 12 10 205.3 29.0
-220 220 13 11 223.7 3040
-23.0 23.0 14 12 230.4 Note
-24.0 240 12 10 2165 SA: Rock or other rock-lik geological formafion
250 25.0 15 13 236.8 SB: Deposits of very dense sand, gravel, or very
stiff clay, at least several fens of metres in
-26.0 26.0 15 13 236.8 l‘hjckness
27.0 270 17 14 242.8 SC: Deep deposits of dense or medium dense
sand, gravel or stiff clay with thickness from
-28.0 28.0 50 43 347.4 several tens to many hundreds of metres
-29.0 29.0 §0 42 3474 ' SD: Deposits of loose-to-medium cohesionless soil
-30.0 30.0 50 43 347.4 (with or without some soft coheslive layers
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth (m): 4
Grain Size Analysis
160 por ‘ 5 T t Particle % Finer
- NG e Size (mm)
90 ey '
L SN 4750 |__100.000
80 s T 2.380 100,000
70 i ; ; 1.180 100.000
Fit ; N 0.600 100,000
60 | AN 0.300 87.360
250 ? - E A DT N I — 0.150 654.141
£ T T 0.075 42.193
240 e N 0.048 | 20533
30 LG 0.035 24.259
20 ‘ 5 TN 0.025 18985
' i i “"--.\ 0.013 15.821
10 f ; 5 e 0.010 10.547
o L 5 s AN i 0.007 7.383
. 0.003 4.218
10 ! Particle Size () 001 0.001 0.001 3.164
Soil Type Lnit Value Rematks
Sand % 57,81
Coarse Sandi % 0.00
Medium Sand % 0.00 :
Eine Sand o 57 81 Ref. ASTM D2487-11
Fines % 4219
Silt % 38.19
Clay % 4.00 Ref. ASTM D422
Deo % 0.140
Do % 0.048
Dig % 0.080 Ref: ASTM D2487-11
Cy % 1.750
C. % 0.206
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name: Chittagong WASH [mprovement Project

l.ocation: Chandgaon, Chattogram {22.371640, 91.848386)

Date of Boring: 7-May-2023 Borehole No : BH-01
Sample Type Disturbed . Depth (m): 8

Grain Size Analysis

Particle .
100 e : ‘ . o
Lhi Qi L " Size (mm) % Finer
90 kil LN .
N e\ 4750 100,000
80 i AEEAR \ 2.380 | 100.000
- - A\ ; 0,600 | 100.000
60 l - : 0.300 95.204
gso i ‘ N doe b 1 ; 0.150 72.268
moT = —+ 0.075 42688
Sl nns: HINEE ; ' 0.600 0,000
30 p BRI i ! 3.000 0.000
a0 D0 T ; 5.600 0.000
i : 5 0.000 0.000
10 {Hr i ' 0.000 0.000
o o] i i . AN 0.000 0.000
‘ , _ 0.000 0.000
10 ! Particle Size (taiv) 0.0l 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 57.31
Coarse Sand % 0.00
Medium Sand % 0.00 )
i 53 Ref; ASTM D2487-11
Fines % 42.69
Silt % 42.69
Clay % 0.00 Ref. ASTM D422
Deo % 0.120
Dz % e
Dio % Ref ASTM D2487-11
Cy % e
C. %
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name: Chittagong WASH Improvement Project
Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth (m): 16
Grain Size Analysis
| Particle .
100 T : : :i \‘ ! T . i T Size (mm) % Finer
90 (Hik: SIENER. 3 B -
5 MATREAY B i 4750 100000
80 |- T \, e i 2.380 100,600
70 | HiE AW IR : 1.180 100.000
HH : NEE 0,600 | 100.000
60 T zj ¥ : 0.300 92,759
850 [} AT N - BT A 0.150 71.729
SR e e - — 0.075 42679
240 T BN 5 ] 0.000 0,000
30 | L 0.000 0.000
oo [l T RIS I 0.000 0.000
AL ; 5 3 2.000 0.000
10 - S i -+ ; 0.000 0.000
o O A N i 0.000 0.000
‘ 0.000 0.000
10 L Particle Size (roim) 0.01 0.001 0.000 0.000
Sail Type Unit Value Remarks
Sand % 57.32
Coarse Sand| % 0.00
Medium Sand % 0.00 )
Fine Sand % 57 32 Ref: ASTM D2487-11
Fines % 42.68
Silt % 42.68
Clay % 0.00 Ref: ASTM D422
Deo % 0.130
Dag % o
Do % Ref, ASTM D2487-11
Cu % —_
C. , %
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Laboratory Test Results

Grain Size Analysis of Scil Sample

Project Name: Chittagong WASH Improvement Project
Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth (m): 20
Grain Size Analysis
1 Particle .
100 - r ‘ ; T T 9
; LN AN HIE size (mm)| % FIner
90 [! e ) HHH
L NN 2K | 4.750 100.000
80 |+ j X i 2,380 100.000
70 et S N\ ;[ 1.190 100,000
s S \ : 0.600 100.000
60 I N T 0.300 95.911
gso Ik - S \ i L 0.150 77.087
'u.40 N | T 0.075 48,438
P ! ] | : 0.048 33.368
30 bk ; ™ 0.035 25953
00 LI T TN . 0.025 19.774
] i I TN l 0.014 12.359
10 B : : S 0.010 0.887
0 il Liigc T ! ! 0.007 8.651
; ; 0,003 6.179
10 U Pacticle Size () 0.01 000t 0.001 3.708
Soil Type Unit Value Remarks
Sand % 50.56
Coarse Sand % .00
Medium Sand % (.00 )
Fine Sandl % 5056 Ref: ASTM D2487-11
Fines Y% 49.44
Silt % 45,44
Clay % 4.00 Ref: ASTM D422
Deo % 0.100
Dso % 0.040
Dyg % 0.010 Ref ASTM D2487-11
Cy % 10.000
C, % 1.600
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Labotatory Test Results

Grain Size Analysis of Soil Sample

Project Name: Chittagong WASH Improvement Project
Location: Chandgaon, Chattogram (22371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth (m): 30
Grain Size Analysis
; Particle .
100 : . : ™ T —— . 9
1N SRS R “ ‘ L Size (mm) % Finer
90 H- A ;
AR RN ; ; 4.750 100.000
80 ! g 1 @ 2.380 100,000
70 f ] j \ ; 1.190 100.000
5 Sl B j 0,600 | 100,000
60 | T T ] 0.300 58.165
50 it 3 } | 0,150 18.777
i A r \ ; i 0.075 9.664
a40 - * : T
N r AN \ 5 ; 0.000 0.000
30 [ i 15N 0,000 0.000
o [HT T \— - 0.000 0,000
Iy I \\ L ] 0.000 0.000
10 ) SHiAR ; = 0.000 0,000
o ot ] , T 0.000 0.000
; ! 0.000 0.000
1o L pasticle Size () 0.01 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 90.34
Coarse Sand % 0.00
Medium Sand % 0.00 )
Fine Sandl % 50,34 Ref: ASTM D2487-11
Fines % 9.66
Silt % 9.66
Clay % 0.00 Ref. ASTM D422
Dao % 0.200
Daa % 0.180
Do % 0.080 Refl ASTM D2487-11
Cy % 2.500
Ce % 2.025
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Laboratory Test Results

Liguid Limit & Platic Limit Test of Soil Sample

Project Name: Chittagong WASH Improvement Project

Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: |7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth: 3
Flow Curve (For Liquid Limit)
a1 I No. of |. Moisture
'™ | blow Content
40 \ (%)
19 12 40.23
£ e | 19 | 383
P o 5 - 28 36.87
g \ ‘f ] 34 35.49
: v 39 34.21
£ 36 -
=
35 ——— i — AN o
e R S S ©
33
0 No, of biows co
Parameter Unit Value Remarks
Liquid Limit % 37.0
Plastic Limit % 29.0 -
Platicity Index % 8.0
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Laboratory Test Results

Liguid Limit & Platic Limit Test of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Page 16

Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: [7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth:; 3
Flow Curve (For Liquid Limit)
45 Moisture
0 I\:]?c'mc\:f Content
A5 b T A 10 3929
T 10 4 21 36.23
2 23 35.48
g — - T 29 34.23
8 20 SRS S —_— 34 32.19
&
L -
10 oo e B - -1
a i
1o No. of blows 100
Parameter Unit Value Remarks
Liquid Limit % 35.0
Plastic Limit % 28.0 B
Platicity Index % 7.0




Laboratory Test Results

Liquid Limit & Platic Limit Test of Soil Sample

Project Name;

Chittagong WASH Improvement Project

Page 17

Location: Chandgaon, Chattogram {22.371640, 91.848396)
Date of Baring: {7-May-2023 Borehole No : BH-01
Sample Type Disturbed Depth: 25
Flow Curve (For Liquid Limit}
38 Moisture
'\L?(')‘:f Content
TSN = A (%)
\ ! 11 37.23
= . ) L . 20 35.49
R AW 20| _34.20
g as Lo N L n 34 33.26
8 \”’ 40 32.78
L — ’\
33
-0
2 ! L
0 Nao. of blows ico
Parameter Unit Value Remarks
Liguid Limit % 35.0
Plastic Limit % 27.0 -
Platicity Index % 8.0




Laboratory Test Results

Unconfined Compressive Strength of Soil Sample

Project Name:

Chittagong WASH Improverment Project

Location: Chandgaaon, Chattogram (22.371640, 91.848396)
Date of Boring: |7-May-23 Borehole No: BH-01
Sample Type  |[Undisturbed Depth (m): 5
Stress-Strain Relation of Soil
40

¢ 1 2 3 4 5 sthain (g@ 9 10 11 12 18 14 15
Parameters Unit Value

Test Standard: -—- ASTM D2166M-13

Sample Description: — Clayey Soils

Initial Density: gfcm3 1.76

Natural Moisture Content: % 32.18

Average Dia of the sample: ram 40.0

Average Height of the sample: mim 82.0

Strain at Failure: Y% 3.66

Unconfined Compressive Strength: kPa 36

Shear Strength: kPa 18
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Laboratory Test Results

Direct Shear Test (Quick) of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Page 19

Location: Chandgaon, Chattogram (22.371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No: BH-01
Sample Type Disturbed Depth: 30
80 T T ;
i i Normal | Shear Stress
FAU B - ; R Stress (kPa) (kPa}
| i {
A I ] 24.70 13.66
) i { .
50 4 - ¢ - ___.\;__ - e
] a ; | 49.40 36.08
é40 _ ,_;, ,AE _ % _
@ : ! 72.20 54.62
8130 |- e ! - e SR
? | a ; |
g 20 e P T o 98.80 73.40
= : ; ! ;
7 ; z é
10 - , T o R - -
0 i 5 i :
0 20 40 60 80 100 120
Normal Stress {kN/m2)
Cohesion, c (kPa) 0.0
Angle of Internal Friction, $ (Degree) 38.7




Laboratory Test Results

Direct Shear Test {Quick) of Soil Sample

Project Name;

Chittagong WASH Improvement Project

Page 20

Lecation; Chandgaon, Chattogram {22.371640, 91.848396)
Date of Boring: 7-May-2023 Borehole No; BH-01
Sample Type Disturbed Depth: 35
80 T ) 3 4
| l i s Normal | Shear Stress
70 ) ‘ Bl v o Stress (kPa) (kPa)
i ; i :
- B e S S S I S
60 i i | : 24.70 16.50
] ! : !
50 4 - : S -
& | : , 49.40 34.14
R E S
2 ! i ! 72.20 51.21
: - | :
4 59 N " 98.80 68.2
| ! !
175 ; :
10 | 5 R
i
0 ’ :
20 40 &0 80 100 120
Normal Stress (kN/m2)
Cohesion, ¢ (kPa) 0.0
Angle of Internal Friction, ¢ (Degree) 35.1




Borehole No: BH-02-1



Bore Log

Project Name: Chittagong WASH Improvement Project
Location; Ohaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)
Borghole No: BH-02-1 Dapth of Water Table in m (From EGL) : 3.0
Date of Boring (Strarting): 11-May-2023 RL at EGL {m}: 0.0000
Driling Details
Driling Method: ] Wash | Drilling Type: | Manual | Rorehcie Dia (mm}: ] 100
Correcilon Factor {fer SPT, N)
| Hammer Eficiency ] 0.60 | Borehote Diameter | 1,00 | Standard Sampler [ 1.00 Rod Length | 0.85
s T e o _ | Standard Penetration Test
£~ = |59 i 8 (8F7)
SE| s |EQ £ | Visual Description of the E[E T E [ £ [ | Varationof SPT,N | Ny | (kPa) [o(kPa) | o) | V°
b 2 |5f| % Strata &l © G 5= {m/s)
] a |® @ w | e | @B
-1.0 1.0 D | sand 4 10 | 14 | 24 0 50 400 20 18.0 —- | 330 | 26386
0
26 | 20 O | sand g 14 | 46 | a0 26 36.0 —- 1 350 | 2897
1
230 | 3.0 D | sand 7 10 | 12 | 22 19 54.6 —e {330 | 2887
N - . 2
2o | 40 | 0 | sana | S309WNSIE Medium 7 |41 [ 13| 24 20 | 627 | — | 330 | 2636
Dense 3
50 | 6.0 D { Sand & 8 11 | 18 A 16 709 -} 320 | 243.2
60 | 60 D | Sand a L LI I E 25 78.7 — | 350 | 2857
70 | 7.0 o | Sand € 10 | 14 | 24 6 20 7.4 - | 330 | 2638
-80 | 80 | D | Sand 12 | 25 | 25 | &1 ; 43 95.6 | 400 | 347.4
60 | 9.0 D | sand Sand with Silt; Dense 50+ | - | — | 80 | 4 43 1047 | —— | 400 | 3474
400 | 100 | D | sand 50+ | —— | - | &0 g 43 1439 | —— | 400 | 3474
-11.0 | 110 10
120 ] 120 — 11
-13.0 | 130 e fq2 —
140 | 140 N 13 e | b
5.0 | 150 N . 14
-16.0 | 180 [V I - 15
47.0 | 17.0 e e | e 18
-18.0 | 180 S 17
190 | 100 SR (RO <18
200 | 200 S U 18
210 | 210 A I B T B
P21
-22.0 22,0 e e e i nam e - s o
22
230 | 230 | - ; -
23
2240 | 240 — - .
i 24
-25.0 | 250 -- : - -
125
26.0 | 26.0 -
128
270 ] 270 R g o7 - —
280 | 280 - -
-28.0 | 290 REN [ - “a0 —
0.0 | 300 a0 - — -
310 | 310 RENE R fag —_—
-32.0 | 320 e === - o) - —ee- -uan - -
-33.0 33.0 - - R 33 e - - - -
=340 | 340 R [ 34
2350 | 35.0 e a5
-36.0 | 36.0 — .36 -
-37.0 | 37.0 el It I 37 nees - s -
-38.0 | 880 S 38 -
-390 | 3g0 S [N -39 - -~ -
400 | 400 U RGN B 40 R
** ¢, ¢,and Vs are cakulated based on standard corelation with SPT
Sand Clay Shale

D = Disturbed Sample

U= Undisturbed Sample
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Bearing Capacily for Shallow Foundation

Project Narme:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chaltogram (22.36473, 91.78162)

| BoreholeNo: |  BH-02-1 Date of Boring: 11-May-2023  [RLatEGL:[ 0,0000 | Factor of Salety : 3.0

Axlal Plle Capacity as per Static Bearing Capacity
é " E Width:1.5 m Width:2 m Width:2.5 m Recommended Allowable Bearing Pressure {kPa)
SE £ N Ngg
o § qu-1 (kPa) | g,-2 (kPa) | g1 (kPa) [ g,-2 (kPa) | g,-1 (kPa) | g.-2 (kPa} | Width:1.6m Width:2m Width:2.6 m
-1.0 1.0 24 20 337.1 308.0 385.0 342.4 4329 | 378.7856 3225 383.7 4059
-1.5 15 27 23 502.5 4841 560,5 5191 6186 | 513.7824 4933 539.8 566.2
2.0 2.0 30 25 710.5 721.0 7809 752.9 B851.3 710.3305 715.7 766.9 780.8
<3.0 3.0 22 18 731.1 811.8 7788 807.0 | 8264 701.0063 7716 7929 763.7
-4.0 4.0 24 20 740.6 885.0 762.4 8457 7842 B673.397 817.8 8041 7288

Note: g,-1: using
1kPa=0.010 tit*

Terzaghi's bearing sapacity formula, g,-2: using Meyerhof bearing capacity formula
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Axtal Capacity for Pile Foundation

Project Name: Chiftagong WASH Improvement Project
Location; Dhaka Trunk Road, Afongkar, Chattogram (22.36473, 91.78162)
[ BoreholeNo: |  BH-02-1 [ Date of Borlng: | 11-May-2023 [ RLatEGL(m): |  0.0000 Factorof Safety: | 3.0

Axial Pile Capacity using Static Bearing Capacity

5 E End Bearing & Skin Allowable Pile Gapacity
TE - N N Friction
== =4 60
ﬁ 2 fh(kPa} fs (kPa) Dia:500mm Dia:600mm Dia: 700mm
(]
1.0 1.0 24 20 888.6 2.4 59.4 85.3 115.8 Pile Capacity (i)
2.0 2.0 30 28 2448.8 4.8 163.4 23486 318,86 a 500 1000 500
00
3.0 3.0 22 19 1603.0 7.3 1113 168.7 2145 . o D00
-4.0 40 24 20 1603.0 8.4 1154 1636 220.3 ’ e Df2:600mm
20 —&—Dia:700mm
5.0 5.0 19 18 12059 9.5 100.0 140.3 187.4 ‘o
6.0 6.0 29 25 24488 106 180.7 255.3 3427 10
7.0 7.0 24 20 1603.0 1.7 1311 182.6 242.4 50
8.0 8.0 51 43 7011.6 125 4915 6999 §45.0 6o |
8.0 8.0 50 43 70116 13.7 498.3 708.1 8546 70
-100 | 100 50 43 70116 14.9 505.8 717.1 965.1 8.0
Mo | 110 - — — 8.0
20 | 120 — - 100
30 | 130 — — 110
140 14.0 - 120
450 | 150 — — — 130
60 | 160 | —- — — 1o
15.0
A70 | 1o — — —
16.0
-18.0 18.0 — — -
17.0
490 [ 190 — - -
E 18.G
200 | 200 . — — o 10
[IT)
210 | 2o — — — E 200
220 | 220 — — T o
7
230 230 —_ — & 220
240 | 240 — — — 230
250 | 250 — — 240
260 | 260 - — — 250
270 27.0 — — — 26.0
280 | 280 — — —_— 270
200 | 280 — . 70
29.0
300 | 300 — - —
30.0
30 | 3o i -
310
320 | 320 — — —
32.0
330 | 330 — —
330
340 | 340 — - — st
350 | 350 — - — 254
-368.0 36.0 —== - - - === - === 350
370 | 370 — — — 37.0
-38.0 38.0 —-- - — —_ e -— —- 380
380 | 390 — - —_ 390
400 | 400 e — — 400

Note: Q  =Allowable axial pile capacity in kN; ThkN=0.101 Ton
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Axdal Capacity fer Pile Foundation

Project Name: Chittagong WASH Improvement Project
Location: Dhaka Trunk Road, Alengkar, Chattogram (22.36473, 91.78162)
[ BoreholeNe: | BH-62-1 | Date of Boring: | 114nay-2023 | RLatEcL(m): |  0.0000 | FactorofSafety: | 3.0

Axial Pile Capacity using SPT, N

5 g End B;a.rm.g & Skin Allowable Pile Capacity
@E £ N N riction
2= B 60
u% 3 fb{kPa) s (kPa) Dia:500mm Dia:600mm Dia:700mm
1.0 1.0 24 20 500.5 20.0 49.7 59.7 69.6 Pile Capacity (kN)
2.0 2.0 30 26 1324.8 26.0 1246 149.5 174.5 o 500 5000
3.0
-3.0 3.0 22 18 14521 19.0 148.2 1755 204.7 y e D500
-4.0 40 24 20 2038.1 20.0 2016 241.9 282.2 ' e Dia;B00mm
29 —4— Dia:;700mm
5.0 50 16 16 2038.1 16.0 211.0 2532 2954 a0
6,0 8.0 28 25 3571.4 25.0 310.1 431.0 502.9 0
7.0 7.0 24 20 3000.0 20.0 272.8 3745 461.9 50
-8.0 8.0 51 43 4000.0 430 354,7 488.5 643.2 60
9.0 9.0 50 43 4000.0 43,0 377.3 515.5 674.8 70
10,0 10,0 50 43 4000.0 43,0 309.8 542.6 706.3 8
-11.0 1.0 — 8¢
~12.0 12.0 — — 106
-13.0 13.0 — - — 1.0
140 | 140 — - e 120
450 { 150 — — — a0
140
-16.0 16.0 — —
15.0
-17.0 17.0 e _
180
180 | 180 — s —
17.9
-18.0 18.0 — -
E 18.0
=200 20.0 — - — o 190
i
210 | 210 — - — E 200
220 220 — — — % 210
230 | 230 — - & 220
240 24,0 — - —_ --- - -—- - 2316
250 25.0 — — - 240
-26.0 26.0 — - - 250
270 27.0 — — —_— 260
280 | 280 —_ — 2o
290 | 280 — — — %0
230
-30.0 30.0 —_ —_ -
3040
3.0 31,0 — — —
31.0
-32.0 32.0 — — —
320
33,0 33.0 - — —_—
33.0
340 | 340 — — — 20
350 | 350 — ronn — 250
-36.0 36.0 - —_ - 8.0
370 | 870 — — — 370
-38.0 38,0 — — — a0
-39.0 38.0 _— —_— — 320
-40.0 40.0 — — —_ 400

Note: Q, =Allowable axial pile capacity in kN; ThN=0.101Ton

Page5



Axial Capacity for Pile Foundation

Project Name;

Chittagong WASH Improvement Project

|.ocation: Dhaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)
[ BoreholeNo: |  BH-021 Date of Boring: | 11-May-2023 | RLatEGL(m) | 0.0000 Faclorof Safety: | 3.0
Axial Pile Capacity using Static Bearing Capacity
.‘g . § . | |Ene Boaring & SkinFrition Altowable Pile Capacity
> = = 50 - -
& 2 Size;250mm x | Size:300mmx | Slze:350mmx
i 0 fokPa) | fs(kPa) 250mm 300mm 350mm
-1.0 1.0 24 20 17773 3.2 38.1 54.6 74.1 Pite Capasity (kN)
2.0 2,0 30 26 4897.6 6.4 104.7 150.1 2037 0 500 1000
0.0
3.0 3.0 22 19 3206.0 6.8 722 102.6 1385 —a—Size250mm
1.0 250mm
40 4.0 24 20 3206.0 112 75.7 108.8 1433 e lommx
20 —a s
5.0 5.0 19 i6 25091.7 12.7 66.9 93.2 1238 a0 350mm
6.0 6.0 29 25 48978 14.1 119.3 167.7 2242 a0
-7.0 7.0 24 20 3208.0 15.6 9.1 122.9 162.1 5o
-8.0 8.0 51 43 14023.1 16.6 316.8 4539 6113 .
9.0 9.0 50 43 14023.1 18.2 3258 460.8 6195 70
-10.0 10.0 50 43 140231 19.8 332.0 4685 628.3 80
-11.0 11.0 - - - a0
-12.0 12.0 v — — 10.0
-13.0 130 - — — "o
-14.0 14.0 — — -~ 120
4150 | 150 — e - 130
-16.0 16.0 - — — 10
150
7.0 170 — - —
180
-18.0 18.0 — —
170
-19.0 18.0 - — —
g 180
200 | 200 — — o 150
(]
210 | 210 — — — £ 200
220 | 220 — — .
B
-23.0 23.0 - - —-- - e - - 0 220
240 | 240 —— — 23.0
250 | 250 - — 240
260 | 260 — — - — 250
270 | 270 — - 268
280 | 280 - — — 4
290 | 290 | — —_ - e
280
-30.0 30.0 — —_ —
oo
310 3.0 — - —
310
320 | @20 — — —
320
330 | 330 — — —
330
340 | 340 e - - 20
350 | 350 — — 350
360 | 360 — — — 180
-aro 37.0 ——- - —- - wamn - - 7.0
380 | 380 — e — 38,0
-390 39.0 — — - 29.0
-40.0 40.0 — — — 400

Naote: @ ,=Allowahle axial pile capacity in kN; 1kN=0,101 Tan
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Axial Capacity for Pile Feundation

Project Name; Chittagong WASH Improvement Project

Location: Dhaka Trunk Read, Alongkar, Chattogram (22.36473, 91.78162)

[ Borehole Ne: | BH-02-1 ] Date of Boring: [ "{14May-2023 | RL&EGL (m): |  0.0000 | FactorofSafety: | 3.0

Axial Pile Capacity using SPT. N

s E End Bearing & Skin Friction Allawable Pile Capacity
5< g N Nea Sre350mm X | Size1300 Size350mim
o B [r.d: N X 126y Mt X 12, mm
m a fokPa) | fe(kPa) 250mm 300mm 350mm
10 10 24 20 27175 400 80.0 96.0 112.0 Pila Gapacity (kN)
2.0 2.0 30 26 7065.4 52.0 202.0 242.4 2828 0 500 1000
a0
3.0 3.0 22 19 723814 38.0 202.0 280.4 327.4 e Sizac250mm
10 50,
40 | 40 24 20 8000.0 40.0 2233 308.0 406.0 “‘%&ﬁ;ﬁﬁ’"’"*
249 Size:350mm x
5.0 5.0 19 186 6400.0 32.0 202.0 274.4 3575 a0 350em
60 6.0 29 25 10000.0 50.0 290.7 3088 5236 ‘o
7.0 7.0 24 20 8000.0 40.0 264.0 356.8 462.9 6o
8.0 8.0 51 43 11000.0 60.0 3432 466.8 608.6 60
9.0 9.0 50 43 $1000.0 60.0 3632 4908 636.8 70
00 | 400 50 43 11000.0 60.0 383.2 514.8 664.8 8.0
410 | 110 — —_— o 8.0
20 | 120 —_— — — 10.0
430 | 130 - — — 110
440 | 140 —_ — —_ 120
A50 | 150 — - —_ o
460 | 160 | —- e e
150
470 | 170 — o —
16.0
480 | 180 —_ —
7.6
180 | 180 — — ——
'é‘ 180
200 | 200 — — - 5 190
210 | 210 —- — — L e
o
220 2.0 — - 5 210
3
-23.0 230 --- - — - - - - 0 220
240 | 240 —_— - — 20
250 | 250 — — — 240
280 | 280 — — — 250
270 | 270 — — %0
280 | 280 e — — 24
290 | 290 - — — 280
28.0
00 | 300 — — -
30.0
310 | #HO — — —
3.0
320 | 320 _ - ——
20
330 | o330 — - — a0
340 | 340 — — — 5o
350 | 350 — — - 50
.60 | 360 — e — 260
370 | 370 — o — ar0
-38.0 38.0 — — - - — nrn - 180
390 | 390 — — —_ 3940
400 | 400 — - — 40.0

Note: Q ,=Allowable axial pile capacity in kN; 1kN=0.101 Ten
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Eslimation of Site Class

Project Name:

Chittagong WASH Improvement Project

Location:

Dhaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)

Borehofe No:

l

BH-02-1 ! Date of Boring: | 11-May-2023 | RLatEGL(m): [  0.0000

Axial Pile Capacity as per Static Bearing Capacity

= 3 Average Vs (m/s) . N/A
g E £ N Nge Vs (misec) Average N N/A
i A Site Class N/A
1.0 1.0 24 20 263.6 Shear Wave Velocity (%nfsec}
0 100 260 00 400
2.0 2.0 30 26 2807 04
-3.0 30 22 19 258.7 ;g
4.0 40 24 20 2636 3.0
-5.0 5.0 19 16 2432 ;g
-6.0 8.0 29 25 2857 6.0
7.0 7.0 24 20 2636 70
8.0 34714
-8.0 8.0 51 43 347.4 8.0 347l
90 9.0 50 43 347.4 1:’3 3474
-10.0 10.0 50 43 347.4 ?12'0
=13.0
-11.0 11.0 _.
d14.0
-12.0 12.0 |&g150
= 16.0
-13.0 13.0 — £147.0
-14.0 14.0 - J— — 0 {8.0
19.0
450 15,0 200
-16.0 16.0 210
22.0
-17.0 i7.0 23.0
8.0 18.0 240
25.0
-19.0 19.0 260
20,0 20.0 27.0
28.0
21.0 21.0 20,0
-220 220 - — — 30,0
-23.0 23.0 — Note
-24.0 240 - - - SA: Roek or ather rock-lik geological formation
250 95.0 SB. Depuosits of very dense sand, gravel, or very
stiff clay, at least several fens of mefres In
-26.0 26.0 - - - thickness
27.0 270 — SC: Deep deposits of dense or medium dense
sand, gravel or sfiff clay with thickness from
-28.0 280 -—- several tens to many hundreds of metres
-28.0 28,0 . SD: Deposits of loose-to-medium cohesionless soif
300 30,0 (with ar without soms soft coheslve layers
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name: Chittagong WASH lmprovement Project
Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)
Date of Boring: 11-May-2023 Borehole No : BH-02-1
Sample Type Disturbed Depth {m): 4
Grain Size Analysis
1 Particle )
IGO T T L T I T N g
; NG HER : L1l Size (mm) % Finer
90 RENERN i iy ‘
AN Y : ; 4750 | 100.000
80 i \ ; 2.380 100.000
70 Bl | A L1 Y 1.190 100.000
et N\ = 0.600 99,580
60 ; \ S ‘ 0.300 86713
550 L Pl \‘ NS I e 0.150 58.322
ey i : \ : Rt 0.075 10.070
=40 f i + 1 ]
£ [ HEE s | 0.000 0.000
30 - ] : 1 0.000 0.000
0 ‘ SN o 0.000 0.000
: ] i 0.000 0.000
10 : v ; ; ~ 0.000 0.000
o WD ik [ 5 E 0.000 0.000
; ; ; 0.000 0.000
1o 1 Pusticle Size (rais) 001 0.001 0.000 0.000
Sall Type Unit Value Remarks
Sand % §9.93
Coarse Sand % 0.00
Medium Sand] % 0.00 '
Fine Sandl oL 5603 Ref. ASTM D2487-11
Fines % 10,07
Silt % 10.07
Clay % 0.00 Ref: ASTM D422
Dao % 0.160
Dao % 0.100
Dio % 0.076 Ref: ASTM D2487-11
Cy % 2.105
Ce % 0.822
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Laboratory Test Results

Grain Size Analysis of Soll Sample

Project Name: Chittageng WASH Improvement Project
Location: Dhaka Trunk Road, Alongkar, Chattogram (2236473, 91.78162)
Date of Boring: 11-May-2023 Borehole No ; BH-02-1
Sample Type Disturbed Depth (m): 6
Grain Size Analysis
Particle .
100 ; . - 9
T 1 TN i 2N 7 Size (mm) % Finer
90 : N 1
—_— . f et 4.750 100.000
80 K g \ ; 2,380 100,000
70 B ! ' \ ) 1.190 89.875
; - : 0.600 97.507
60 X \ ? E 0.300 84.794
50 Hi bl \ T 0.150 48361
i, ~ \ 1T 0.075 5.360
X % : ‘ \ WK 0.000 0.000
30 | AUIER N ! 0.000 0.000
20 : T : 0.000 0.000
5 ' AR 0.000 0.000
10 pt : AY h 0.000 0.000
I x i i 0.000 0.000
; S ) ; 0.000 0.000
10 1 Particle Size (rain) 0.01 0.001 0.000 0.000
Sail Type Unit Value Remarks
Sand Y 94.64
Coarse Sand % 0.00
Medium Sand| % 0.00 )
s Sandl G 94 64 Ref. ASTM D2487-11
Fines % 536
Silt % 5.36
Clay % 0.00 Ref: ASTM D422
Do % 0.180
Pag % 0.120
Dyo % 0.070 Ref: ASTM D2487-11
Cy % 2.571
Ce % 1.143
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name: Chittagong WASH Improvement Project
Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)
Date of Boring: 11-May-2023 Barehole No ; BH-02-1
Sample Type Disturbed Depth (m): 8
Grain Size Analysis
Particle .
100 — T T T . 9
SEEN TN ] o 5 by Size (mm) % Finer
50 (i N . :
TEE RN SAREA Wi ‘ 4.750 100,000
80 o1 T : § 2,380 100.000
70 [ iR \ ? T 1.190 98.966
; L — - 0.600 95.291
60 frit —rh iy 0.300 61716
350 L \\ R N T 0.150 26.993
ht;o | | s i Lt 0.075 4938
Q\m | i ] . ; | ' 0000 0.000
30 it \ e L 0.000 0.000
20 T SHIEE \ SR ; 0,000 0.000
P K AV AR i ‘ 0.000 0.000
10 Frt AN T 0.000 0.000
o [T SRR FERM 0.000 0.000
) ) ; 0.000 0.000
10 1 pasticle Sine (191 0.01 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 95.06
Coarse Sand % 0.00
Meditm Sand % 0.00 .
EneSandl % 95 05 Ref: ASTM D2487-11
Fines Y 4,94
Silt % 4,94
Clay % 0.00 Ref: ASTM D422
Dso % 0.280
Pio % 0.165
Dio % 0.090 Ref. ASTM D2487-11
Cy % 3.222
C, % 1.043
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Laboratory Test Results

Direct Shear Test (Quick) of Soii Sample

Page 13

Project Name: Chittagong WASH Improvement Project
l.ocation: Dhaka Trunk Road, Alongkar, Chattogram (22.36473, 91.78162)
Date of Boring: Borehole No: BH-02-1
Sample Type Disturbed Depth: 8
90 - : . 7
i ! ) !
80 |- N i ; i N Normal { Shear Stress
i i ; i i Stress (kPa) {kPa)
0 mm e e e ,E_ e
i i i 24.70 17.07
60 4 SR .t
™ | ; !
\550 1 | ; 1 49.40 44.38
: ; : i
g A0 e - 72.20 56.90
§ | | |
& 30 - L e o -
4 ; f ! 58.80 75.11
EJ/:) 20 - — :,é - ;' - .4.,_,.‘.,«._.5_.. -
i ! i
10 - — R -
i :
0 ! ] H
0 20 40 60 80 100 120
Normal Stress (kN/m2)
Cohesion, ¢ (kPa) 0.0
Angle of Internal Friction, ¢ {Degree} 373




Borehole No: BH-02-2



Bore Log

Project Nama:

Chittagong WASH imprevement Project

iLocation: Dhaka Frunk Road, Alongkar, Chattogram (22.36465, 91.78163)
Borehole No: BH-02-2 Depth of Water Table in m {From EGL) : a0
Date of Boring (Strarting}) 13-May-2023 RL at EGL {m): 0,0000
Drilling Delaiis
Driling Method: | Wash i Drilling Type: [ Manual | Borehole Dia (mm); | 100
Carrection Factor {for SPT, N)
[ Hammer Efiiciency | 0.60 [ Borehole Diameter [ 100 [ standard Sampler [ 100 | Rod Length ] 0.85
c = ) Standard Penetration Test
2= % 2 a ,% Visual Description of the 8 (8PT) ) N Vs
< il *
s E £ g = Strata % E E £ 'n'_. Vafiatien of SPT, N 0 | Q' (kKFPa) o (kPa) [ $(d) (mis)
iy [ I3 <3 Pt =z
1 [a} o 2 e < |®D
1.0 1.0 D | 8and 5 11 | 13 | 24 o 50 100 20| 188 - 33,0 | 2636
0
20 | 20 D | sand 10 | 13 | 18 | 29 25 38,0 —~- | 380 ] 2867
i
30 | 3.0 o | sand 6 9 1M 3 20 17 54.5 e | 320 | 2488
. -~ . 2
40 | 40 | D | sana | S “’"g Silt, fedium 6 | 10 | 12 | 22 16 | e24 | — | 330 | 2587
ense 3
50 | 6.0 D | sand 4 7 o )17 |, 4 70.6 e | 310 | 2348
60 | &0 D | Sand 7 w0 | 17 | 27 | s 23 78.1 | 840 | 2772
70 | 76 | D | sand & 8 4 f 22|, 19 86.6 — | 330 | 2687
-80 | 8.0 D | sanc 1 | 25 | 25 | 80 | . 43 g4.7 - 400 | 347.4
90 | 8.0 D | Sand Sand with Silt; Dense 50+ | - | - | 88 | 4 43 1038 | - | 400 | 3474
<00 [ 100 | © { sand B0+ | v | oo | B0 || g 43 1130 | - | 40.0 | 3474
1.0 | 110 10 —
-12,0 1290 - e - L e P e —-un ann
-13.0 | 13.0 SRS RN 12 -
-14.0 | 140 13 —_—
15,0 1 150 e T P14 —
460 | 160 15 o — —
7.0 | 10 . — 18 -
-i8.0 | 180 17 — -
9.0 | 180 UNES R - 148 - |
200 | 200 (19
210 | 210 N R L2 e |
s 21
220 | 220 ‘
L 22
230 | 230 S . -
.23
240 | 240 ‘ -
24
-25.0 | 250 : — -
25
-26.0 | 260 — —
|26
270 | 270 S 57 - — S
.28.0 | 280 S 28 —
280 | 290 o | e b e sq —
30,0 | 300 RN L3 — -
310 | 310 e a1 -
-32.0 | 320 e e ---- an - --- - --- e
330 | 330 e | e | ‘a3 -
340 | 340 P I e a4
-36.6 | 350 RO [ as -
36.0 | 360 S [ 36
7.0 | 370 e | e | et — -
-38.0 | 380 BN S ;38 -
-39.0 | 39.0 S % -
40,0 | 40.0 FUURR [N 40 -

* g, ¢,and Vs are calculaled based on standard corelalion with SPT

Sand

D = Disturbed Sample

M"_,, Clay
U = Undisturbed Sample

Page 2




Bearing Capacity for Shallow Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alengkar, Chattogram {22.36465, 91.78163)

[ _BereholeNo: | BH022 | DaleofBoring: |  13-May-2023 {RLatEcL: | e.0000 | Factor of Safety : 3.0

Axial Pile Capacity as per Static Bearing Capacity
,é . E Widih:1.5 m Width:2 m Width:2.5m Recommended Allowable Bearing Pressure (kPa)
g E £ N Neg
fﬁ § q,-1 (kPa) | q,-2 (kPa) | g,-1 (kPa) | q,-2 (kPa} | g,-1 (Pa) | q,-2 (kPa) | Width:1.6 m Width:2m Width:2.5m

1.0 1.0 24 20 3371 308.0 3850 3424 4329 | 378.7856 3225 363.7 405.9

-1.5 15 26 22 501.6 483.2 559.3 517.9 617.0 | 512.4554 482 4 538.6 5647
2.0 2.0 29 25 708.7 7191 778.7 750.7 848.7 | 708.1629 713.9 764.7 778.4
-3.0 30 20 17 638.0 708.6 6776 7011 7172 | 609.5288 6723 689.3 663.4
-4.0 4.0 22 19 736.1 889.5 757.6 840.4 7791 669.0191 8128 799.0 7241

Note: d,-1: using Terzaghi's bearing capacity formula, g,-2: using Meyerhof bearing capacity formula

1kPa=0.010 tff
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Axlal Capasity for Pile Feundation

Project Name: Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (2236465, 81,78163)

[ BoreholeNo: [ BHO22 | Date of Boring: | 13-May-2023 [ RtatEcl(m);; | 0.0000 | FactorofSafety: ] 3.0

Axial Pile Capacity using Static Bearing Gapacity

5 E End Bearing & Skin Allowable Pile Capacity
= Friction
gE g N Ngg
& 2 fb(kPa) fs (kPa) Dia:500mm | Dia:600mm | Dia:700mm
4.0 10 24 20 885.6 2.4 50.4 85.3 115.8 Pile Gapacity ()
-2.0 2.0 28 25 2448.8 4.8 163.4 234.6 318.6 0 500 1000 1500
a0
3.0 3.0 20 17 1295.9 73 911 129.7 175.1 o Ol 500
4.0 4.0 22 19 1603.0 8.4 1154 1636 2203 G0
2.9 et Dl2:700mm
5.0 50 17 14 1046.9 9.4 836 116.8 155.4 v
6.0 8.0 27 23 19818 10.5 150.0 2111 2626 o
7.0 7.0 22 19 1603.0 18 131.0 182.4 2422 5o
8.0 8.0 50 43 70118 12.4 491.3 699.7 944.8 66
9.0 9.0 50 43 70118 136 498.1 707.8 954.3 70
00 | 100 50 43 7011.6 148 5055 718.7 9647 80
-11.0 1.0 —_ —— - ——— -—- f— 90
420 | 120 -~ —_ — 100
-13.0 13.0 — —n - 1.0
-14.0 14.0 — - — 120
450 | 450 —— — — 130
460 | 160 | - — — 140
15.0
470 | 170 — — _—
16.¢
180 | 180 — —_ —
i7.6
90 | 19.0 - — -
'é‘ 18.0
200 | 200 — — i~ = 1s0
Li3
210 | 210 — —_— - E 200
220 | 220 — — nn < i
=
230 | 230 - - — & 220
240 | 240 — — — 230
250 | 250 — _ s 240
260 | 260 — — — 250
270 270 - — —_ 26.0
280 | 280 — —_ — 2o
290 | 290 — - — o
290
300 | 300 i — —
300
310 | 310 — — -
ato
320 | 320 — _— —
320
330 | 330 - —_— — 10
340 | 340 — _— — 250
350 | 350 — — — 250
380 | 360 — — — 6.0
370 | 370 — — - 370
-38.0 38.0 —_ wean wmnn —- - —- — 38.0
390 | 390 — e —_ 380
400 | 400 —_— — e 100

Note: Q ,=Alfowable axiaf pife capacity in kN; TkN=0,101 Ton
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Axial Capacity for Plie Foundation

Project Name.

Chittagong WASH Improvement Project

location: Dhaka Trunk Road, Alongkar, Chattogram {22.36465, 91.78163)
| BoreholeNo: | BH-02-2 Date of Boring; | 13-May-2023 [RLatEGL(m: |  0.0000 | FactorofSafety: | 3.0
Auxial Pile Capacity using SPT, N
5 E End Bearing & Skin Allowable Pile Capacity
= riction
gE £ N Neo
ﬁ 3 fo(kPa) fs (kPa) Dia:500mm Dia:600mm Dia;700mm
-1.0 1.0 24 20 509.5 200 49.7 597 69.6 Pl Capacly (ki)
2.0 X 29 25 1273.8 250 120.4 1445 168.6 500 1000
0.0
-3.0 3.0 20 17 1299.3 17.0 133.4 160.1 186.7 s e Dia 500
-4.0 4.0 22 19 1936.2 18.0 191.9 2303 268.7 ' —— ta:800mm
2.0 et Dl2:700MM
5.0 5.0 17 14 17833 14.0 188.8 2265 264.3 %0
5.0 6.0 27 23 3285.7 23.0 286.8 398.4 464.7 4' .
7.0 7.0 22 19 2850.0 19.0 2585 3550 466.4 5o
-8.0 8,0 50 43 40000 43,0 350.0 482.9 636.6 66
9.0 9.0 50 43 4000.0 430 3725 509.9 668.2 70
-10.0 10.0 50 43 4000.0 43.0 35,1 536.9 699.7 86
-11.0 11.0 —_ — - 9.0
120 | 120 — — — 10.0
-i30 | 130 — — 1.0
440 | 140 — — - 120
150 | 150 - e — — 120
160 | 160 — e 140
150
7.0 17.0 — e —
15.0
8.0 18.0 — — —
17.90
19.0 19.0 - — —
E 18.0
200 | 200 — — — 3 180
w
210 | 20 — - — E 200
-22.0 22.0 — - - ;; 310
-23.0 | 230 — o e A 24
240 | 240 — — — 230
250 | 250 — — 240
260 | 280 — — 250
-27.0 27.0 - — — 260
280 | 280 — e - 2o
280 | 290 | — — 20
290
300 | 300 — — —
300
310 | o — —_ p—
31.0
320 | 220 — — —
3z0
430 | 330 - — —
a0
340 | 340 — —- — 210
350 | 380 — — — 250
360 | 380 — — — 366
370 | 370 - — — - 7.0
-38.0 | 380 — — — e
-38.0 | 39.0 — — — 300
400 | 400 —_ - o~ 400

Notfe: @ ,=Allowable axial plle capacity In kN; 1kN=0.101 Ton
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Axial Capacity for Pile Foundation

Project Name: Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Afongkar, Chattogram {22.36465, 91.78163)

[ BoreholeNo: | BH-022 | Date of Boring: [ 13-May-2023 | RLatEGL(m): | 00000 | FaclorofSafety: | 3.0

Axial Pile Capacity using Static Bearing Capacity

s .| E End Bearing & Skin Friction Allowable Pile Capacity
s | % N Nea Sze:250mm x | Blzer300mmx | Size:350mm X
k] o 2:250mm e: ;
w a foikPa) | F&Pa) 250mm 300mm 350mm
10 10 24 20 1777.3 3.2 38.1 54,6 741 Pile Gapacty (kN)
2.0 20 29 25 48976 6.4 104.7 150.1 203.7 0 500 1000
0.0
-3.0 3.0 20 17 2501.7 9.7 59.4 84.2 1134 [P ——
1.0 250mm
40 | 40 22 19 3206.0 14.2 757 106.8 143.3 —o— & 8o
2¢ —g Size:350mm X
5.0 50 17 14 2093.7 125 56.4 78.2 103.4 v 350me
6.0 8.0 27 23 396356 14.0 99.8 139.6 186.0 ‘0
-7.0 7.0 22 19 3206.0 155 83.9 1227 161.9 5o
8.0 8.0 50 43 14023.1 165 3196 453.7 811.1 60
8.0 8.0 50 43 14023.1 18.1 3254 4806 619.1 70
400 | 100 50 43 14023.1 18.7 3317 4681 828.0 84
410 | 1o — —_— 00
20 | 120 — —_ 100
-13.0 13.0 — — — 1.0
140 | 140 — - — 1ze
450 | 150 — e — 120
160 | 160 | — — — 140
150
470 | 170 - —— —
16.0
480 | 180 —_— - _—
179
1180 | 180 —_ — —
’E" 18.0
200 | 200 - — — g 100
i
20 | 210 — —_ £ 200
220 | 220 — - — ::i 210
230 | 230 e — —- a 220
240 | 240 - — — 30
250 | 250 — - — 20
260 | 260 —_ — _— 250
27.0 27.0 — - o 260
280 | 280 — —_— —_ 270
290 | 200 | — — — w0
2806
300 | 300 - s —
300
310 | 310 — — —
310
320 | 320 - — —
320
330 | 330 —_— - —
330
340 | 240 — — — s
350 | 450 —_ — — 260
360 | 350 —— —_ 360
370 | 370 - - — 370
8.0 | 38D —_ — — 360
300 | 390 _ — — 200
400 | 400 e — — 400

Note: Q,=Allowable axial pile capacity in kN; 1kN=0.101 Ten
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Axial Capacity for Pile Foundation

Project Name: Chittagong WASH Improvement Project
Location; Dhaka Trunk Road, Alongkar, Chattogram (22.36465, 91.78163)
[ BerholeNo: | BH-02:2 Date of Boring: | 13-May-2023 | RLatEGL(m) | 00000 | Factorof Safety: | a0
Axial Pile Capacity using SPT, N
§ | E End Bearing & Skin Friction Allowable Pile Capacity
e < g N Neo Sze:350mm x | 5126 300 Sze1350
@ o iZe, m [rd= 8 mm X (= M X
C o folkPa) | T kPa) 250mm 300mm 350mm
1.0 1.0 24 20 27175 40.0 80.0 96.0 112.0 Pite Capacity ()
-2.0 2.0 29 25 6793.7 50.0 1850 2340 2730 500 1006
00
3.0 3.0 20 17 B476.2 34.0 184.0 2548 2973 e Sizp:230mm X
1.0 250mpn
40 40 22 19 7600.0 38.0 2127 293.2 386.4 T X
20 Size:s’gumm X
5.0 50 17 14 5600.0 28.0 1820 246.4 320.1 v 350mm
6.0 6.0 27 23 9200.0 480 269.3 360.2 484.4 10
7.0 7.0 22 19 7600.0 38.0 250.0 338.0 4387 60
-8.0 8.0 50 43 11000.0 80.0 3372 459.6 600.4 6o
9.0 8.0 50 43 11000.0 0.0 3572 4836 628.4 70
100 | 100 50 43 11000.0 0.0 377.2 507.6 656.4 8.0
410 ] 1o — — — 9
120 | 120 — — —_ 100
-13.0 13,0 — - — o
140 | 140 — — — 120
450 | 150 — — 130
60 | 160 | — e — 140
150
170 | 170 — - -
189
<180 | 180 — — -
170
2190 | 190 — — —
’g 184
200 | 200 — — — 5 150
210 | 210 — — — ¥ 200
g
220 | 220 — — — % 210
230 23.0 — - S 20
240 | 240 e — 230
250 | 250 —_ — 240
260 | 260 — — — 250
27.0 27.0 -, — — 260
280 | 280 — e — 210
280 | 290 — — 280
280
300 | 300 —_ - —
6.6
Ho | Mo — - —
ate
20 | 320 - — —
320
330 | 330 — — —
330
340 | 340 — — — 20
350 | 350 — — — 150
360 | 380 - — _— 80
370 | 370 - — — 379
-38.0 38,0 — - —- o - - wmm 380
-390 | 390 — — -~ 390
-400 | 400 - —_-— - 400

Note: @ ,=Allowable axial pile capacity in kN; 1kN=0.1 01 Tan

Page 7




Estimation of Site Class

Project Name:

Chittagong WASH Improvement Project

Location:

Dhaka Trunk Road, Alongkar, Chatlogram {22.36465, 91.78163)

Borehole No:

BH-02-2 | Date of Boring: [ 13-May-2023 | RLatEGL (m): |  0.0000

Axial Pile Capacity as per Static Bearing Capacity

£ € Average Vs {m/s) N/A
? g £ N Neo Vs (misec) Average N N/A
w a Site Class N/A
1.0 1.0 24 20 2636 Shear Wave Velooity (3m.'sec)
] 100 200 00 400
2.0 20 29 25 285.7 0.0
-3.0 30 20 17 248.6 ;-0
0
-4.0 40 22 18 258.7 30
5.0 50 17 14 231.8 4.0
50
6.0 6.0 27 23 277.2 6.0
7.0 7.0 22 19 258.7 70
8.0 347i4
-8,0 8.0 50 43 347 4 9.0 34714
9.0 9.0 50 43 347.4 1?2 3474
-10.0 10.0 50 43 347.4 ?12'0
~13.0
" _— — ——_—— s |
11.0 11.0 B 140
120 12.0 £15.0
130 13.0 2180
o : 8170
-140 14.0 t18.0
19.0
-15.0 15.0 200
~16.0 16.0 21.0
22,0
-17.0 17.0 23.0
-18.0 18.0 24.0
25.0
-19.0 19.0 -— 26.0
-20.0 20.0 27.0
28.0
210 21.0 9.0
-22.0 220 300
-23.0 23.0 -—- --am m—m Note
-24.0 24,0 - SA! Rock or other rock-lik geofogical formafion
250 250 SB: Deposits of very dense sand, gravel, or very
stiff clay, af feast several fens of metres in
-26.0 260 - - — thickness
270 27.0 SC: Deep deposits of dense or medium dense
sand, gravel or sfiff clay with thickness from
-28.0 28.0 — several tens to many hundreds of metres
-29.0 29.0 o SD: Deposits of loose-to-medium cohesionless soil
-30.0 30.0 {with or without some soft cohesive layers
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Taboratory Test Results

Grain Size Analysis of Soill Sample

Project Name: Chittagong WASH Improvement Project
Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36465, 91.78163)
Date of Boring: 13-May-2023 Borehole No : BH-02-2
Sample Type Disturbed Depth (m): 3
Grain Size Analysis
Particle .
100 yrepr T T T T . 9
A = L A ; ] Size (mm) % Finer
90 S ‘ N 4 i
] HAERA 4.750 100,000
80 1y T ; T 2.380 100.000
70 : i ' I ‘ Y ‘ { : 1.180 99,661
iR HIINNIE Y i 0,600 95760
60 it SHEEE N i 0.300 80.156
Bso [ Lt \ . N N - 0.150 40.756
i 0 SN - 1 \ ‘ : 0.075 8.141
S : T ! ’ 0.000 0.000
30 fr g A : 0.000 0.000
s [IT: ; — i 0.000 0.000
IR B 0.000 0.000
10 : : 1 § H — 0.000 0.000
o L 1 ! N ! F ! niT 0,000 0.000
; ; 0.000 0.000
10 U Particle Size () 0.0l 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 91.86
Coarse Sand % 0.00
Medium Sand % 0.0¢ )
Ere Sandl % 91,66 Ref, ASTM D2487-11
Fines % 8.14
Silt % 8.14
Clay % 0.00 Ref ASTM D422
Dea % 0.200
Dao % 0.125
Dio % 0.070 Ref. ASTM D2487-11
Cy % 2.857
C. % 1.116
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Laboratory Test Results

Grain Slze Analysis of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Page 11

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36465, 91,78163)
Date of Boring: 13-May-2023 Borehole No ; BH-02-2
Sample Type Disturhed Depth (m): 8
Grain Size Analysis
Particle .
100 — : _ o
L =l - Size (mm) % Finer
90 : : \ !
\‘ 4.750 100.000
80 HOTN 2380 100,000
70 U L AR 1.180 97.653
f X ; G.600 93454
60 Fr TN = ‘ 0.300 69.701
ds0 [t e | IR I 1A N ; ! 0.150 28.064
i ; ' - 0.075 5311
=™ L \ ; 0.000 0.000
30 | | \ L 0.000 0,000
op LD . \ I 0.000 0.000
} ‘ % i ! 0.000 0.000
10 h ‘ ‘ ’ i\% ! 0.000 (.000
o LELL] i bl 0.000 0.000
. . 0.000 0.000
10 ! Pasticle Size () 0.01 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 94,69
Coarse Sand % 0.00
Medium Sand % 0.00 :
Fine Sand o, 94 60 Ref, ASTM D2487-11
Fines % 5.31
Silt % 5.31
Clay % 0.00 Ref: ASTM D422
Dea % 0.250
(0 % 0.160
Do % 0.090 Ref: ASTM D2487-11
Cu % 2.778
Ce % 1.138




l.aboratory Test Results

Direct Shear Test (Quick) of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Page 12

L.ocation: Dhaka Trunk Road, Alongkar, Chattogram {22.36465, 91.78163)
Date of Boring: 13-May-2023 Borehole No: BH-02-2
Sample Type Disturbed Depth: 9
100 T 7 } H
90 - - A n I Normal | Shear Stress
: ?, f Stress (kPa)]  (kPa)
-1 R DN S - ; oo ‘; S
T - ; t ﬁ..,g.,, e 24.70 17.07
a | ! ;
£ 60 5 B R e 49.40 51.21
R R o
H H {
240 . o A 72.20 69.98
2 5% ' ! | |
§ ’ ; 1 i o : T 98.80 81.36
@ 20 @ : ! ; ;
. . e ol S SRS S -
10 5. ; @ : !
0 ; ! { i ;
0 20 60 80 100 120
Normal Stress kN /m2)
Cohesion, ¢ (kPa) 0.0
Angle of Internal Friction, ® (Degree) 40.7




Borehole No: BH-02-3



Bore Log

Project Name:

Chittagong WASH Improvement Project

i.ocatian: Dhaka Trunk Road, Atongkar, Chattogram (22.36488, 91.78164)
Borehale No: BH-02-3 Depth of Water Table in m {FromEGL) :
Date of Boring {Strarting): 16-May-2023 RL at EGL (m): 0.0000
Liilling Details
Driling Method: | Wash | Driling Type: | manual | Borehote Dia (mm); | 100
Correction Factor (for SPT, N)
[ Hammer Efficency | .60 [Borencle Diameter | 1.00 | Standard Sampler | 1,00 | Rad Length ! 0.85
£ P g: _ ] Standard Penetration Test
s = = |28 Visual Descripfion of the 8 (8PT) - Vs
5 & - . tion N ' (& P
z E g_ JQE“:: = Strata c% E E E o Variation of SPT, N o | o (kPa) [ o (kPa) | ¢ {d) (ms)
] a ? 0 = 2 |&
4¢ | +0 | D | sand 8 | 10 | 13 ] 23 o s0 o0 | 20 18.0 - 33.0 | 2636
0
20 | 20 | D | sand 10 | 13 | 47 | 8o 26 36.0 — | 360 | 2897
1
30 | 30 | » | Sand 7 8 10 | 18 15 54.6 - | 320 | 2378
e 2
20 | 40 | D | sang | Sandwith Sit Medum 9 | 10| 15| 28 | M | 623 | — | 330 | 2882
Dense .3
50 | 50 | D | sand 6 |1 (13|, 20 706 - | 330 | 2636
60 | 80 | D | Sand 5 7o o AT 14 76.8 e | 310 | 2318
40 L 70 | D | sand g [ 10| 151 25} o 21 86.4 - 33,0 | 2682
80 | 80 | D | sand 18 | 20 | 30 | s0 | . 4 4.7 —e | 400 | 347.4
90 | 90 | D } Sand Sand with Silt; Dense 50+ | — | | 80 [ , 43 | 1038 | -~ | 400 | 3474
-10.0 | 160 { D | Sand 60+ [ v | - | 50| g 43 | 1130 | — | 400 | 3474
A41.0 | 110 U [NUNI S -
420 | 120 T
13,0 | 130 OU [NSRU S 12 -
440 | 140 ;18 -
4450 | 15.0 14 - - -~
4160 | 160 18 - —
A7.0 | 170 18
8.0 | 18.0 e | | - 17 - -
4190 | 190 N 13 -
200 | 200 19 - — - e |
210 | 210 N I A e | e e | e |
220 | 220 N N A . U U U
22
230 | 230 . - - -
‘23
240 | 240 — i -
24
250 | 250 e e | ‘ —-—
26
260 | 260 : . - -
.26
270 | 270 S [ = - -
280 | 280 U P .
290 | 290 " og o~ -
-30.0 | 300 . - "a0 - e
-31.0 31.0 - m— —— =Y e --= e m— —--
320 | 320 3
-33.0 | 330 el B B 33 - -
-34.0 | 340 e 34 -
350 | 350 ‘a5 —
-236.0 | 360 e | B 36 -
7.0 | 370 97 - - -
2380 | 38.0 e . —
-39.0 | 390 B % -~ — | -
400 | 400 (40 - |

* ¢, ¢and Vs are cakoulaled based on standard corelation with SPT

Sand

D = Dislurhed Sample

Sile

%«%ﬁ Clay

U = Undisturbed Sample
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Bearing Capacity for Shallow Foundaton

Project Name:

Chlttagong WASH Improvement Project

Location; Dhaka Trunk Read, Alongkar, Chattogram {22.36489, 91.78164)

[ Barehole No: | BH-02-3 } Date of Boring: i 16-May-2023 ] RL at EGL: | 0.0000 E Factor of Safety ; 3.0

Axial Plle Capacity as per Static Bearing Capacity
.§ —_ E Width:1.5m Width:2 m Width:2.5m Recommended Allowable Bearing Pressure {(kPa)
gE £ N Nso
,_-S 3 -1 (kPa) [ g,-2 (kPa} | q-1 (kPa) | g,-2 (kPa) | q,-1 (kPa) | q,-2 (kPa) | Width:1.5m Width:2 m Width:2.6 m
-1.0 1.0 23 20 337.1 308.0 385.0 3424 4329 | 378.7856 3225 363.7 4055

1.5 15 26 22 501.6 483.2 559.3 5179 617.0 | 5124554 492.4 538.6 564.7

2.0 2.0 a0 26 709.8 720.3 780.2 7522 8506 | 700.7585 7151 766.2 780.2
-3.0 30 18 15 637.6 706.2 676.8 700.2 715.9 | 808.4202 6719 688.5 662.2
-4.0 4.0 25 21 736.6 890.1 758.6 841.6 780.7 | 670.4071 8134 800.1 725.6

Note: g,-1: using Terzaghi's bearing capacity formula, q,-2: using Meyerhof bearing capagity formula

1kPa=0.010 tt*
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Axiat Capacity for Pite Foundation

Project Name: Chittagong WASH Improvement Project
L.ocation: Dhaka Trunk Road, Alongkar, Chattogram (22.36489, 91.78164)
[ BoreholeNo: | BH-023 | Date of Boring: [ 15-May-2023 | RLatEGL(m)}: |  0.0000 Factorof Safety: | 3.0

Axial Pile Capacity using Static Bearing Capacity

S E End Bearing & Skin Allowable Pite Capacity
5E £ N Mg Friction
s | B
n a fo(kPa) fs (kPa) Dia:500mm Dia:800nmm Dia:700mm
-1.0 1.0 23 20 828.56 24 59.4 853 115.8 Pile Capacity (N}
-2.0 2.0 30 26 24488 4.8 163.4 234.6 3188 0 500 1000 1500
0.0
30 | 30 18 15 12959 7.3 91.2 1207 175.1 o I
-4.0 4.0 25 21 1603.0 8.4 115.4 163.6 2203 l —6—Dia:600mm
20 —a— Dia:700mm
5.0 5.0 24 20 1603.0 a5 120.0 169.2 2268 a0
6.0 6.0 17 14 1046.9 10.5 88.9 123.1 162.8 10
-7.0 7.0 25 21 1603.0 11.6 131.0 182.4 242.2 50
8.0 8.0 50 43 70116 12.4 4913 699.7 944.8 .
8.0 9.0 50 43 7011.6 138 498.1 707.9 954.3 70
~10.0 10.0 50 43 70116 t4.8 5055 716.8 964.7 8.6
A410 | 110 — — 80
-12.0 12.0 - - - 100
13,0 13.0 — - — .0
140 140 — —_— — 20
450 | 150 — — _— 130
14,
460 | 180 — - — ¢
150
470 | 170 — — —
16.G
480 | 180 - — —
170
190 | 19.0 e — —
"é 180
-20.0 200 —- - — 2 100
210 | 210 - — - ”é 00
220 220 - — — % 210
-23.0 23.0 —- e - —_ - - o 3 220
240 240 — e _ 23.0
-25.0 250 - — — 24.0
-26.0 26.0 - . — 25.0
2790 27.0 — - 260
280 | 280 — — - o
290 | 280 | - — — 80
29,0
300 | 300 — - —
aco
3o | 310 — — —
31.0
320 | 320 — —
3zo
-33.0 330 — — —_— 0
340 | 340 - — — 0
350 | 350 - — e 250
360 | 30 | - - - 360
370 | 370 — — — 7.
380 | 380 — —_ —_— 386
380 | 280 — - — 3.0
400 | 400 — -— — 400
Note: @ =Allowable axial pile capacity In kN; 1kN=0.101 Ton

Page 4



Axial Capacity for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.368489, 91.78164)
| BoreholeNo: |  BHD2:3 | Date of Baring: | 15-May-2023 | RLalEGL(m): | 0.0000 | Faclorof Safety: | 3.0
xial Pile Capacity using SPT. N
§ E End Bea'rm'g & Skin Allowable Pile Capacity
= Friction
SE | £ N Neo
ﬁ a fo(kPa) fs {kPa) Dia:500mm Dia:600mm Dia: 700mm
-1.0 1.0 23 20 509.5 200 49.7 59.7 69.6 Pife Gapacity (kN)
2.0 2.0 30 26 13248 260 1246 149.5 1745 500 1000
o0
3.0 3.0 18 15 1146.4 15.0 1216 145.9 170.2 o G600
10 .
-4.0 4.0 25 21 2140.0 21.0 2076 2491 2906 = Dia:800m
20 —a— Dia:700mm
5.0 5.0 24 20 25476 200 248.8 298.7 349.7 a0
-6.0 6.0 17 14 2000.0 14.0 199.8 2727 318.1 10
7.0 7.0 25 21 3150.0 21.0 2776 382.6 504.1 5o
8.0 8.0 50 43 4000.0 430 3500 482.9 6356 60
-8.0 9.0 50 43 4000.8 43,0 372.5 509.9 668.2 7.0
-10.0 10.0 50 43 4000.0 43.0 395.1 536.9 689.7 8.0
-110 1.0 — 8.0
120 | 120 — — —_ 100
-13.0 13.0 — — - 1o
-14.0 14.0 — — — 120
450 | 150 —_ —_ — 120
460 | 160 | - — — 1o
150
-17.0 17.0 - e —-
180
-18.0 18.0 — —_ —
17.0
<190 | 180 e — —
5 160
=200 20.0 - - — 190
-21.0 21.0 — — — £ 200
e
220 | 220 — - = 210
o
-23.0 23.0 - - —- — - - men 0 220
240 240 - — — 230
250 | 250 — — — 240
260 | 260 — - - 250
27.0 27.0 — — —— 60
280 | 280 — — 270
200 | 290 — e e 80
280
300 | 300 — -
30.0
310 | 310 e — —
316
-32.0 320 — -~ —
320
-33.0 33.0 — s —
3ag
340 | 340 — — — 20
350 | 350 — — — 450
-36.0 | 36.0 — — — 160
370 | 370 — - — 7.0
-38.0 38.0 —— - —- —- rmnn ——— 38.0
-39.0 3.0 — - — 39.0
-400 | 4o.0 — — — 400

Nofe: @, =ANowable axial pfle capacity in KN; TkN=0.101 Ton
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Axial Capacity for Pile Foundation

Project Nams;

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattegram (22.36489, 91.78164)
[ BoreholeNo: |  BH-02-3 Date of Boring: | 15-May-2023 [RLatEGL(m): |  ©0.0000 | FactorofSafety: | 3.0
Axial Pile Capacity using Static Bearing Capacity
g . g End Bearing & Skin Friction Allowable Pite Capacity
s | % N Neo Size250 5ize1300 Size350
o 12e. mm X ri:H mimn X s mim x
il a fokPa) | s (kPa) 250mm 300mm 350mm
1.0 1.0 23 20 17773 32 38.1 54.6 741 Pile Gapaciy (kN)
2.0 2.0 ap 26 4897.6 6.4 104.7 150.1 203.7 500 1000
0.0
3.0 30 18 15 2591.7 8.7 59.4 84.2 113.4 e St 250mm
10 s0mm
-4.0 4.0 25 21 3206.0 1.1 757 108.8 1433 T e ¢
20 —t— Size 380mm x
-5.0 50 24 20 3206.0 126 796 1116 148.9 20 S#0mm
8.0 8.0 17 14 20037 14,0 60,8 835 109.7 ro
7.0 7.0 25 21 3206.0 15.5 89.0 122.8 162.0 5o
8.0 8.0 50 43 14023.1 16.5 319.6 453.7 611.1 50
9.0 8.0 50 43 140231 18.1 325.4 460.6 619.2 78
-10.0 100 50 43 14023.1 19.7 331.7 468.2 628.0 80
1.0 1.0 - — — 8.0
-12.0 12.0 — - — 10.0
-13.0 13.0 — — —n 1.0
-14.0 14.0 e — — 120
450 | 150 — — — 130
460 | 160 - — e
15.6
470 | 170 - — —
166
480 | 180 — — —
17.0
-19.0 | 18.0 - — —-
E 18,0
200 | 200 - - — 4 190
210 | 2o — — — ' 200
g
220 | 220 — — — E a0
£
230 | 230 — - — A 220
240 | 240 - — — 250
250 | 250 —_ —_ — 240
260 | 260 — —_ — 250
-27.0 27.0 —n — —_— 269
280 | 280 _ — —_ 270
290 | 290 —_— e — 4
29.0
300 | 300 — - —
30.0
310 | 30 — e —
310
420 | 820 e — —
320
330 | 330 e — —
Jac
340 | 340 — — — 210
350 | 350 —- — — 50
360 | 280 - — — 380
370 | 370 — — — 370
-38.0 38.0 —- —- —_ - - —- - 35,0
380 | 390 — — - 390
400 | 400 - —_ - 400

Note: @ ,=Allowable axial pile capacity in kN; TkN=0.101 Ton
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Axial Capacity for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattagram (22.36488, 81,78164)
[ Borehole No: | BH-02:3 | Dae of Boring: | 15-May-2023 | RLatEGL(m): |  ©0.0000 | FactorofSafety: | 3.0
Axial Pile Capacity using $PT, N
.§ — E End Bearing & Skin Friction Allowable Pile Capacity
2 E £ N Nao - . ;
@ & Size:250mmx | Size:300mmx | Size:350mm x
“J al fokPa) | fs kPa) 250mm 300mm 350mm
A0 1.0 23 20 27175 40.0 80,0 96.0 112.0 Plle Capacily (kM)
2.0 2.0 30 26 7065.4 52.0 202.0 242.4 262.8 500 1000
8.0
3.0 3.0 18 15 57143 30.0 167.3 230.8 2693 e Szc250mm
1.0 mm
40 | 40 25 21 8400.0 420 2293 317.2 419.1 o
20 Stza:3almm x
5.0 5.0 24 20 8000.0 400 234.7 3216 4219 ‘o 58mm
6.0 6.0 17 14 5800.0 28.0 196.0 263.2 3397 w0
7.0 7.0 25 21 8400.0 420 266.0 361.2 470.4 50
8.0 8.0 50 43 11000.0 60.0 337.2 459.6 600.4 60
9.0 8.0 50 43 11000.0 80.0 357.2 4836 628.4 70
-10.0 10.0 50 43 11000.0 80.0 3772 507.6 656.4 8.0
1.0 11.0 — — —_ 86
-i2.0 12.0 — — - 1ee
-13.0 13.0 - — - 1.6
<140 14.0 — — — 120
450 | 150 — — - 130
460 | 160 | < — — 1o
150
7.0 17.0 — - —
160
-18.0 18.0 — — -
170
-18.0 1.0 — — —
'g 180
200 | 200 — — — = 180
w
210 | 210 - — E 200
220 | 220 — — — =
% 21.0
230 | 230 - — 3 220
240 | 240 — — — 230
250 | 250 - — — 240
260 | 260 — — - 2.0
270 27.0 - - — 260
280 | 280 - - — 279
-28.0 29.0 — — . . o . o 28.0
29.0
<300 | 300 —_— — —_
30.0
310 | 310 — . —
31.0
320 | 320 - — —
320
330 | 330 - — —_
330
340 | 340 — — - 20
350 | 350 — — — 150
380 | 360 — — — 360
10 | 370 — — — G
380 | 380 e — — a6
300 | 390 - — — 380
400 | 400 — - — 400

Nofe: G, =Allowable axiaf pile capacity in kN; TkN=0.101 Ton
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Estimation of Stte Class

Project Name:

Chittagong WASH Improvement Project

Page 8

|.ocation: Dhaka Trunk Road, Alongkar, Chattogram (22.36489, 91.78164)
| Borehole No: | Date of Boring: I 15-May-2023 | RLatEGL (m): [  0.0000
Axial Pile Capacity as per Static Bearing Gapacity
5 E Average Vs (m/s) N/A
“g E £ i Nage Vs (m/sec) Average N N/A
- @
w a Site Class N/A
1.0 1.0 23 20 263.6 Shear Wave Velosily Smn'sec)
] 100 200 00 400
2.0 2.0 30 26 289.7 0.0
3.0 3.0 18 15 237.6 1.0
2.0
-4.0 40 25 21 268.2 3.0
50 5.0 24 20 2636 ;g
6.0 6.0 17 14 2318 6.0
7.0 7.0 25 21 268.2 70
8.0 a47l4
-8.0 8.0 50 43 347.4 8.0 247(4
9.0 a0 50 4 347.4 1?3 sand
-10.0 10.0 50 43 3474 /§12.0
~13.0
- i —— m— 1
1.0 11.0 8140
-12.0 12.0 ——— - E15.0
=160
-13.0 13.0 f"* 170
-14.0 14.0 2180
19.0
15,0 15.0 20,0
-160 16.0 — 21.0
22.0
-17.0 17.0 3.0
180 18.0 - 240
25.0
19.0 18.0 26.0
.20.0 20.0 27.0
28.0
'21 .0 21 .O m - m—— 29'0
22,0 22,0 _— 30.0
-23.0 23.0 o Note
-24.0 24.0 “omm SA: Rock or other rock-lik geological formation
250 950 — 8B. Deposifs of very dense sand, gravel, or very
stiff clay, at least several tens of metres in
-26.0 26.0 thickness
270 270 SC: Deep deposits of dense or meditm dense
sand, gravel or sfiff clay with thickness from
-28.0 28.0 - several tens to many hundreds of mefres
+29.0 28.0 - — SD: Daposits of foose-fo-medium cohesfonless soif
300 30.0 o (with or without some soft cohesive layers
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Laboratory Test Results

Grain Size Analysis of Soil Sample

Proiect Name:

Chittagong WASH Improvement Project

Page 10

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36489, 91.78164)
Date of Boring: 15-May-2023 Borehole No ; BH-02-3
Sample Type Disturbed Depth (m): 4
Grain Size Analysis
\ Particle .
00 ~ T . 0
1 — -,{.__? N T Size (mm) % Finer
90 i :
: \ ; 4.750 100.000
80 s \ ; 2.380 100,000
70 [ ; \\ IE 1.190 99.457
g | L 0,600 97.013
60 g i 0.300 90.768
850 i : . ; I — 0.150 35.650
o o SHIE \ i =] 0.075 7.874
= I ' B ; Y ! 0.000 0.000
30 b AR \\ ; 0.000 0.000
s [ : T \\IE 0.000 0.000
15 ; L [ 0.000 0.000
10 H+ : N : i 0.000 0.000
o L T 1NN s ! 0.000 0.000
; . 0.000 0.000
10 1 pasticle Size (o) 0.01 0.00t 0.000 0.000
Soil Type Unit Value Remarks
Sand % 92.13
Coarse Sand % 0.00
Medium Sand] % 0.00 .
FnoSandl % 5513 Ref: ASTM D2487-11
Fines % 7.87
Silt % 7.87
Clay % 0.00 Ref: ASTM D422
Deg % 0.200
Do % 0.150
Dy % 0.080 Ref. ASTM D2487-11
Cy % 2.500
Ce % 1.406




Laboratory Test Results

Grain Size Analysis of Soil Sample

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (22,36489, 91.78164)
Date of Boring: 15-May-2023 Borehole No : BH-02-3
Sample Type Disturbed Depth (m): 5
Grain Size Analysis
: Particle .
100 ., T . % Finer
f | | 11
o0 | et il 3ize {mm)
i | 4.750 100.000
80 w 2.380 100.000
L) : 0.600 94278
60 T i : 0.300 82.561
g 50 [l ] ;\ i - 0.150 30.245
h"40 T iEn \ i 0.075 5177
P N LT \ 0.000 0.000
30 é by 0.000 0.000
20 S it 0.000 0.000
: _ 0.000 0.000
10 -~ T N | 6.600 0.000
a P = [ | I s : 4.000 0.000
; ; . 0.000 0.000
10 L Particle Size (o) 0.01 0.001 0.000 0.000
Soil Type Unit Value Remarks
Sand % 04.82
Coarse Sand{ % 0.00
Medium Sand] % 0.00 y
Fine Sandl % 5480 Ref: ASTM D2487-11
Fines % 5.18
Silt % 5.18
Clay % 0.00 Ref. ASTM D422
Dso % 0.200
Dso % 0.150
Do % 0,080 Ref: ASTM D2487-11
Cy % 2,500
Ce % 1.408
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Laboratory Test Results

Grain Size Analysis of Scil Sample

Project Name: Chittagong WASH Improvement Project
Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36489, 91.78164)
Date of Boring: 15-May-2023 Borehole No : BH-02-3
Sample Type Disturbed Depth {m): 9
Grain Size Analysis
; Particle .
100 " T T . 9
e N : j Size (mm) % Finer
90 |t SN ;
HH N i 4750 100,000
80 7 SEANAY s 2.380 100.000
70 [ 3 \ 1.190 99.759
SRR L 0.500 90.708
60 A , 0.300 72.204
350 H | Y L | - 0.150 25.141
i 40 : 7 : i 0.075 4.626
€ ; \ ; ! 0.000 0.000
30 Rt L 0.000 0.000
20 ; SN \ i 0.000 0.000
? i AV i 0.000 0,000
10 b e : _ Hin 0.000 0.000
o Lo | I i 11 0.000 0.000
‘ \ 0.000 0.000
10 1 Pasticle Size (o) 0.01 0.001 5.000 0.000
Soil Type Unit Value Remarks
Sand % 95.37
Coarse Sand % 0.00
Medium Sand % 0.00 !
Fine Sandl % 5537 Ref; ASTM D2487-11
Fines % 463
Silt % 463
Clay % 0.00 Ref. ASTM D422
Do % 0.250
Dy % 0.170
Do % 0.090 Ref: ASTM D2487-11
Cy % 2.778
Ce % 1.284
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Borehole No: BH-02-4



Bore Log

Project Nama: Chittagong WASH Improvement Project
Localion: Dhaka Trunk Road, Alongkar, Chattegram (22.38463, 91.78171)
Borehole No: BH-02-4 Depth of Water Table Inm {From EGL) : 30
Date of Boring {Strarting): 15-May-2023 RL at EGL (). 0.0000
Drifling Details
Drilling Method: | Wash | Driling Type: l Manual l Berehole Dia {mm): ! 100
Correction Factor (for SPT, Nj
[ Hammer Efficiency | 0.60 [ Borehote Diameter | 1,00 T Standard Sampler | 1.00 Rod Length | 0.85
= = o Standard Penetration Test
e £ "g'. 2 E: Visual Descriptlon of the g (SPT) N Vs
o £ Tt ' )
g E .% g Sl s Strata % E £ E Ej ~ Variation of SPT, N o | 9 (kPa) fe{kPa) | ¢(d) (mis]
i 8 |7 | @ e e | e |§
-1.0 1.0 D Sand 10 19 14 24 50 100 20 18.0 e 33.0 263,86
[+
-2.0 2.0 D Sand 7 7 10 17 14 36.C e 31.0 235.8
1 24
-3.0 3.0 D Sand Sand with Sitt: Medium 9 11 15 28 | 22 53.4 - 34.0 2728
! P2 17
40 | 40 | D | sand Densa 1M | 2 | 17§ o0 . 26 61.8 - | 350 | 2897
: 26
-5.0 5.0 D Sand 40 g 12 21 s a0 18 708 men 32.0 2537
-6.0 6.0 0 Sand 8 14 15 29 | 5 21 26 78.8 - 350 | 2857
7.0 7.9 D Sand 11 16 18 33 | 8 29 28 87.3 e 35,0 297.6
-8.0 B.0 D Sand 50+ | - - 50 v 43 96.3 e 40.0 347.4
Sand with S#: Dense 33
-9.0 9.0 D Sand 50+ e e §0 8 50 43 1086.4 - 40.0 347 .4
0.0 [ 100 | D | sang 80+ | — | — | 80 | 4 s 43 | 1148 | - | 400 | 347.4
-11.0 | 110 — | - - 10 50 .
120 | 120 B P41 —
-13.0 | 130 e | ] 2 —
140 | 1490 - [i3 e -
46.0 | 160 S [ — 14 -
-16.0 | 16,0 P B e 218 - -—-
7.0 | 1786 R R 116 . —
8.0 | 180 17 N
9.0 | 490 18 o e B B
200 | 200 e | e | 19
-21.0 | 21.0 EUN N - .2 - - —
121
-22.0 | 220 - - -
i22
230 | 230 e [ e
P23
240 | 240 — | - = -
124
-25.0 | 260 N T ‘ - -
25
-28.0 | 26,0 . e . -- -—- - — —
3 26
270 ] 270 DOV NI a7 —
280 | 230 28 -
-29.0 | 280 I e - - —-— —
-30.0 | 300 a0 -
-31.0 | 310 RUNE NI e i a1 - - —
-32.0 | 320 e Can - ——
-33.0 | 330 — 33
340 | 340 | - ‘34 -
-35.0 | 350 "35 — - -
-36.0 36.0 e nn . |36 — — . —
7.0 | are S [ |37 —
-38.6 38.0 R— [ - 38 ——- - — [ ——
300 | 390 NI - % - - -
-40.0 | 400 ;40 - - — ] —
**¢, ¢,and Vs are caleulated based on standard corelation with SPT
Sand i ' Shale
D = [isturbed Sample U = Undisturbed Sample @
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Bearing Capacity for Shallow Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36463, 91.78171)
[ _Borehale No: | BH-024 | DateofBoring: |  15-May-2023  |RLatEGL.| 0.0000 | Factar of Safety : 3.0 |
Axial Pile Capacity as per Static Bearing Capacity
.§ _ E Width:1.5 m Width:2 m Width:2.5 m Recommended Allowable Bearing Pressure {(kPa)
g E = N Mag
i g da=1 (kPa) | g,-2 (kPa) | g1 (kPa) | 9,2 (kPa) | q,-1 (kPa} | q,-2 (kPa) | Width:1.5 m Width:2 m Width:2.6 m
-1.0 1.0 24 20 3371 308.0 385.0 342.4 4329 {378.7856 3225 363.7 405.9
-15 1.5 20 17 375.6 361.3 4152 384.3 454.8 | 379.0286 368.4 399.8 416.9
-2.0 2.0 17 14 400.6 404.4 4335 416.8 466.3 | 391.9046 4025 4251 429.1
-3.0 3.0 26 22 821.0 914.1 878.7 912,2 936.3 | 792.9911 BBY.5 895.4 864.7
-4.0 4.0 30 26 951.4 1158.2 984.6 1087.8 | 1017.9 | 870,7307 1054.8 1041.2 944.3

Note: g,-1: using Terzaghi's bearing capacity formula, q,-2: using Meyerhof bearing capacity formula

1%Pa=0.010 tif*
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Axial Capacity for Pite Foundation

Project Name: Chittagong WASH Improvement Project
Location: Dhaka Trunk Read, Alongkar, Chattogram {22.36463, 91.78171)
[ Boreholeho! | BH024 | Date of Boring: [ 15-May-2023 | RLatEGL(m): |  0.0000 | FactorofSafety: | 3.0
ial Pile Capacity using Static Bearing Gapagcl
é — E End B:;zgg:‘ Skin Allowable Pile Capacity
g £ g N Nsa
I} 3 fh(kPa) fs (kPa) Dia:500rmm Dia:800mm Bia:700mm
1.0 1.0 24 20 888.6 2.4 59.4 85.3 115.8 Pile Capacity (k)
«2.0 20 17 14 1046.9 4.8 7.7 024 138.7 500 1000 1500
0.0
30 | 30 26 22 1981.8 7.2 136.0 184.3 263.0 ) e Diz600m
-4.0 4.0 30 28 24488 8.3 1706 2432 3286 ' =& Dix:600mm
20 e Di:700mm
-3.0 5.0 21 18 12959 9.5 98.8 1401 187.2 a0
-6.0 6.0 29 25 24488 105 180.5 2851 342.4 w0
-1.0 7.0 33 28 24488 1.7 186.3 2620 350.6 .
-8.0 8.0 50 43 70116 12.6 4913 699.7 944.8 60
9.0 9.0 50 43 70116 138 4982 708.0 8545 70
-10.0 00 50 43 7011.6 15.0 505.7 717.0 965.0 8.6
10 | 110 — — 5.6
-i2.0 2.0 _— — 100
-13.0 130 — - 116
140 140 — 1ze
450 | 450 — —_ —_— 120
460 | 180 | — — e
5.0
470 | 47D — — -
16.0
.80 | 180 — — e
17.6
190 | 190 — -— —
188
200 | 200 — — — 5 150
e
210 | 210 — — — E 200
=220 220 e - - - - — - Z 20
.
230 23.0 — — — A 220
-24.0 24,0 — won —- — - o - 23.6
250 | 250 — —_ - 240
260 | 260 — 250
270 270 e — 260
280 | 280 — — 70
290 | 290 | — e 204
29.0
300 | 300 — — -—
0.0
310 | 310 — — o
ato
320 | 320 — —
320
-33.0 330 e —_— —_—
330
340 | 340 — — -— 240
350 | 350 — — 50
360 | 360 - — - 360
370 | 370 — — - 37.0
380 | 380 — — - 38.0
380 | 390 — - - 39.0
400 | 400 — — - 40,0

Note: @ , =Alfowahie axial pile capacity in kN; 1kN=0.161 Tan
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Axial Capasity for Pile Foundation

Project Name;

Chittagong WASH Improvement Project

Location: Dhaka Trunk Read, Alongkar, Chatiogram (22.36463, 81,78171)
[ Borehole No: | BH024 | Date of Borlng: | 15May-2023 [ RiatEGL(m): | 0.0000 | FactorofSafety: | 3.0
Axial Pile Gapacity using SPT. N
8 E End Bea.ﬂr!g & Skin Allowable Pile Gapacity
= Friction
2E £ N Nso
ﬁ a fo(kPa) fs {(kPa) Dia:500mm Dia:600mm Dia: 700mm
-1.0 1.0 24 20 509.5 200 49.7 588.7 £9.8 Pite Capacity (ikN)
-2.0 20 17 14 7133 14.0 74.4 89.2 104.1 [ 500 1000
0.0
3.0 3.0 26 22 1681.4 220 156.4 190.1 2217 ) e D500
-4.0 4.0 3¢ 26 26485 28,0 2456 254.7 343.8 ‘ —e—Dia:600mm
N 20 —a—Dia:700mm
-5.0 5.0 21 18 22929 18.0 2298 2755 321.4 20
5.0 6.0 29 25 3571.4 25.0 3096 430.4 502.1 10
7.0 7.0 33 28 4000,0 28.0 3398 470.8 5223 50
-8.0 8.0 50 43 4000.0 430 358.4 492.9 §48.4 6o
9,0 8.0 50 43 4000.0 430 380.9 519.9 679.9 70
-10.0 10.0 50 43 4000,0 43.0 403.4 547.0 711.4 8.0
Mo | 1o - - 80
20 | 120 — — — 10.0
30 | 130 - — 1.0
140 | 140 — — — 120
450 | 180 — — 124
14.0
-16.0 16.0 — —_— -
15,0
170 170 — _— -
16.0
180 | 180 — — _—
170
-18.0 19.0 - - - s L] wanm e =180
200 | 200 — - — 4 190
I}
20 | 2o — — £ 200
220 22.0 — — = 210
53
-23.0 3.0 e e —- - - - - 0 220
240 | 240 — — onen 230
250 | 280 — — - 240
280 | 260 — wwen — 250
270 27.0 — — - 269
280 | 280 — — —_ 20
200 | 280 — — 70
29.0
300 | 300 —_ — -
0.0
-31.0 310 e —- - e wemn o -en
310
320 | 320 — - —
a0
330 | 330 — e — o
340 | 340 - - - sic
350 | 350 - -— — 256
360 | 360 — - — 36.0
370 | 370 - — -— 370
-38.0 38.0 —- - — e s o — 38.0
-359.0 38.0 ——- —— - s wav e - 38.0
400 | 400 — — - 100

Note: }, =Allowahle axial pile capacity in kKN; TRN=0.701 Ton
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Axial Capacily for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Read, Alongkar, Chattogram (22.36463, 91.78171)
| BoreholeNo: |  BH-024 Date of Boring: | 15-May-2023 [ RLatEGL(m): |  0.0000 | FactorofSafety: | 3.0
Axlal Pife Capacity using Static Bearing Capacity
S k) End Bearing & Skin Eriction Allowable Pile Capacity
TE | = N Neo
i o Size:250mmx | Size:300mmx | Size:350mm x
i a k) | s (Pa) 250mm 300mm 350mm
4.0 1.0 24 20 17773 3.2 38.1 54.6 74.1 Pie Capacity (kN)
2.0 2.0 17 14 2093.7 6.4 46.3 66.0 89.2 0 500 1000
0.0
30 3.0 26 22 3963.6 9.6 87.9 1253 169.3 —a— Size:250mm x
1.0 Fpom
4.0 4.0 30 28 48976 110 110.8 1575 212.3 “‘i%‘i:ﬁo"‘““
20 i Size 350MM X
5,0 5.0 21 18 25917 128 68.7 630 123.86 " #omm
6.0 6.0 29 25 4897.6 14.0 119.2 1675 224.0 ‘o
7.0 7.0 33 28 4897.8 156 124.1 173.4 230.9 5o
8.0 8.0 50 43 14023.1 16.8 3198 4537 611.1 60
8.0 9.0 50 43 14023.1 18.4 3255 4607 619.3 70
00 | too 50 43 140231 20.0 331.9 488.4 628.2 8.0
-11.0 1.0 - e e 9.0
120 | 120 — — — 10.0
130 | 430 e — — 1o
140 14.0 — — — 120
450 | 150 — — — 89
460 | 160 | - — —_ e
150
47.0 | 170 — - -
46,0
180 | 180 - — —_
47.0
180 | 190 - —_ — .
'g 18.0
200 | 200 — — — = 10
Lex
210 | 210 - — — £ 700
220 22.0 — —— — =
% 210
230 | 230 — — — & 220
240 24.0 —- - — —- - ——- 230
250 | 250 — — 240
260 | 280 — — — - 260
270 270 —- - — 60
280 | 280 — — — 7o
290 | 280 — — —_— 280
280
300 | 300 —_ — —
300
3o | Mo _— — —
310
320 | 820 — — —
320
330 | 2330 — — — —
3340
340 | 340 - — — 260
350 | 350 — — — 350
380 | 380 —_ — 60
370 | 370 - - - a7.0
380 | 380 — —— — 380
390 | 380 — - - 33,0
400 | 400 — — — 400

Note: Q ,=Alfowable axial pile capacity in kN: 1kN=0,101 Ton
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Axial Capacity for Pile Foundation

Project Name:

Chittagong WASH Improvement Project

Lacatioh: Dhaka Trunk Road, Alongkar, Chatlogram (22.36463, 91,78171)
| “Borehole No: | BH-02-4 Date of Boring: | 15May-2023 [ RLatEGL(my: | 00000 | FactorofSafety: [ 3.0
Axial Pile Capacity using SPT, N
s_| E End Bearing & Skin Friction Aliowable Pile Capacity
€| % N Nea SEo-250mm X | Se300mm x | Skzer350mm X
& M M .
i A fbikPa) fs fkPa) 250mm 300mm 350mm
1.0 1.0 24 20 27175 40,0 0.0 96,0 112.0 Sile Capacity (kM)
2.0 2.0 17 14 38044 280 118.0 141.6 165.2 500 1000
6.0
3.0 3.0 26 22 83810 44.0 2200 308.0 359.3 -
1.0 25omm
-4.0 4.0 ag 26 10400.0 52.0 269.3 3752 498.4 “‘5%;,;3"”'“”’ *
- 2.0 —o—g'ze:arEOmm x
5.0 5.0 21 18 7200.0 36.0 217.3 296.8 388.3 10 dmm
6.0 8.0 28 25 10000.0 50.0 260.0 398.0 5227 w0
7.0 7.0 33 28 11000.0 56.0 3285 4492 588.2 50
8.0 8.0 50 43 11000.0 60.0 3478 4724 615.3 60
9.0 9.0 50 43 11000.0 80.0 367.8 496.4 6433 70
-10.0 10.0 50 43 11000.0 60.0 3gr.8 520.4 6713 80
10 | 110 —_ — - 30
120 | 120 — — — 100
130 | 130 — - — 1o
140 | 140 — — — 120
50 | 150 |~ - — 139
14.0
160 | 180 — — —
15.0
A70 | 170 — — —-
16.0
180 | 180 — — —
i7.0
-19.0 19.0 — —
E 18.0
200 | 200 — — — 2 100
210 21.0 _— - — Y oo
8
220 | 220 — e — S 210
5
230 | 230 — — — & 20
-24.0 24.0 —- amnm — - —- — - 23.0
250 | 250 — - — 24.0
280 | 260 — — - 250
-27.0 27.0 o~ —_ - 260
280 | 280 — — — o
290 | 280 —_— — 0
290
300 | 300 — - — —
300
310 | 310 — —
310
320 | 320 - — e
320
330 | 330 - — — o
340 | 340 — — — a0
350 | 350 — e — 250
360 | 360 - — - 350
370 | 370 - — — - 374
-38.0 38,0 - - —- —- -— - - 350
390 | 390 — - — 390
400 | 400 — — — 40.0

Note: Q ,=Allowable axial pile capacity in kN; 1kN=0.101 Ten
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Estimation of Site Class

Project Name:

Chittagong WASH Imprevement Project

Location:

Dhaka Trunk Road, Alongkar, Chattogram (22.36463, 91.78171)

Borehole No:

BH-024 t Date of Boring: { 15-May-2023 | RLatEGL(m): |  0.0600

Axial Pile Capacily as per Static Bearing Capacity

c £ Average Vs (m/s) N/A
'g £ s N Ngg Vs (m/sec) Average N N/A
il a Site Class N/A
-1.0 1.0 24 20 263.6 Shear Wave Velocity %mlsec)
0 100 200 00 400
2.0 2.0 17 14 2318 0.0
3.0 3.0 26 2 272.8 ;g
-4.0 4.0 30 26 289.7 3.0
5.0 5.0 21 18 253.7 ;g
8.0 6.0 29 25 2857 6.0
7.0 7.0 33 28 2976 70
8.0 3474
-8.0 8.0 50 43 3474 9.0 34714
9.0 9.0 50 43 347.4 1?2 aand
-10.0 10.0 50 43 347.4 €12.0
~13.0
- ——— — —— -
11.0 11.0 8 140
-12.0 12.0 o - — g 15.0
13.0 13.0 i 160
- : 2170
-14.0 14.0 0180
19.0
-18.0 15.0 20.0
-16.0 16.0 21.0
22.0
17.0 17.0 230
-18.0 18.0 24.0
25,0
-18.0 19.0 26.0
200 20,0 270
28.0
210 21.0 200
220 22.0 30.0
23,0 23.0 Note
-24.0 24,0 SA: Rock or other rock-Iik geclogical formation
2250 25.0 SB: Deposits of very dense sand, gravel, or very
stiff clay, af least several tens of metres in
-26.0 26.0 - - - thickness
270 27.0 SC: Deep deposits of dense or medium dense
sand, gravel or sfiff clay with thickness from
-28.0 280 several tens to many hundreds of metres
-29.0 29.0 SD: Deposits of loose-to-medium cohesioniess soil
300 30.0 {with or without some soft cohesive layers
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Laboratory Test Results

Grain Size Analysis of Scil Sample

Project Name: Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36463, 91.78171)

Date of Boring: 15-May-2023 Borehole No : BH-02-4
Sample Type Disturbed Depth (m}: 3

Grain Size Analysis

Particle )

100 prprrr ‘ T ‘ T : 9

RN LN Bl T size (mm)| T Ner
90 il : \I : 1 ] i

N & X : ;

— | : 4.750 100.000
80 |7 T 38 2.380 100.000
70 l ‘ \ i ‘ é | 1.190 100.000

| NEAY T ' 0.600 98,466
60 s T T . 0.300 73.885

gSO ' ‘ R \; g X AR - 0.150 30,040

= i ; ; X i ” 7 0.075 5.497
40 bt i : ‘ .

* N N \ il ; ! 0.000 0.000
30 fH : \—HH 0.000 0.000
oo [ f \ T 0.000 0.000

IS L] 0.000 0.000

10 : 3 : H . : 0.000 0.000

o LT HEE ! I T 0.000 0.000

. ) 0.000 0.000

10 L Paticle Size () 01 0-001 0.000 0.000

Soill Type Unit Value Remarks
Sand % 94,50
Coarse Sand % 0.00
Medium Sand % 0.00 .
S 7 54.50 Ref: ASTM D2487-11

Fines % 550

Silt % 5,50

Clay % 0.00 Ref ASTM D422

Deo %o 0.200
Das % 0,150
Dio % 0.090 Ref: ASTM D2487-11
Cy % 2222
Ce % 1.250
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Laboratory Test Results

Grain Size Analysis of Scil Sample

Project Narne:

Chittagong WASH Improvement Project

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36463, ¢1.78171)
Date of Boring: 15-May-2023 Borehole No ; BH-02-4
Sample Type Disturbed Depth {m}): 8
Graln Size Analysis
‘ Particle .
0 . — 0,
100 T % ] Size {mm) % Finer
90 |- ‘
R : \ ; 4.750 100.000
80 HIRARA 2.380 100.000
70 | Ty 1,190 100,000
; AR 1 0600 | 08.066
60 s \ | 0.300 89.227
’gso 1N TN \‘ B 0.150 36.188
£, I T \ i 0.075 8.011
® i ] : E | \ i 0,000 0.000
30 [ SR \ = 0,000 0.000
0 ! ] 0.000 0,000
oy SN | 0.000 0.000
10 e - i 0.000 0.000
o LT B a AN 0.000 0.000
] ; ; 0.000 0.000
10 L Pacticle Size (i) 0.01 0.001 0.000 0.000
Soeil Type Unit Value Remarks
Sand % 91.99
Coarse Sand % 0.00
Medium Sand % 0.00 '
Eine Sandl % 5130 Ref: ASTM D2487-11
Fines % 8.01
Silt % 8.01
Clay % 0.00 Ref. ASTM D422
Deo % 0.200
Day % 0.155
Dig % 0.078 Ref: ASTM D2487-11
Cy % 2.564
C. % 1.540
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Laboratory Test Resuits

Direct Shear Test (Quick} of Scil Sample

Project Name:

Chittagong WASH Improvement Project

Page 12

Location: Dhaka Trunk Road, Alongkar, Chattogram (22.36463, 81.78171)
Date of Boring: 15-May-2023 Borehole No: BH-02-4
Sample Type Disturbed Depth: 6
70 y T i T 7
i i ! 1
g ; : Normal | Shear Stress
60 e - + S Stress (kPa) (kPa)
i !
50 oo S S - 24.70 22.19
! i
ré i E !
> 40 o I e 49.40 39.83
) @
2 30 - SR < G s s 72.20 51.21
= | 5 %
“ | @ 3 i § %
y 20 - s Ittt & T - - 98.80 62.02
b z é :
10 - :z . o o _ % - E L
| i :
[ s : :
0 - i ! H i
20 40 60 80 100 120
Normal Stress (KN /m2)
Cohesion, ¢ {kPa) 0.0
Angle of Internal Friction, ® (Degree) 34.9







