STUDY ON THE BEARING CAPACITY OF
PILE FOUNDATION IN KHULNA SOIL

MD. ARMAN HOSSAIN

Department of Civil Engineering
Khulna University of Engineering & Technology (KUET)
Khulna, Bangladesh

6 July 2014



STUDY ON THE BEARING CAPACITY OF
PILE FOUNDATION IN KHULNA SOIL.

A dissertation submitted to the Department of Civil Engineering, Khulna University
of Engineering & Technology (KUET), and Khulna in partial fulfillment of the
requirements for the Degree of

M.Sc. Engineering
By

Md. Arman Hossain

Department of Civil Engineering
Khulna University of Engineering & Technology (KUET)
Khulna, Bangladesh

I



Approval

This is to certify that the thesis work submitted by Md. Arman Hossain entitled
“Study on The Bearing Capacity of Pile Foundation in Khulna Soil’’ has been
approved by the board of examiners for the partial fulfillment of the requirements for
the degree of Master of Science in Civil Engineering from the department of Civil
Engineering, Khulna University of Engineering & Technology, Khulna, Bangladesh
in July 2014.

‘BOARD OF EXAMINERS

Chairman
Dr. Md. Abul Bashar (Supervisor)
Professor
Department of Civil Engineering
Khulna University of Engineering & Technology

S

Dr. Md. Saiful Islam

Professor & Head Member
Department of Civil Engineering

Khulna University of Engineering & Technology

pE—

Dr. Md. Keramat Ali Molla Member
Professor

Department of Civil Engineering

Khulna University of Engineering & Technology

Dr. Md. Rokonuzzaman Member
Associate Professor

Department of Civil Engineering

Khulna Uniyersity of Engineering & Technology

Mds Member
Professor (External)
Department of Civil Engineering

Dhaka University of Engineering & Technology

[



ABSTRACT

Khulna is situated at the southwest region of Bangladesh. Due to the variation of soil
profile in different areas, the city area is divided into two zones. Zone-I is situated at
the west side of Khulna city which includes the area of Daulatpur, Natun Rastar Mor,
Bastuhara, west part of Rayer Mahal, Chak Mathurabad, Khulna University area.
While Zone-II is situated at the east side of Khulna city which includes the area of
Khalishpur, east part of Rayer Mahal, Khulna Medical College area, Sonadanga, New
Market, Dakbangla, Borobazar, KCC office area, Baniakhamar, Gollamari, Tutpara,
Labanchura.

in zone-I the sub-soil consists of predominantly siit which 1s at greater depth than 125
ft. In most areas of this zone the sub-soil is of very soft to soft consistency ranging N-
value from about 1 to 5 up to about 50 to 70 ft depth. From sub-soil investigation it
was not possible to find out the depth of sandy layer because boring was not
performed up to this depth. There exists an organic layer which is mainiy at depth 15ft
to 25 ft in most of the areas. In some places this organic layer exists from top of the
existing ground level. Most probably this area was filled up with dumping garbage
and organic sold wastes. In zone-II the sub-soil consists of predominantly silt up to
about 50 tt depth in most areas. 'The soil 1s of very soft to sott consistency ranging N-
value from 1 to 5. Below silt deposit, the soil contains mainly sandy soil. In this zone
there exists an organic layer from 10 ft to 20 ft depth in most of the areas of this zone.

To find out the suitability of any existing equation with the pile capacity from static
load test, ten pile load tests were performed in two zones of the city in which seven
load test in zone-I and three in zone-II. From load tests 9 piles did not show failure
point and their maximum settlements were about 16.87 mm. In this case allowable
pile capacities were determined from permissible settlement. Among all the equations,
only Mayerhof’s equation gave the pile capacity at maximum places which is near the
value of load test. Other equations gave much higher values than load test values. So
no suitable common equation was selected to compare with the pile capacity in both
the zones. However, in the south end of zone-I Meyerhof’s equation gave close value
to pile load test for the four sites in Khulna University area and Mayur Bridge.
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NOTATIONS

A= surtace area of pile

A, = area of pile tip

B = dia of pile

B,= width of pile point

C,= undrained shear strength

¢ = cohesion of the clay in the zone surrounding the pile tip
¢ = average cohesion along the shaft length

D, = critical depth

E; = stress-strain modulus (or modulus of elasticity)
Fw= weighting factor

fs = skin resistance

f,,= ultimate skin friction

SF = safety factor

G’=shear modulus

= rigidity index

I.. =reduced rigidity index

k, = coefficient of lateral earth pressure

k = co-efficient of lateral earth pressure for bored pile
L= length of pile

N = SPT value

N., Ng, Ny = bearing capacity

N’q = bearing capacity factor

N,'= Janbu’s bearing capacity factor

Q.= point (or base or tip) resistance of pile

Qs = shaft resistance developed by friction (or adhesion) between the soil and the pile
shaft.

qu= unconfined compressive strength

gpu = ultimate end bearing of pile

q'= effective vertical (or over burden) pressure at pile point.
S = shear strength

a = cohesion reduction factor

& — adhesion {acior

B = skin resistance factor

Y = unit weight of soil

y' = effective unit weight computed

d = effective friction angle between soil & pile material
AL= increment of embedment length

€,= volumetric strain

L= poisson’s ratio

o, = effective vertical pressure

o= vertical pressure or Stress

¢= angle of internal friction of sand
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CHAPTER
1

INTRODUCTION

1.1 General Remarks

Khulna is situated in the south-western part of Bangladesh near the world largest mangrove
forest Sundarban. The sub-soil of this region consists of fine grained soils with a
considerable part of decomposed and semi-decomposed organic matter (Rafizul et al. 20006).
In Khulna region, the soft soil deposit extends up to a considerable depth, as a result of
recent alluvial deposits with organic composition which creates problem to Geotechnical
Engimeers in designing economic foundation of any infrastruciure (Alamgir et al. 2001).

As soft soil stratum is of very large depth the shallow foundation is not possible for tall or
high rise building. In this case we are bound to consider deep foundation, mainly pile
foundation. The carrying capacity of pile may be deiermined by pile load test, but it is very
tough to determine the exact capacity as the soil in this zone is highly erratic and this non-
homogeneity defers zone to zone in the Khulna City area.

At the same it is possible to determine the carrying capacity of any pile from Bearing
capacity equations by knowing ihe soil properties, especially shear strength parameters of
the undisturbed sample collected from different depths of soil. But many researchers have
been established different equations for the same soil and the value is not same for all
formulae. In this study it is under consideration that which formula gives almost same or
adjacent resuit to the capacity of pile load test at the same location.

At present there are many more existing equations available for identification the carrying
capacity of pile foundation. Carrying capacity of pile depends on the properties of soil,
angle of mternal friction, cohesion or cohesion lees and SPT value of soil and shape size &
length of pile. A series of study have been done to compare with the soft soil is of large
depth the tall building is not possible at shallow depth. Load carrying capacity of pile
obtained from different existing equations & pile load test

1.2 Background of the study

There are many more existing equations are available to identify the carrying capacity of
pile. The existing equations like Meyerhof Equation for clay & sand (end bearing + skin
friction), Dr. K. R. Arora Equation (end bearing + skin friction), Hansen equation for end
bearing (clav& sand): Tomlinson eauation (@ method) for skin friction for clav & Burland
equation (3 method) for skin friction for sand, Vasic's equation for end bearing (clay&
sand); Tomlinson equation (& method) for skin friction for clay & Burland equation (B
method) for skin friction for sand, Janbu's equation for end bearing(clay& sand); Tomlinson

amuntinn (7t mathad)l far olrin Frictinn for alas fr Rurland amnatian (R mwathady far olrin
A s vasnc e ara AasAss AsAwesesas Asia  wae — - e
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friction for sand, Terzaghi equation for end bearing(clay& sand); Tomlinson equation (.
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have been used for identification of pile carrying capacity.

A soil profile has been drawn in Khulna city area from sub-soil mvestlgatlons in field &
ld.UUldI.Uly LCBL. ﬂbbUlUlllg (19 llli'.? bUll pPardiicier, l.llU Mlullld L.ll.y dalca [b Ul\-"lUCU lll LWO
zones. One zone contain fully predominantly silt & another zone contain predominantly silt
& fully sand.

In respect oI SOl parameter many more equations are availaple 1o Iind out the pearing
capacity of soil. For selection of a suitable equation for Khulna soil from many more
equations of pile design, sub-soil parameter, zoning profile of sub-soil in city area & the pile
caring capacity from load test need to be investigated.

1.3 Obiective

Sub soil condition of Khulna & its surrounding is not good. From sub-soil investigations,
there was looked little bearing capacity up to the remarkable depth. An organic layer is

nracant a" ovrar tha it araa Far In“r l-u:nnmnn rannrity nf ondl rnmahmac c-]-'\n"nu.l
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foundation is not economic in Khulna region.

The principal objectives of this research are to find out the most suitable equation for pile

Anmnnidrr AR T lhalan ansl
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1. To establish the proper soil profile in Khulna city corporation area.
ii. To find out the carrying capacity of pile foundation by pile load test at some selected
locations in Khuina city area.

sl o 1. a1 P ifs  Pioo.od s o s s by Eril o SO e o
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equations using the value of geotechnical parameters from soil profile.
iv. To select the best suitable equation for Khulna soil from comparative study between
load test data and carrying capacity from equations.

1.4 Statement of the Experimental Study

Soil test reports have been collected from CRTS, KUET. KDA & Khulna University &
prepared a general soil profile for different zone in Khulna city area. As per soil condition &
SPT value, as per zoning profile soil samples have been collected & performed direct Shear
test, unconfined compression test for determination of Shear parameters which will be
anolied to know the bearing canacitv of soil at different denths. Most of these tests have
been performed in Geotechnical Engineering laboratory of KUET and some tests have been
performed by private company through KDA, Khulna. To determine pile capacity of
Khulna soil, 10 (ten) pile load tests have been performed. During soil boring SPT-values
have heen anheerved at different denthe

The piles are designed by various equations accordinn to Meyerhof, Dr. K. R. Arora,
Hansen, Vasic's , Janbu's, Terzaghi, Tomlinson & Burland equation for identifying the

}\nonnn nar\ar‘ﬂw r\{' mhl n1lp Tan nne n‘F ﬂﬂ.c- lnad tact tact in he rcarried nnt The tact hac

been standardnzed as ASTM D 1143.



CHAPTER 2
LITERATURE REVIEW

2.1 General

No research work has been done till date for investigation the best suitable equation among
the varinne Pviqﬁng m‘:nmﬁnnc‘ which ie mnre accnirate for r\ilp dpeign nn Khnlna enil Far
construction of structures on poor ground in Khulna city area, in this research was tried to
develop an equation among the different equations of pile design. Considering the inherent
limitations on shallow foundation systems, deep foundation especially pile foundation has

lhaan nrantinad fram ](\ﬂﬁ f;ma nran In cramanaricnan tn ﬂl‘lﬂllﬂ“ 'pr\l ndatinne mila radncac f]-\a
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settlement effectively, the differential settlement and the bending moment proportionally
(Metsihafe Mekbib, 1999). Many types of foundation have been practiced under structure
for Khulna sub-soil.

Khulna is one of the fast growing cities in Bangladesh. It has a lot of business friendly
environment. The Mongla sea port, Benapole land port, Bhomra land port & Jessore air port
is also near from this city. Day by day population is increased in this city and
simultaneously industries & infrastructure is also increased. Big infrastructure in this city
such as bridge, embankment, industrial building, high rise building & power plant etc are
rapidly growing. Before design & construction of heavy structure sub-soil investigation for
foundation design is needed. The Sub-soil investigation companies are too limited here;
most of the sub-soil investigations have been done by CRTS, KUET. Khulna city & its
surrounding an organic layer is present in between natural ground level to 25 ft depth.

2.2 Sub- soil Condition in Khulna city area

Khulna is the fast growing city in the Bangladesh. A lot of heavy structure are constructing
in this city. Pile foundation is used for the heavy structure in this city area. To know the
sub-soil condition in Khulna city, total 129 numbers of sub-soil investigations were done in
field and laboratory, all over the city area. From sub-soil investigation in field & laboratory,
a soil characteristics profile has been made. It was seen from soil profile that Khulna is
divided in two zones. Zone-I contains fully predominantly silt from natural ground level to
125 ft depth. There is an organic layer and its thickness 5ft to 15 ft and the organic layer is
exists in between natural ground level to 25 ft depth. There is also present predominantly
sand layer below the 125 ft depth from ground level.

Zone-1I contains predominantly silt layer, fully sand and an organic layer. Predominantly
sand layer exists from natural ground level to 50 ft depth. Below 50 ft depth, sand layer is
started up to the 150 ft depth. An organic layer is available all over the area. Its thickness 5
ft to 15 ft and it is exists in between ground level and 25 ft depth.

(1) Predominantly silt layer.
(11)  Organic layer.
(111)  Sand layer.

(V5]
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quantity of clay & sand is too little in that case may call predominantly silt. The N-
value of this layer may varies between 5 to 8, unit weight is 7.1 kN/m’ to 7.2
KN/m?, spe(nﬁc gravity is 2.66 to 2.67 and cohesxon generally varies between
15 83 I\I‘lr!illl I.U 21 11 ;LI;!rl.ll . DUI]IUWLICIC UJ. l.ll.lb I.l:I.yCl ay LaUl.ll.GJ.l.l. bauu lJU'I..'J.\CI.

The top layer of Khulna soil contain predominantly silt. 10 % to 15 % Clay & sand
are exists in little quantity in silt in Khulna soil.

Black Organic Layer: It is very highly compressible layer. Generally this layer is
present all over the Khulna city. The N-value of this layer may vary between 2 to
3, the moisture content ot this layer 1s varied between 3U to 3UU% and specitic
gravity is 2.00 to 2.52.

Sand Layer: The N-value of sand layer may vary 10 to 70. And the moisture
content of this layer is varied between 10 to 15% and specific gravity is 2.66 to
2.68.
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2.3 Cast-ln-siu Flies

A cast-in-situ pile is formed by drlllmg a hole in the ground and filling it with concrete. The
llU.lC nay IJC L:.lli;cl.: Ul ].UllllCl..l U_y U.ll\"l.llg aucu i bdblll5 IHI.U UIU 5iUul!U TIJC Lfa:uug Hiay UC
driven using a mandrel, after which withdrawal of the mandrel empties the casing. The
casing may also be driven with a driving tip on the point, providing a shell that is ready for
ﬁllmg with concrete 1mmedlately, or the casmg may be driven upon-end the soil entrapped
lII lﬂt: bd.bll'lg UClﬂg _]Bllt:(.l out dllk.‘«l' LIIC Ul’l\f’lllb lb Lumplelcu T HC bummumy d.\-"d.lld.[]'le

patented cast-in-situ piles are shell (cased) shell less (uncased) & pedestal type.

Uncased plie  padestal pile Ghell type piles

(@ () () () (e) () (9) (h)

Fig-2.2. Some common types of cast-in-situ piles



2.4 The Behavior of a Pile Under Load

When a pile is subjected to a progressively increasing compressive load at a rapid or
moderately rapid rate of application, the resulting load-settlement curve is as shown in fig-
2.7. Initially the pile-soil system behaves elastically. There is a straight-line relationship up
to some point A on the curve and if the load is released at any stage up to this point the pile
head will rebound to its original level. When the load is increased beyond point A there is
yielding at, or close to, the pile-soil interface and slippage occurs until point B is reached,
when the maximum shaft friction on the pile shaft will have been mobilized. If the load is
released at this stage the pile head will rebound to point C, the amount of ‘permanent set’
being the distance OC. The movement required to mobilize the maximum shaft friction is
quite small and is only of the order of 3% to 1% of the pile diameter. The base resistance of
the pile requires a greater downward movement for its full mobilization, and the amount of
movement depends on the diameter of pile. It may be in the range of 10% to 20% of the
base diameter. When the stage of full mobilization of the base resistance is reached (point D
in fig2.2) the pile plunger downward without any further increase of load or small increase
in load produce increasingly large settlements.

Load
O === D ' »‘
| Ea
C A % Unloading
f el B
i 4
g| Reloading — E
o g
£
-4
2
0|
: D
| 9
|
i
|
|
|
Fig-2.3 Load settlement curve
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The following criteria have been recommended to determine the allowable pile capacity
hv Naravan V Navak (1979 100A)

1) The working load shall be considered minimum two-thirds of the load causing
total settlement of 3 percent of pile diameter.
i!} Tl‘\ﬂl \'ll'nf‘r"'\l"l' ]n.-"-] r.-hr.\" l‘\.ﬂ r\-nno:r‘nrnr‘ mlﬂlmnm 1-\:;{\ fl‘nrﬂc nF +|-\n lnor‘i r\onotﬂg a

net settlement of 1.5 percent of pile diameter.
1)  The working load shall be considered minimum two-fifth of the final load, in case
of piles subjected to static loadings and one-third of the final load.

The allowable pile capacity should be considered minimum value among the loads
obtained from the above three criteria.

=
QL
£
P
= 5
w Ultimate Load
‘ capacity
Fig-2.4 Load - Settlement Curve from Pile load Test
g Load
£
'.;"0. \ \ 1 Mtimate [ .nad r‘Rl’\ﬂf"lh nat well
% R i dcﬁncd
Fig-2.5 Load - Settlement Curve from Pile Load Test
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2.0 Dillerent £Xisilng Cqudlion 1or Delerminaion Ol pedring
Capacity of Pile Which is Used for Determination of Bearing
Capacity of Pile for Khulna soil

For soil under cohesive group i.e., for clay & plastic silt, the skin friction & the end bearing
capacities of square or circular pile may be evaluated by the following general formulae.

fa=aCy
qpu: Nc Cu
Where. f,= Ultimate skin friction
a= Adhesion factor (table given below)
Cy=(u Undrained Shear Strength
gpu= Ultimate end bearing of pile
INg= Bearing capacity 1actor Tor aeep rounaatuon=y
o = Adhesion factor for cohesive soil (Table 2.1)

The adhesion factor is determined from the corresponding unconfined compressive strength
based on the Yeck, Hanson & Ihornburn (19 /3) and are given below

Table 2.1 Adhesion factor a for cohesive soil

QutsHh | % | Quash | % | QusH | ¢ | Qutsh | @
0.1 0.99 0.6 0.943 1.1 0.80 1.6 0.657
0.2 0.986 0.7 0.92 1.2 0.78 17 0.62
0.3 0.98 0.8 0.89 1.3 0.75 1.8 0.565
0.4 0.97 0.9 0.87 1.4 0.72 1.9 0.535
0.5 0.957 1.0 0.836 1.5 0.674 2.0 0.550




2.6.1 Meyerhof Suggested the Formulae for End bearing & Skin
friction of Bored Pile in Non-Cohesive Soil:

For non-cohesive soil of silt, fine to medium sand the skin friction and the end bearing
capacities of pile may be evaluated by the following formulae, suggested by Meyerhof
(1956, 1976)

fo= 4N/200 tsf

Qpu= 4N tsf

Whel"e, fsu: SkJI] f]'lCﬁOI‘l
fpu  corssmivimiesesfy e pras
N = SPT value

Tr T A

2.0.2 D1 K.R. Arvla Suggesiod e TUlluidae [l Sud Dol g
& Skin friction of Bored Piles in Non-cohesive soil:

The load canacitv of hored niles can he determined hv the following formulae sngeested by

Dr. K.R. Arora

Qu=Qpt Qs
N — 0 ~NT YA
NP U Ay ep

Qs=2ii(k ovtand) A,
Q= (@ NpAH X (k oytan ) A,
Q.= QW/F.S

E\FDC y kN/m?2
D.= B *(value obtained from (P vs D./B from Fig: 5.13)

Where, ©y= etlective vertical pressure < y Dc(trom soil test report)
k= lateral earth pressure co-efficient for bored pile
An approximate value of k can be obtained from k=1 — sin @
The value of k generally varies between 0.3 to 0.75. An average value of 0.5 is
usually adopted.

tan 6 = Co-efficient of friction between sand & concrete
The value of tan 8 can be taken equal to tan @ (from soil test report)

A= Surface area of pile.

A= Area of pile tip.

Q= Point (or base or tip) resistance of pile

Qs= Shaft resistance developed by friction (or adhesion) between the soil and the
pile shaft.

q= effective vertical pressure at the pile toe

N= Bearing capacity factor for deep foundations. ( Fig: 2.7)

FS=2.5

10
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@= angle of internal friction of sand (from below mentioned N- (P table)
D= Critical depth (Fig: 2.6)

Table 2.2 Correlation among N-value, D, ¢ and y (Bowles 1997)

| N value | Compactness | Relative l ¢ (esicd) | RS Vit
oDensuy, D weight (pcf) weight
/o (KN/m®)
1-2 Very Loose 0-15 26-28 70-100 11-16
3-6 Loose 15-35 28-30 90-115 14-18
7-15 Medium 35-65 30-34 110-130 17-20
16-30 Dense 65-85 33-38 110-140 17-22
>30 Very Dense >85 >50 130-150 20-23
" EEE——
20 - m.."..
is
m
2
10
5 e — - S S—
0 —— o S— ——
25 30 35 40 45
¢0
Fig. 2.6  Relation between Critical Depth & Angle of Internal Friction
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2.6.3 Dr. K.R. Arora Suggested the Formulae for End bearing
& dKin friction ot Bored Fiies in Cohesive Soll:

The load capacity of bored piles can be determined by the following formulae, suggested by
Dr. K.R. Arora

Qu= (¢ Ny A+ © A) kN
Q.= QuF.S

Tar -~ A ALl L
yvijcie, v~ 4 AAALIAMAIERSEL LR

o« = 0.3 for wash boring

The value of cohesion (c) should be 75% of the value obtained from the triaxial test.
N.= Bearing capacity factor for deep foundations.

THE value 01 e N EPEnds upon e /D 14U0 dand 1L varies o1 0 w 9. A valug of
N.=9 is generally used for the piles.

¢= cohesion of the clay in the zone surrounding the pile tip. kN/m?

c=qy/2

(u= Unconiined compressive srengin ( 1aie £.3)

c= Average cohesion along the shaft length kN/m?

A= Surface area of pile.

A= Area of pile tip.

ES=2.5

12



Table 2.3 Value of Unconfined compressive strength based on N value for cohesive

soils
» Unconfined compressive
N-value Condition strength o, (Es A
Below 2 Very soft Below 0.25
2-4 Soft 0.25-0.50
4-8 Medium stiff 0.50-1.00
512 duIr 1.UU-2.UU
15-30 Very stiff 2.00-4.00
Over 30 Hard Over 4.00

2.6.4 Hansen’s suggested the Formulae for End bearing of
Bored Piles in Cohesive or Cohesion less Soil:

Ppi= Ap(CNedet 1 G Ngdgt =y'BpNy)

A, cN. d.= for Cohesive soil (clay)

Ap(m q"Nydgt éy’BpNyF for Cohesio less soil (sand)

C— GULISSIULL UL LT Clay USHEaLl pLle pultiL. Kivur

c= qu/2

=8,

N= bearing capacity factor for cohesion. A value of N, =9 is generally used for the
piies.

d= 1+ 0.4 tan” L/B and when ¢=0; c=sy; N;'=9

n=1.0

q =YL = effective vertical (or over burden) pressure at pile point.
Ng= bearing capacity factor (Table: 2.4)

dq= 1+2 tan ¢p(1-sin¢)?tan"'L/B

y'=unit weight of soil kN/m’

B.= width of pile point

Ny= bearing capacity factor (Table: 2.4)

L= length of pile

B= dia of pile

Table 2.4 Bearing capacity factors for the Meyerhof, Hansen, and Vesic bearing
capacity equations

b Ny Ny 2 tandp(1-sing)?
26 11.8 7.9 0.308
28 14.7 10.9 0.299
30 184 15.1 0.289
32 232 20.8 0.276
24 70 4 %7 N 747
36 37.7 40 0.247
38 489 56.1 0.231
40 64.1 79.4 0.214

13



2.0.> 1omiinson proposed (1Y71) o Iviethod Tor SKin friction of
Bored Piles in Cohesive Soil:

hal

Skin resistance= ZAS fs
1

As = effective pile surface computed as perimeter X embedment increment AL

AL= increment of embedment length (to allow for soil stratification and variable pile shaft
perimeters in the embedment length L)
fs= skin resistance to be computed using the methods a

fs= act+q Ktand

Above eauation is not much used in this general form but rather simplv as
fs= ac or asu

a= coefficient (Fig.2.8)

c= average cohesion for the soil stratum of interest

n = effective avera oe vertical etreqs

k= coefficient of lateral earth pressure ranging from koto about 1.75

K= (KatFwKotKp)/ (2+Fw)

d=effective friction angle between soil & pile material

a-facter
o
00

0.4 L - -
0 50 100 150 200 250 300 350 400
Su (kPa)
F‘ig-’) R Relaﬁnnt:hip factor hetween adhesion factor a0 and nndrained chear
strength S,



2.6.6  Burland proposed p Method for Skin friction of Bored Piles
in Cohesion less Soil:

DNy and

Taking =k tand we can rewrite the equation for skin resistance as
fs=Bq_

Since q = effective overburden pressure than

Is= p(q +qs)

Ka+Fw Ko+Kp

N
Y —ywiL—YL—u
Py~ plLq Ktand
K= coefficient of lateral earth pressure
Fy= weighting factor
q = ettective overburden pressure
c= average cohesion

(from Table 2.5& 2.6)

Table 2.5 Ranking active earth pressure coefficient K,
‘B’®=26|28 30 32 34‘36|38)40‘42‘

‘ 0 ‘ 0.3905 | 0.3610 l 0.3333 ‘ 0.3073 ‘ 0.2827 } 0.2596 | 0.2379 ’ 0.2174 ‘ 0.1982 ‘

Table 2.6 ~ Ranking passive earth pressure coefficient Kp
[ | [

I | I |
B (=26 28 30 32 34 36 33 40 42

0 | 25611 | 2.7698 | 3.000 | 3.2546 | 3.5371 | 3.8518 | 4.2037 | 4.5989 | 5.0447

2.6.7 Vesic’s Method for End bearing of Bored Piles in Cohesive
or Cohesion less Soil:

Ppu= Ap (€Nc det 1 q"Nq'dg+ Jy'BpNy)

y 3 n 0. D 1.33 sin@
N'q = ;——{exp [(5-0) tan@] tan* (45°+)Irr i¥sino }
Irr = —0—

1+evir
¢ G

T ria'tan® <

15



Es
2(1+w)

P

1-2u o1
Z(1—H) u

ar

I=Reduced rigidity index

1= Rigidity index (Table: 2.7)
€~ Volumetric strain, when undrained soil conditions exist or the soil 1s 1n a dense
state. €,=0.0

N'q = Bearing capacity factor

G’=Shear modulus

Es= Stress-strain modulus (or modulus of elasticity)
p=Poisson’s ratio

S= Shear strength

o=Vertical pressure or Stress

Table 2.7 Ir value for different type of soil

Soil Ir
Sand(D=0.5-0.8) 75-150
Silt 50-75
| Clay 150-250

WLLIL/WL D LV AWLLIW/AWE AW/ SN WAL lll& A ASVL WLl L Ll L1 WUV Y W UL

Cohesion less Soil :

P = A (eN. d,—l-n a Nn'dn+ ——V'R N 3

Ach dc— for Coheswe soil (clay)
Ap(m q"Ngdgt y ‘BpNy)= for Cohesio less soil (sand)

1\¥a’—(‘rnnrh-l— :‘1 4 i’anzdw\znvn!“)llli-anrh\

o= cohcsmn of the clay beneath pile pomt kN/m*
c= qQu/2
C=Sy

AN — hanrinag aannniter Fantne Fav anhaninn A vialia AaF AT —0 10 camarallor svnad fase dhoa

N wotsinr stmentize fockon fomaohantoey B yobeoat U dnonmnealler srmad Somdle
piles.

d= 1+ 0.4 tan"' L/B and when $=0; c=s,; N/’=

n—1.0

Y =YL = eliective verLitdi (U1 UVET DUTUEI) PIEsSUle di piie puilit.
N4'= Janbu’s bearing capacity factor

dg= 1+2 tan ¢p(1-sin¢)?tan"1L/B

y'=unit weight of soil kN/m’

B,= width of pile point

Ny= bearing capacity factor

L= length of pile

B= dia of pile

¥Y=60°

16



2.6.9 Terzaghi’s Method for End bearing of Bored Piles in

Cohesive or Cohesion less Soil

Ppu= Ap (CNe St q NG + JYBNysy)

aZ

a 0052(45+%)

Ny

a=e(0.75n—¢/2)tan@)

N¢= (Ng-1)cot®

- tan® Kpy
NY ( 2 cos’Q 1)

Sc, Sy, from Table 2.8
Ka= from Table 2.9
Kp= from Table 2.10

Table 2.8 S Sy, factor

Strip Round Square
Se 1.0 1.3 1.3
S | 10 | 06 08
Tahle 7 Q Ranking active earth nreccure coefficient Ka

B $=26 28 30 32 34 36 38 40 42
0 0.309 | 0.3610 | 0.3333 | 0.3073 | 0.2827 | 0.2596 | 0.2379 | 0.2174 | 0.1982
10 0:4134 0:3302 0:3495 0:32 10 0:2944 0:2696 0:2464 0i2247 0:2044
15 |0.4480 | 0.4086 | 0.3729 | 0.3405 | 0.3108 | 0.2834 | 0.2581 | 0.2346 | 0.2129
20 | 0.5152 | 0.4605 | 0.4142 | 0.3739 | 0.3381 | 0.3060 | 0.2769 | 0.2504 | 0.2262
25 [ U.6YYY [ UD/21 | U.49530 | U.4330 | U384/ | 0.3431 | U.3U/U | U.Z/5U | U.240D
30 0.8660 | 0.5741 | 0.4776 | 0.4105 | 0.3582 | 0.3151 | 0.2784
35 0.5971 | 0.4677 | 0.3906 | 0.3340
40 0.7660 | 0.4668

17




Table 2.10 Ranking active earth pressure coefficient Kp

B $=26 28 30 32 34 36 38 40 42

0 2.5611 [2.7698 | 3.00 |3.2546 | 3.5371 | 3.8518 | 4.2037 | 4.5989 | 5.0447

5 2.5070 | 2.7145 | 2.9431 | 3.1957 | 3.4757 | 3.7875 | 4.1360 | 4.5272 | 4.9684

10 | 2.3463 [ 2.5507 | 2.7748 | 3.0216 | 3.2946 | 3.5980 | 3.9365 | 4.3161 | 4.7437

15 [2.0826 | 2.2836 | 2.5017 | 2.7401 | 3.0024 | 3.2926 | 3.6154 | 3.9766 | 4.3827

20 117141 110176 | 271312 1 23618 1 2 4116 D ARET 1 R 1298 | 2394 | 30044

25 [ 1.1736 | 1.4343 | 1.6641 | 1.8942 | 2.1352 | 2.3938 | 2.6758 | 2.9867 | 3.3328

30 0.8660 | 1.3064 | 1.5705 | 1.8269 | 2.0937 | 2.3802 | 2.6940

35 1.1239 | 1.4347 | 1.7177 | 2.0088

ALY [ P ot et 1 ArEAn
ik [ l | l | l | V-1UUV | L.2J1V |
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CHAFIEK 3
ZONING OF KCC AREA

3.1 General

The jurisdiction area of KCC is 40.79 sqkm and the ward number is 33. KCC is bounded by
Digholia Upazila and Khanjahan ali thana on the North, Batiaghata upazila on the South,
Rupsha and Digholia upazila on the East and Dumuria upazila on the West as shown in

lgue o1,

From sub-soil investigation profile, it has been found that Khulna city area is divided in two
zones Zone-1 & Zone-II as shown in Figure 3. Near about 129 numbers of sub-soil
IMVESUZALONS WETE Perionmed In Knuina Cily ared.  ACCording Lo soll Lypes, a common Soil
profile of Khulna city area was drawn as shown in Figure 3.3.

Phultala

Baliaghata

Fig-3.1 Khulna City Area Map |
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Fig-3.2 Location of Zone-1 & Zone-II
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5.2 Suv-suil Condition i Zone-1

From sub-soil investigation Zone-I includes the places Daulatpur, Natun Rasta, Bastuhara,
Raver Mahal (Chalk Mathurahad & Khulna T Tnivercitv area (cpe fionre 3 ) The enil prnﬁlp

is made for Zone —I from west part of Khulna city to East part of Khulna city i.e Daulatpur
to Baniakhamar.

Phultala

2°N METROPOLITAN AREA
: : | SOS Sisl
- b —
i Kilometer

Fig-3.4 Location Map of Zone-I
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3.5). The soil characteristics in Daulatpur were shown that there is no any sand layer up to
the 125 ft depth from natural ground level. The soil contains clayey silt & some ponion
sandy silt. Percentage of sand & clay is near about 10% to 15%. So the sub-soil in
uat.ual.pt.u .ll_la)’ UC umamucu ad }J.ICUU.I.lLllla.LI.I.ly bllt 1aycl \DUC 115!.!15 3 3} TIIUIC CAIBLD dall
organic layer but it is not available on the whole area of Daulatpur. The layer thickness is 10
ft and it is situated in between 15 ft to 25 ft depth. Some portions of this area contain a 10 ft

to 15 fi thick fully sand layer.

In Rayermohal the sub-soil contains predominantly silt up to the depth of 130 ft from
natural ground layer (see figure 3.5). There is exists a thick sand layer in between 40 ft
depth to 100ft dept but it is not available in whole area of Rayermohal. From Bastuhara to
(azir bhita a thick sand layer depth ZU It t0 3U It 1S exXIStS In between 4 1t to /U It depth.
Some area on Rayermahal contains a thick layer of sand in sub-soil, depth 25 ft to 35 ft and
it is exists in between 55 ft to 100 ft depth. There is present some clay & sand in silt but the
percentage of clay & sand too little i.e not more than 20%. So it may called predominantly
silt. Organic layer 1s also present all over the whole area and the layer thickness 1s 5 1t to 25
ft. The organic layer is present from in between natural ground level to 25 ft depth.

Rayarmahal, Bayra
=z |s g |2_|g £ s |s =z g |a |a |= |2 |2 |2 _|E |B |B |B
& 18, 3 %5 g_m*n. 2 E: - il win i . o B .
N e B T B B R R A R R
8 ECE R E R L Ut el el il
[} 0 &6 | 000|000 ]| 0] o0 0| 0 0 [ © @ | 6 | 0 | b | OB @ 0| 0| DD
5
10
15
20
25
30
35
40
43
50 (=
55 e
(1] ;&
63 5 :
70 e
75 =
an B s |
85 i 1305
90 .
95 2
100 [is ]
105
110
118
120
123
130
135
140
145
150
° Organic
:’.? Predominating Silt
~ | SiltySand/Sand
Fig-3.5 Sub-soil Profile towards Rayer Mohal from Daulatpur
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existing ground level to 125 ft depth (see figure 3.6) and Zone-II contain up to the depth 50
ft from natural ground level is prcdominantly silt than started sand layer. There is exists all
over the whole area a thick orgamc layer thickness 5 ft to 10 ft. And the organic layer

bld.l I.UU llU!ll J I.l UC}JL!I. Ul. I.lﬂ-tul.i;u slULIIJ.LI ld.j’UJ.
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Fig-3.6 Sub-soil Profile of Mozgunni, Boyra
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layer of this area contains fully predominating silt up to the depth of 120 ft from natural
ground level (see figure 3.7). There is exists a fully sand layer below the depth 120 ft from
ground level. Also a thick organic layer is available in between natural ground level to 25 ft
dopiit. All UVEL LIS aita WIS HHUALICSS UL ULZaliL 1aycl 1> UL Salue.
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Fig-3.7 Sub-soil Profile of Khulna University & Surrounding
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3.3 Sup-s0il CONUILIon 11 Zone-1i

According to sub-soil investigation report the Zone-II is touched the places, Khalishpur,
Raver Mahal Khnina medical colleoe Rnnndnnga_ Raniakhamar Tontnara & T nhan chara
area (see figure 3.8). The soil profile is made for Zone —II from North-West part of Khulna
city to South part of Khulna city i.e Khalishpur to Lobonchora. In this zone sub-soil layer
contain predominantly silt from natural ground level 50 ft depth. Below the 50 ft depth from
natural araund level the eail concicte of mainly cand. All aver thic region a laver of oraanic

clav exists in between natural eround to 25 ft deoth (see figure 3.9).

Phuitala

Fig-3.8 Location Map of Zone-II
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(see figure 3.8). The soil characteristics in Khalishpur were seen that there is exists
predominantly silt & fully sand layer. Predominantly silt is exists in various layer. In some
places predommantly silt started from natural ground level & some places sand layer started
LI.Ulll. ua.u.um yuuuu J.CVCI Thc bJ.J.I. 1a_ycn DI.GII.CU. U.Ulll 5UUIII.I ;.CVUI w SG fl. \iUlJII.I.I 111 dULC
portions the sand layer started from ground level to 70 ft depth. There were seen in sub-soil
stratification a thick organic layer is present. Organic layer is not present all over the area.
At those places where this layer is present, it exists in between 10 ft to 25 ft and the

UIICKNESS O 1L 10 1U IL

In Khulna Medical college area the predominantly siit 1s started trom natural ground level to
the 150 ft depth (see figure 3.9). There exists a thick layer of fully sand. The thickness of
sand layer is variable. It is started from 5 ft to 20 ft thick. This layer is exists in between 35
ft to 60 ft depth from existing ground level. Also an organic layer is present all over this
area. 'I'he thickness of organic layer 1s variable. I'hickness started trom 5 it up to 15 ft. And
the organic layer is exists in between 15 ft to 35 ft depth.
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Fig-3.9 Sub-soil Profile of Khalishpur & Khulna Medical College
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charecterisics profile made (see in figure 3.10) . The sub-soil contain in this area
Predominantly silt layer, Sand layer and an Organic layer. Predominantly sand layer was
found from natural ground level to 60 ft depth. Sand started from the 30 ft depth to 130 ft.
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sonadanga & Baniakhamar area is 5 ft. And the layer is exists in between natural ground
level to 15 ft depth.
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Fig-3.10 Sub-soil Profile of Sonadanga & Baniakhamar
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figure 3.11). Predominantly sand layer started from existing ground level to 70 ft. A sand
layer is exists from 30 ft depth to 80 ft depth. Thickness of predominantly silt layer is
average 40 and the thickness of sand layer is about 50 ft. An organic layer which thickness
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River. Sub-soil investigation was done in this area and made the sub-soil profile (see figure
3.12). In this region the soil condition is good. Predominantly silt layer started from natural

ground level and its depth average is 50 ft depth. Sand layer started from 30 ft to 90 ft.
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CHAPITEK 4
FIELD TEST FOR PILE CAPACITY

A1 Qenaral

W LA WA WA

In Khulna city area from sub-soil investigations, according to soil characteristics the area is
divided in twn 7zonee The 7onec are 7Zone-1 & Zaone-TT 7(ceven) nuimhers of citn nile are
casted in Zone-I and 3 (three) numbers of situ piles area casted in Zone-II. Total 10 (ten)
numbers of pile load test were performed in Khulna city. 7 (seven) numbers of load test
were done in Zone-I and 3 (three) numbers load test were done in Zone-II.

Phultala

N

|

"

Fig-4.1 Pile Load test points In Zone-I & Zone-1I
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4.2 Static Pile Load Test

Static Pile Load Test is one of the most common methods to determine the actual in-situ

ranaritu nf a nile
1 o L

The test program involves the direct measurement of pile head displacement in response to
a physically applied load. The test pile was loaded using a calibrated hydraulic jack that

nrnlian tha tact land +a tha mila her smochina aoninot o lhanss v\‘ﬂr’-ﬂ{‘l Aivantlir Arrar tha tact mila
MM AARL AAW ML AL A bAAS AAS A ] S heLiaAdAAln AMAIoAALL L SE AW ANASE SRR W weAA W J ot wa sasw sms peass.

The test beam was restrained by an anchorage system consmtmg of reaction piles installed
in the adjacent ground to provide tension resistance (see diagram). From load test frame the
hydraullc jack applied the test load in a series of increments according to the testmg

............ da: Fiiall Towdcoovn Lol Luwin wonaild st biind wae svsagd pelialoce conad T cclile a2 alo <
JU\-‘HLI WALIWVEILD . A UWIL LWL VYLD LIV AWV L l.)l CLAVLVL LI GVl WL LAY LR WLV L VY LAWY Ll

design load or pile failure is reached, whichever comes first. Pile movement is recorded
with each incremental load and the results are typically presented in a graphical format.
Fiicb ;IGVC ;JCCII I-..C»‘.'JI'.UL; I‘Ul bUlllplebl.Ull. By PIU\-’J'LI;Hg auiuai \,apab[iy am.i L;CﬁCbi.iUll va;uca,
the test results has been used to confirm that the pile design load can be adequately
supported. Depending on the test pile’s performance, the results may also allow for project
cost savings by permitting an increase in the pile design load, a reduction in the overall pile
lengin, and d (UANUICalon 01 Capacity in diflicuit O unknown soli conditons.

4.2.1 Brief of Static Pile Load Test

Procedures for conducting axial compressive load tests on piles are presented in ASTM D
1143 — Standard Test Method for Piles under Axial Compressive Load.

The pile load test can take a considerable amount of time and effort to properly set-up.

The location of the pile load tests should be at the most critical area of the site, such as
where the bearing stratum is deepest or weakest. The first step involves driving or installing
the pile to the desired depth. The next step is to install the anchor piles, which are used to
hold the reaction frame in place and provide resistance to the load applied to the test piles.

The most common type of pile load test to determine its vertical load capacity is the simple
compression load test. A schematic set-up for this test is shown in Fig. 4.2 to 4.4 and
includes the test pile, test beam, hydraulic jack, load cell, and dial gauges. Figure 4.3 to 4.4
shows an actual load test where the reaction frame has been installed on top of the anchor
piles and the hydraulic loading jack is in place. A load cell is used to measure the force
applied to the top of the pile. Dial gauges, such as shown in Fig.3.8 & 3.9, are used to
record the vertical displacement of the piles during testing. As the load is applied to the pile,
the deformation behavior of the pile is measured. The pile is often subjected to a vertical
load that is at least two times the design value.

In most cases, the objective is not to break the pile or load the pile until a bearing capacity
failure occurs, but rather to confirm that the design end-bearing parameters used for the
design of the piles are adequate. The advantage of this type of approach is that the piles that
are load-tested can be left in-place and used as part of the foundation. Figure 3.10 presents
the actual load test data for the pile load test shown.



STEEL PLATE

Fig-4.3 Static Pile Load Test
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Fig-4.4 Static Pile Load Test

Fig-4.5 Hydraulic jack & dial gauge
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4.2.2 Caring Capacity of Cast-in-situ Pile from Static Pile load Test

To find out the carrymg capa(:lty of Cas-m-srty plle 10 (ten) numbers of static plle load test
WCI1C uUIIC aL VtulUl..lb lJldLrC lll J.\uuum blt_y lllt.'. PldbU-‘J aLc Ddbl.ullcud. ul UUI.WGCII Ddblulld.la
& Rayer mohal, Rayer Mohal, Chak mathurabad, Khulna Medical college, Sonadanga R/A,
Khulna Medical college campass and at Lobonchora. From load-settlement curve the
ultimate capacity of pile cannot be obtained because most of the piles practically were not

peen Talied 1n Swatc 10ad 1est. 1ne appllea 10aa was zuu”o o1 aemgn 10ad.
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4.5 Flic Luad Test on a Flie ai Dasiuliard Bridge

A pile load test was done on a pile at Bastuhara Bridge. After completion of static pile load
tact the ‘Fn”nwing lnad verene ornes cettlement cnrve ie chnuwm in Fig 4 A and the Tnad

versus net settlement curve is shown in Fig. 4.8. The situ pile diameter was 750 mm &
length was 30.60 m. The Test load was 982.42 kN. After completion the load test the max
settlement was found 8.704 mm and the net settlement was 7.0lmm. The pile was not failed

far or\p]t.nt'l QR A7 N laad Fram T nad vrarenie Nat cattlamant r"nrwﬂ’ in recnant af A mm nat
e e LA A L e bocll S Bttt et PG R ol el L B T LL G LA B o B L AL L LA B0 L3

settlement. we found the ultimate load is 980 kN
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Fig-4.7 Load versus Gross Settlement Curve of a Pile at Bastuhara Bridge
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Fig-4.8 Load versus Net Settlement Curve of a Pile at Bastuhara Bridge
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Flie Ludd TESL Ol 4 FLIE dl d LOCALION 111 Delween Dasiulldrd

and Rayer Mahol Area

:F..
$n

A pIT luau 1S3t Was UULIC Ul @ pIiIE al a luvalul i1 USiweell Dastuliata aud Rayct iviail
area. After completion of static pile load test the following load versus gross settlement
curve is shown in Fig. 4.9 and the Load versus net settlement curve is shown in Fig. 4.10.
The situ pile diameter was 750 mm & length was 30.10 m. The Test load was 982.442 kN.
AILET COMPIELON LNE 10ad st e MdX sewiement was found .99 min and (e net seuiement
was 7.401lmm. The pile was not failed for applied 982.42 kN load. From Load versus Net
settlement Curve, in respect of 6 mm net settlement, the result is obtained 950 kN Ultimate
load and 633.33 kN.
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Fig-4.9 Load - Settlement Curve of a Pile at a location in between Bastuhara
and Rayer Mahol area
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Fig-4.10  Load versus Net Settlement Curve of a pile at a location in between
Bastuhara and Rayer Mahol arca
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4.5 Flie Luad Test on a Flie dai Rayer Viahol Bridge

A pile load test was done on a pile at at Rayer Mahol Bridge. After completion of static pile
Inad tect the Fnlln\m'ng lnad verens ornee cettlement enrve ic chown in Fio 411 and the
Load versus net settlement curve is shown in Fig. 4.12. The situ pile diameter was 750 mm
& length was 30.60 m. The Test load was 982.442 kN. After completion the load test the
max settlement was found 16.87 mm and the net settlement was 10.575 mm. The pile was
not failad for annlied 0% 4490 LN laad Fram T aad vercuc Nat cattlament Curve in racnact

of 6 mm net settlement. the ultimate load is obtained as 830 kN. S
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- T Y T I L e

Gross Settlement {mm)

Fig-4.11 Load versus Gross Settlement Curve of a Pile at Rayermahol Bridge
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Fig-4.12  Load versus Net Settlement Curve of a Pile at Rayermahol Bridge
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4.0 Flie Load Tesion a Flie at vidyur River Bridge

A pile load test was done on a pile at Mayer River Bridge. After completion of static pile
lnad tect the Fn"n\mno lnad verene ornee eeftlement enrve ie chown in F‘10 4 10 The <itn
pile diameter was 1000 mm & length was 48 m. The Test load was 1962 kN. After
completion the load test the max settlement was found 5.76 mm and the net settlement was
3.13 mm. The pile was not failed under the applied load 1962 kN. The maximum settlement
wace too little and it wac halow the Amm From the fioure 4 10 it can he concluded that the

ultimate load is 1962 kN against the 5.76 mm settlement.
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Fip-4 13 1.0ad versus Gross Settlement Curve of a Pile at Mavur River Rridee
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4.7 ]."llt: L:Udu Teston d I’llC aL l\U L;lUIdJy Dl.lllUlllg

A pile load test was done on a pile at at KU Library Building After completion of static pile
lnad tect the lnad veranc grnge eattlement cnirve ie chawm in F‘10 4 14 and the T nad verenc
net settlement curve is shown in Fig. 4.15. The situ pile diameter was 500 mm & length was
27.44 m. The Test load was 882.90 kN. After completion the load test the max settlement
was found 13.23 mm and the net settlement was 8.35 mm. The pile was not failed under the
applied lnad 227 ON N[ Fram T oad veroue Nat cettloment Curve in racnact of A mm net

settlement. the ultimate load is 825 kN.
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Fig-4.15 Load versus Net Settlement Curve of a Pile at KU Library Building
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4.8 ruic LUdU Tesiond I'llc dl hNU 1V1dIC Dluut:[ll. ﬂdll

A pile load test was done on a pile at KU Male Student hall. After completion of static pile
Inad tect the Fn“nwing load verane orncs cettlement cnrve ic chawn in Fio 4 1A The citn
pile diameter was 500 mm & length was 30.50 m. The Test load was 1079 kN. After
completion the load test the max settlement was found 0.81 mm and the net settlement was
0.56 mm. The pile was not failed under the applied load 1079 kN. The maximum settlement

wac tnn hﬁ]n -:nrl lf wrae ‘\n’n‘u ‘ﬂ‘la f\mm Qn tha nila rananityr ic m"nlﬂ huﬂ'\ar ‘Hmnn ﬂ'\ﬂ onirva

shown as 1079 kN. e lowopaoie

Gross Settlement (ram)

Fig-4.16 Load versus Gross Settlement of a Pile at KU Male Student hall
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4.9 Flie Load Test on d Flie at KU Agranl Ddnk Dliabai

A pile load test was done on a pile at at KU Library Building. After completion of static pile
lnad tect the Fnl]n\xnno lonad verang ornee cettlement enirve ic chawn in F‘m 4 17 and the
Load versus net settlement curve is shown in Fig. 4.18. The situ pile diameter was 450 mm
& length was 26 m. The Test load was 882.90 kN. After completion the load test the max
settlement was found 13.81 mm and the net settlement was 11.567 mm. The pile was not
failed under the annlied laad 282 0N N From load vercne net cettlement curve in recnect

of 6 mm net settlement. the ultimate load is obtained as 725 kN.
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Fig-4.17 Load versus Gross Settiement Curve of a Pile at KU Agrani Bank
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Fig-4.18 Load versus Net Settlement Curve of a Pile at KU Agrani Bank
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A pile load test was done on a pile at Khulna Medical College ICU. After completion of
ctatic mIP lnad tect the Fnlln\mno lnad verane ornee cettlement cnrve ic chnwn in F'lo 419
and the Load versus net settlement curve is shown in Fi g. 4.20. The situ pile diameter was
500 mm & length was 24.39 m. The Test load was 981 kN. After completion the load test

the max settlement was found 11.5 mm and the net settlement was 9.8 mm. The pile was not
Fln]nrl “h.rl.nr tha Qﬂﬂ‘lﬂd tnnr" OQI b\T prnm 1’ noﬂ varcno 'N[t:f onﬂ]nmnnf FITI"(}'B "1 rﬂc‘pﬂnf n'F

——— -

6 mm net settlement. the ultimate load is obtained as 925 kN.
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Fig-4.19 Load versus Gross Settlement Curve of a Pile at KMC ICU
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Fig-420 Load versus Net Settlement Curve of a Pile at KMC ICU
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Flie Load Test on 4 Flie dai Siun siun Cement raciory,
Lobonchora

=
-
[E_—

A plc 1vad EdL was UUNC ULl @ pUc at ouull ol Colicut Lavivly, Lobvuuivla. Alict
completion of static pile load test the following load versus gross settlement curve is shown
in Fig. 4.21. The situ pile diameter was 600 mm & length was 24 m. The Test load was
2207 kN. After completion the load test the max settlement was found above 25 mm. The
plie was [alled under e gappled 10ad. A Wngent 1S drawn on ine i0ad Versus gross
settlement curve to find out the ultimate carrying capacity of pile. From load settlement
curve the ultimate load is 1360 kN.
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Fig-4.21 Load versus Gross settlement Curve of a Pile at Shun Shin Cement Factory,

T.obonchora
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4.1Z  Fue Luad Teston a £lie 10r 4 Buliding ai Sonadangd

A pile load test was done on a pile at a building Sonadanga. After completion of static pile
load tect the followino Inad veranc grose eettleament curve ic chnwm in Fio 477 and the
Load versus net settlement curve is shown in Fig. 4.23. The situ pile diameter was 450 mm
& length was 24.39 m. The Test load was 662.175 kN. After completion the load test the

max settlement was found 14.105 mm and the net settlement was 10.65 mm. The pile was
nat failad nndar tha or\n]n:-r‘ lnad ARD 175 LN Fram T aad wrarciie Nat cattlamant C\_l_!-\_u:'-’ in

respect of 6 mm net settlement. the ultimate load is obtained as 510 kN.
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Fig-4.23 Load versus Net Settlement Curve of a Pile at Sonadanga
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CHAPTEK >

PILE CAPACITY FROM EQUATIONS

5 1 nﬂl‘lﬂ‘l“ﬂl

[y e

Many researchers have been established different equations to determine the allowable
bearing capacity of pile. Eight equations were selected for the determination of allowable
bearing capacity of pile which is discussed in this chapter for the pile capacity installed at
ten locations.

5.2 Allowable Pile Capacity from Different Existing Equations

Meyerhof Equation has been used to identify the end bearing and skin friction for the pile.
This equation is suitable for cohesive and cohesionless soil.

Hansen equation has been used for identification of end bearing of cast in situ pile and it is
suitable for cohesive and cohesionless soil.

Tuiunsun cquaiiuu (U. mciimd) Lad> USCIL USCU (UL IUCHLIIVALiUL UL SKII LHIVHULL UL vast 11
situ pile installed in cohesive soil.

Burland equation (B method) has been used to identify the skin friction of pile and it is
SUItaDIE 10T CONESIONIESS SO,

Vasic’s equation has been used to identify the end bearing capacity of pile and it is suitable
for cohesive soil and cohesionless soil.

Janbu’s equation has been used to identify the end bearing capacity of pile and it is suitable
for cohesive soil and cohesionless soil.

lerzaghi equation has been used to identity the end bearing capacity of pile and 1t 1s
suitable for cohesive soil and cohesionless soil.
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5.3 Allowapie Flie Capacily ol a Flie 1u Bastullara irom difierent
Equations

-~ 1 -

TIT CyualiuL a> MICHUULCU 1 alUUIC 5.2 WEIT udeu WU 11U uul LIS pIic vapauily vl a p1ic at
Bastuhara Bridge. For each equation, pile capacity against depths is shown in Fig. 5.1 and
also in Table 5.1. The sub soil investigation depth was 31.50 m. The pile length was 30.50
m and diameter was 750 mm. The soil parameters from sub soil investigation are used in
4DOVE equalions 1 Nnd oul e Dedring capacity of piie. VIOSL Of LE Cases ne pearing
capacities are not same in same depth of pile. For cohesive soil the result is same for Hansen
and Vasic’s equation. From table, in the depth of 30 m, the minimum calculated load is
obtained 1659.16 kN by using the Janbu's equation for end bearing for cohesive and
cohesion less soil, lominson equation (¢ method) for SKin Iriction 1or cohesive soll &
Burland equation (B method) for skin friction for cohesionless soil. The equations might be
suitable for the Bastuhara area. The bore log of the site is shown in appendix Al.

A — tayarhof Equation forclay 2, can

(end bearing + skin friction)
4000.0 T T N S S T S S—" T

3500.0

———Dr. K. R. Arora Equation (end
bearing+ skin triction)

3000.0

Hansen equation for end bearing

53.33 kN, [lia=750rnm and L=30.50m

skin friction for sand

=|5

—— Y aaiu s wyualivi fur end bearing

skin friction for sand

Janbu's equation for end
bearing(clay& sand), Tomlinson
annatinn {a mathad) far ckin
friction for clay & Burland
equation (b method) for skin

friction for sand

500.0

- Terzaghi equation for end
DEETINGICIay & 3and), T eimhinsdin
equation (a method) for skin
triction for clay & Burland

0 5 10 15 20 25 30 35 equation (b method) for skin
PILE LENGTH {m) friction for sand

Allowable Load from Pile Lozd Test

0.0

Fig. 5.1 Pile Capacity versus Depth from Various Equations at Bastuhara Bridge
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& Burland equation (b method) for
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EAVIE vl“} o u\luul.luu . - o.
.E 5 sand (end (cad mcthos:l) for mctho!i) for equation (a equation (a 3
5 B | beatinet | Teasinmid skin skin method) for method) for 2
a A ng ng friction for | friction for | skin friction for | skin friction for it
skin skin
friptio) friction) clay & clay & clay & Burland | clay & Burland
% Sl Burland Burland equation (B equation (f§
equauon (pp | equation (s method) tor method) 1or
method) for | method) for | skin friction for | skin friction for
skin skin sand sand
friction for | friction for
sand sand
LOGU(RIN) | LOSUGKIN) | LUSG(AIN) | LOGU(RIN) | Luadisly) | LUad(aiv) WV | WA
Dia=750mm, L=30.50m, FS=2.5
1 2 3 4 5 6 7 8
1.5 18.6 13.28 30.97 30.97 30.97 29.48
3 46 6 29 36 7217 7217 7217 67 34
4.5 47.1 21.67 72.30 72.30 72.30 69.55
6 75.1 37.75 113.26 113.26 113.26 107.42
7.5 94.1 43.34 137.70 137.70 137.70 13165
9 94.6 35.65 136.96 136.96 136.96 133.87
10.5 176.0 91.57 246.98 246.98 246 .98 231.26
12 2039 9227 266.15 266.15 266.15 25342
g 13.5 3827 236.27 528.62 528.62 528.62 483.69
B 15 435.0 23558 556.28 556.28 556.28 520.71
T 16.5 581.6 346.02 763.95 763.95 763.95 708.66
S 18 | e 42012 911.35 91135 911.35 84926
—g 19.5 8237 49981 1064 .83 1064.83 1064.83 995.92
= 21 880.1 50540 1103.53 1103.53 1103.53 1047 .55
2.3 L/07.0 223412 18/0U.3u 2ZUZU.03 13/u.01 1731.04
24 1647.7 1756.87 1863.13 2056.33 1373.56 1721.72
25.5 1921.8 2679.42 2131.40 2910.96 1513.58 2005.34
27 1884.9 2520.23 2179.98 3018.87 1541.02 2027.71
285 g 230040 ittt oL 1ECERD 28T |
30 1971.1 2727.85 2394.72 3360.45 1659.16 2219.20 l 982.42
3135 2091.2 3088.71 2575.46 3607.71 1757.37 2408.06
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Allowabie Fiie Capacity of a Flie 11 beiween Dasiuliard and

Rayer Mahal from Different Equations
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D11ICIC1L CAIDLULE CYUALIVI dIT UdCU LU 1 VUL LIC alluwavic Usaliug vapavity vl a piic i
between Bastuhara and Rayer Mahal. For each equation, pile capacity against depths is
shown in Fig. 5.2 and also in Table 5.2. In this point the sub soil pile investigation depth was
39m. The pile length was 30.10 m and diameter was 750 mm. The bearing capacity was
JELECTIMINEd dL eVEry 1.5 M depin 0L plie [T0M various exIsung equdation using soli parameers
at that point. It was found that in most of the cases the bearing capacity is not same at same
depth for different equations. For cohesive soil the result is same for Hansen and Vesic’s
equations. From Table 5.2 it was found that the predicted loads from equations at 30 m depth
1S about two times higher than pile capacities from pile tests. £nd bearing and skin friction

were predicted from Meyerhof equation for both cohesive and cohesionless soils.

3ECC.C

3000.0

2500.0

2000.0

1500.0

File Capacity (kN)

1000.0

(=]

20

PILE LENGTH

20

(m)

750mm and L=30.10m

3.33kN, Dia

=

Allowable Load from Plle

5=6

Meyerhof Equation for clay & sand

== Dr, K. R, Arora Equation (end

hearing + ckin friction)

Hansen equation for end bearing
{clav& sand), Tomlinson eauation {a
method) for skin friction for clay &
CDunand equation (b method) for

skin friction for sand

vasic's equation for end pearing
(clay& sand), Tomlinson equation (a
method) for skin friction for clay &
Burland equation (h methad) far

skin friction for sand

e F bt il oy s ATy Fom ]
SuliGW 3 CQUOLICH Tor ond

bearing{clay& sand), Tomlinson
equation (a method) for skin friction
for clay & Burland equation (b
method) for skin friction for sand

wwsw Tarraghi annation far and
bearing(clay& sand), Tomlinson
eyudtion (g method) for skin iriction
a for clay & Burland equation (b
- method) for skin friction for sand

. J

Fig-5.2

Pile Capacity versus Depth from Various Equations a place in between

Bastuhara and Rayer Mahol
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Rayer Mahal
Summary of allowable bearing capacity of pile
I | Haneen Vacir's |
equation for equation for ; ; .
end bearing end bearing Jaubusequation Tt_‘;rzaghl
(clay® sanD); | (clavl: sand) for end equation for end
Meyerhof | Dr.K.R. b > s > bearing(clay& bearing(clay&
E uauon Amra Tomlinson Tonfinsen sand), Tomimson sand), Tomlmson -
i o P _at equation (a equation (a @ o
avn vy e ot e “‘1“'-“““ & SquLnon (& b 3
6| g | sadiend | (na | methodfor | methodfor | o ares in | method) forskin | = S
@ : skin friction skin friction e ; = o0 i
o g bearing + | bearing + Bor o & for clay & friction for clay friction for clay e 2
ES skin skin y y & Burland & Burland o
friction) friction) Burl_and Bur!and equation (b equation (b
equation {b equation (b mathad) far elrin mathadl far clan
metnoa) 1or methoa) tor o Sy
skin fridtion <kin Biction friction for sand | friction for sand
for sand for sand
Load(kN) | Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN)
ThHa=T&Nmana T —2N 1M EC—7 £
i 1 Nin oo, T =21 T, TR 4
1 2 3 4 5 6 7 8
1.5 18.6 13.28 30.97 30,97 30.97 45.36
3 46.6 29.36 72.17 72.17 72.17 101.90
45 A1 20y 7 3n Tan L a9 o0
6 75.1 37.75 113.26 113.26 113.26 155.34
5 94.1 4334 137.70 137.70 137.70 187.65
9 113.0 48.93 162.07 162.07 162.07 219.96
L% 1125 4194 peXd L 15204 MR.L L
12 141.6 57.32 202.32 202.32 202.32 27340
13.5 246.6 129.32 342.05 342.05 342.05 46851
= |15 984 4 1190.42 660.61 748.54 46143 961,99
= 1A 5 1408 7 A2 N2 074 N 0g1 20 see 7R 1207 /2
E 18 1545.0 2793.52 1048.64 1092.54 654.25 1591.53
5 19.5 15943 2905.02 1173.32 1223.76 720.25 1785.43
'E 21 5275 600.57 49787 497 87 497.87 680.50
- ML AR77 [ e B 47 N K47 2N S47 N TA4 R
E 24 685.2 666.97 659.18 639.18 659.18 896.98
S [ 255 8173 764.14 846.92 846.92 846.92 1155.35
g | 27 918.8 822.16 970.15 970.15 970.15 1321.13
§ S 1N48 O ana 54 113R 58 1138 58 1138 38 1550 41
[+
'2 30 11377 952.18 1235.06 1235.06 1235.06 1677.30 490,50 | 982.42
‘g [315] 12498 | 101859 1369.57 1369.57 1369.57 1858.11
E 33 1315.1 1034.67 1424 .88 1424.88 1424 88 1926.96
345 1376.6 1042.36 1467.95 1467.95 1467.95 1979.53
34 1475 7 1004 7Q 1587 RA 15827 26 1587 RA 7134 75
375 15393 1110.16 1637.38 1637.38 1637.38 2203.72
39 1608.1 1133.23 1703.20 1703.20 1703.20 2289.84
40.5
47
435
45
46.5
48




5.5 Allowavie Flie Capdcily Ol a Flie al Rayer viaiidl [rom
different Equations
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DAICIC1L CAISULYE SYUALIVID @l udCU WU il vul LIS alluwauic Ucalily vapduily Ul a piic at
Rayer Mahal. For each equation, pile capacity against depths is shown in Fig. 5.3 and also in
Table 5.3. In this point the sub soil pile investigation depth was 36 m. The pile length was
30.50 m and diameter was 750 mm. The bearing capacity was determined at every 1.5 m
depii 0L plie ITOM VArious eXISUng €quation using Soli Pardmerers di Ll point. it was round
that in most of the cases the bearing capacity is not same at same depth for different
equations. For cohesive soil the result is same for Hansen and Vesic’s equations. From Table
5.3 it was found that the predicted loads from equations at 31.5 m depth are about two times
nigher than pile capacities trom pile tests. End bearing and sKin Iriction were predicted trom
Meyerhof equation for both cohesive and cohesionless soils.

Meyerhof Equation for clay & sand (end
hearing + ckin frirtion)

25000 — P————————

30.60m

e Ur. K. K. ArOra tquation (end bearing +
skin friction}

20000 | —

AP | (P o =l o Ll
s Hansen cquation for ond bearing [clay&

sand), Tomlinson equation (a method) for
skin friction for clay & Burland equation (b
method) for skin friction for sand

1500.0

Vasic's equatinn for end hearing (clav®
sand), Tomlinson equation (a method) for
skint friciivn fur ciay & Buriand eyuatlivn (U
method) for skin friction for sand

Pile Capacity (kN)

1000.0

Janbu's equation for end bearing(clay&
sand), Tomlinson equation (a method) for

skin frictlon for clay B Burland squation (b

clay & Rur o agua

method) for skin friction for sand

500.0

Terzaghi equation for end bearing(clay&
sand), Tomiinson equation (a method) tor
skin friction for clay & Burland equation (b
method) for skin friction for sand

£llowable Load fr'a‘mq.PiIe Load Te:;.t-;':553.33'kN, Dia=750mmand L

0.0

0 10 20 30 40
PILE LENGTH (m)

Fig. 5.3  Pile Capacity versus Depth curve from Various Equations at Rayer Mahal Bridge
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[ I [ Summary of allowable bearmg capacity of pile
I T T T ar - 1
AARB RO At TR L ] Janbu S Terzaghj
c;?:c’lalt::arxliim g‘;a;l:;_j{]m equation for equation for
(clay& : (clay& ¢ ‘end -md
Meyerhof | Dr.K.R sand) sind) bearing(clay& | bearing(clay&
Fruatinn Arws. | Townlivarn Trwmlincan sand), sand), -
for‘clay & | Equation | equation(a | equation (a é{;}ﬁjﬁ?; el;u?tl;:gzo(t; § .'E
8 | £ | sand(end (end method) for | method) for | "o et method) for g =
o 2 | bearing + | bearing + | skinfriction | skin friction s s o B ]
a | A ; ; skin friction for | skin friction for 2 =
skin skin for clay & for clay & by ST | bl Budind a
friction) | friction) | Burland Burland o e A
equation (b | equation (b b e st ol
method) for | method) for | method)for | method) for
oin fietion: | sk Fiction skin friction for | skin friction for
for sand for sand sand s
Load(kN) | Load(kN) | Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN)
L b Dia=750mm, L=30.60m, F$=2.5 |
1 2 3 4 5 6 7 8
1.5 18.6 13.28 30.97 30.97 30.97 45.36
3 9.5 16.08 47.74 47.74 47.74 66.49
AS 791 19 97 A2 07 A2 07 AT O Q7 A1
6 56.1 34.95 104.87 104 .87 104.87 144.16
T5 75.1 40.54 129.31 129.31 12931 176.47
9 147.5 8598 222.50 222.50 22250 306,33
10.5 1754 86.68 241.77 24177 241.77 329.82
L Sraa At kbl jisLizti) AL St
s 13.5 266.6 12233 337.54 337.54 337.54 458.94
g | 15 2944 123.03 356.58 356.58 356.58 48243
= | 165 3313 134.22 39245 392.45 392.45 530.15
3;5" 18 385.7 158.68 452.28 45228 452.28 611.55
o LEAT 4 JI'\E 150 A0 A1 AN .14'!1 fa el AT AN Fga Y AT |
g e e el it Ta2s G2588
= 21 4504 170.57 507.06 507.06 507.06 682.76
‘gn 22:5 504.8 195.03 566.91 566.91 566.91 764.16
'5 24 5326 19573 585.80 585.80 585.80 787.64
255 569.5 20691 621.63 621.63 621.63 835.36
| 573 oo T3ioe | uoias 3 omiAs R , 21670 :
f 285 ] 6693 24536 | 72439 | 72439 | 724.39 I 973.93 |
30 | 760.7 299.19 835.72 835.72 835.72 1127.16
315 8338 348.12 942.41 94241 942.41 1272.56 490.50 | 982.442
33 1146.3 601.87 1364 .47 1364.47 1364.47 1862.36
345 1271.2 664.09 1478.45 1478.45 1478.45 2012.61
36 1433.4 763.35 1645.62 1645.62 1645.62 2238.53
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5.0 Allowabie Flie Capacily ol 4 Flie at viayur river 1rom
different Equations
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Mayur River Bridge. For each equation, pile capacity against depths is shown in Fig. 5.4 and
also in Table 5.4. In this point the sub soil pile investigation depth was 48 m. The pile length
was 48 m and diameter was 1000 mm. The bearing capacity was determined at every 1.5 m
depin o6 plie [TOM VATious eXISUng €quation using svil pardmeiers at tat point. it was tound
that in most of the cases the bearing capacity is not same at same depth for different
equations. From Table 5.4 it was found that the predicted loads from equations at 48 m depth
are 1.2 times higher than pile capacities from pile tests. End bearing was predicted from
vesic equation for both cohesive and cohesionless soils, while tor skin triction ot cohesive
and cohesion less soils, Tomlinson equation (o method) and Burland equation (B method)
respectively were considered.
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Load versus Depth curve from Various Equations at Mayur River Bridge
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Summary of allowable bearing capacity of pile
Hansen Vasic's
equation for | equation for Janbu's Terzaghi
end bearing | end bearing | equation for end | equation for end
(clay& (clay& bearing(clay& bearing(clay&
Meyerhof | Dr. K.R. sand), sand), sand), sand),
Equation Arora Tomlinson Tomlinson Tomlinson Tomlinson g 54
= _ | forclay & | Equation | equation (a equation (a equation (a equation (a 9 3
& | R | sanaena (ena metnoa) 10r | menoa) 1or metnoay ror metnoa) ror 5 =
g a bearing + | bearing + | skin friction | skin friction | skin friction for | skin friction for 2 E
= skin skin for clay & for clay & clay & Burland | clay & Burland o
friction) friction) Burland Burland equation (b equation (b
equation (b | equation (b method) for method) for
MGGUOULY S08 | GGG SN | Sl s e AT T G AR AL A
skin friction | skin friction sand sand
for sand for sand
Load(kN) | Load(kN) | Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN)
Dia=1000mm, L=48.00m, FS=2.5 |
1 z > 4 > v 7 °
1.5 57.40 44.74 84.25 84.25 84.25 80.78
3 82.71 52.19 120.53 120.53 120.53 113.09
45 108.02 59.65 154.38 154.38 154.38 145 .40
6 13333 67.11 187.49 187.49 187.49 177.71
/1.2 128,04 14.20 LLV.LY LLU. LY L\ LY L1V UL
9 183.95 82.02 25292 25292 252.92 24233
10.5 22341 100.66 308.37 308.37 308.37 294.84
12 269.17 121.17 360.36 360.36 360.36 343.86
13.5 34851 165.90 458.96 458.96 458.96 433.90
12 443.9L L1D. 24 20%.01 J20%.01 20Y.01 23204
16.5 46047 193.87 557.80 557.80 557.80 535.12
18 523.76 219.96 626.60 626.60 626.60 600.92
§ 19.5 606.37 259.11 719.60 719.60 719.60 688.04
= 21 685.24 290.80 800.36 800.36 800.36 765.77
=] L24.D BH4Y.03 4ui.n> 1J1/.03 1uL/.03 1ULf.D5 Y2Y.04
§' 24 893.16 384.00 1021.85 1021.85 1021.85 978.28
o | 25.5 1033.38 467.89 1194.07 1194.07 1194.07 1135.80
3 27 1142.48 516.36 1311.06 1311.06 1311.06 1249 .69
;E? 285 1270.35 589.06 1466.70 1466.70 1466.70 1396.40
m | v 13/4.10 033,19 13//.21 1347.21 13/7.41 1OUL. /D
31.5 1409.21 600.24 1557.51 1557.51 1557.51 1507.50
33 1500.41 631.93 1643.16 1643.16 1643.16 1593.06
34.5 1600.85 674 80 1746.67 1746.67 1746.67 1693.53
36 1706.41 719.54 1855.09 1855.09 1855.09 1798.92
312 | 19080 143.1% 1928.49 19.25.45 19.23.4> L8/3.16
39 1896.37 78851 2036.87 2036.87 2036.87 1980.54
40.5 1993 .91 82393 2130.20 2130.20 2130.20 2073.81
42 2288.24 1083.04 2587.12 2587.12 2587.12 2471.24
43.5 | 242214 1155.74 274233 2742.33 274233 2626.33
l [ 42 | 230004 | 122844 |  28Y/03 | 289153 | 2891.33 | 2161.42 | | |
F4r5 1T MAR004 T 10114 T 305973 1 730887 | 2308 /7 I 7034 31 ! [ |
| [ 48 | 4069.23 | 368522 | 6696.87 | 235241 |  4518.79 | 6149.36 [ 981.00 | 1962.00 |

54



il ] L WFT T W 1 LE B B

37 Allowabie Flie Capacity of a Flie at KU Library Buliding

Different existing equations are used to find out the allowable bearing capacity of a pile at
KIT1 1hmrv Ruilding Far each Pmmhnn mlp canacity againcet dPnfht: ic chawn in Fig S5
and also in Table 5.5. In this pomt the sub soil plle investigation depth was 30m. The pile
length was 28.5 m and diameter was 500 mm. The bearing capacity was determined at every
1.5 m depth of pile from various existing equation using soil parameters at that point. It was

found that in manct af 'ﬂ-m- racec the hearina canacitu ic nnt came at cama danth far diffarant
n 2.5

A e e a = B AE & B

equations. For cohesive soil the result is same for Hansen and Vesic’s equations. From Table
5.5 it was found that the predicted loads from equations at 28.5 m depth are 1.12 times
higher than pile capacities from pile tests. End bearing and skin friction were predicted from

R arrnvhaf advintinm Fae hath anhanisra and aahanianlana aaila
ATA T OWALALL WAL A AN AR MR WOASAANASA ¥ A MAAE WAL L U L A

AR = Meyerhof Equation for clay & sand {end
U,y — . £ e, bearing + skin friction)
<t
<
b
800.00 —m——————— - ————
ke |
"g s Dr. K. R. Arora Equation (end bearing +
L skt frictiong
70000 ———— ———Mp f ——
o
[e]
>
N
600.00 L
=) Hansen equation for end bearing (clay&
- = cand), Temlincon egquation [z method)
E 2 for skin friction for clay & Burland
~L>ww ———mmmmmm §§ E{ e : equation (b method) tor skin triction tor
g wn sand
b1 1l
o 7
(9] 400.00 e — e == \/asic's equation for end bearing (clay&
2 * - sand). Tomlinson eauation {a method)
a 3 for skin friction for clay & Burland
; eguation (i inethod) foi skin friction for
ANNON il = - == sand
C Janbu’s equation for end bearing(ciayé&
Sp— e sand), Tomlinson equation (a method)
CHMI o for skin friction for clay & Burland
2 equation (h method) for ckin friction for
K sand
100.00 — B —
g w———Torzoght oquation for ond bearing(clay&
§ sand), Tomlinson equation (a method)
y ’ tor skin friction for clay & Burland
0.00 T i eauation (b method) for skin friction for
0 10 20 30 40 50 60 s
PILE LENGTH (m)
Fig-5.5 Pile Capacity versus Depth curve from Various Equations at KU Library

Building
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Summary of allowable bearing capacity of pile
| ] Hansen equation [ Vasic's equation ] Torsanhi ammatinn ‘
tor end bearing | for end bearing | Janbu's equation 1or For end
Meyerhof Dr. K. R. (clay& sand), (clay& sand), end bearing(clay& bearinECclay &
Equation Arora Tomlinson Tomlinson sand), Tomlinson | " T% =0 < -
for clay & Equation equation (a equation (a equation (a method) ti(;n (a method) S s
[ 3 % —
E 4 sand (end (end n:e_:tl_m;od) { or s‘km n}qtll'l_od} ’for :sl-‘:‘m for skin fﬂcuon for :foqrm; kin friction for & o
E st U\.rl.ll l.llE ' Uw-ll-lls ' ERLVINIV /T RNLV) ] \tlﬂ_‘f’ L v 't -\" Dlﬂ: O LrLaana ii bl
£ A skin kin & Burland &Burland | equation (b method) | _ 3;‘:?0? (Bb“tﬂ:;g ol © =
friction) friction) equation (b equation (b for skin friction for f?)r okin fiotion foe
method) for skin | method) for skin sand o
friction for sand | friction for sand
LAOUUKIN | LOdULKIN I LUAULKIN ) | LOUUKIN) | LAOUULKIN ) | LO#ULKIN | \KIN) I (KIN)
Dia=500mm, L=27.44m, FS=2.5 |
1 2 3 4 5 6 7 8
|15 1036 | 652 | 17.55 | 17.55 | 17.55 ] 16.62 | ] [
3 16.72 8.39 2841 28.41 28.41 27.18
4.5 33.38 16.78 52.05 52.05 52.05 49.40
6 46.04 20.51 68.30 68.30 68.30 65.55
7.3 56.97 23.15 86.49 86.49 86.49 8391
9 70.29 27.65 103.93 103.93 103.93 101. 08
10.5 84.67 3247 122.71 122.71 122.71 119.59
0 12 106.88 41.94 147 .45 147.45 147.45 143.09
3 | 135 125.75 47.53 165.93 165.93 165.93 161.54
CE_ 15 151.25 57.48 19352 193.52 193.52 188.14
E 16.5 174.07 64.31 216.10 216.10 216.10 210.69
g 18 199.97 73.32 242.49 242.49 242.49 236.57
2 | 105 231 21 /5 13 275 37 275 27 275 27 76R 45
21 273.73 103.61 320.42 320.42 320.42 311.26
225 328.69 130.33 380.83 380.83 380.83 368.17
24 387.77 158.14 444,77 444.77 444.77 429.36
aCc C ACO 72 100 1C C21 ac £21 o C21 oc £E11 CC
el | I iy I T | el va 1 S 1 — | | |
| 27 | s3s04 | 24746 | 62089 | 62089 | 629.89 604.22 I |
28.5 615.07 297.95 729.63 729.63 729.63 699.68 441.45 | 882.9
30 706.07 354.80 836.65 836.65 836.65 802.17

56



a 11 Rt b ] ot P MEWT T m &

mm ;ZCSQC—G ruc fln_.—.un.r\:..% Cp d riic dl NU S\hﬁ_ﬂ O_.ﬂCG:_., :a-:

Different existing equations are used to find out the allowable bearing omwmo_@ of a pile at
KTT Male ctudent hall Far each eanatinn nile 1»3323 againct 133.:5 ie chnwm in ﬂ_Q 56
and also in Table 5.6. In this point the sub soil v:a investigation %ﬁ& was 30 m. The pile
length was 30.5 m and diameter was 500 mm. The bearing capacity was determined at every
1.5m aoﬁﬁ of pile from various existing equation :m_.zm soil parameters at that point. It was

found that in mact af the racec the hearina ranacitr ic 3__).—. cama at cama danth far Aiffarant

S s e e s i e s el e e ot = i e e e e i e e e < vl e L

equations. For cohesive soil the result is same for Hansen and Vesic’s equations. From Table
5.6 1t was found that the predicted loads from equations at 30 m depth are 1.25 times less for
the equation of Terzaghi for end bearing for both cohesive and cohesion less soils, while for

Alrise Friatinem Aaf anhanivia and aakaciaslanes caila Tamalisnns aqsndiasn (o smaathadl fad Daselasad
AFALEALE AL A% LARAALE SFA WASALNLIA VW RALANA W NS LA LA LSRR S WASAALlg A WSRAALLLALINVSAL ‘rﬁ:f-.'.—(.—l f’-\\ hhhtfitf\‘\‘ B e T L

equation (B method) were considered respectively. In case of Meyerhof equation the
predicted load is 1.45 times less for the end bearing and skin friction of cohesive and
cohesionless soil.

— Wayarhnf Fanatinn for clay & cand (end
bearing + skin friction)

1000.00 —— y 3 i

(=743 s o J ———

Dr K _R_Arora Equatinn ?u).._ Tnu!..:.__ A
skin friction)

500mm and L
|
i
|

s Hanesn aquation for and basring [zlavg

s RIS 1
sand), Tomlinson equation (a method)
e Tor skin Triction for clay & Buriand
equation (b method) for skin friction for
sand

—\/2cic's couation for ond bearing folaye,

ST oguation NS SCITIng \Saf=

sand), Tomlinson equation (a method)

Pile Capacity (kN|
(9]}
cr
o
&
I
|
i
|

Allowable Lcad “rom Pile Load Test= 107¢ kN, Dia
|
|

4uUu.uu - e —— tor skin friction tor clay & Burland
eauation (b method) for skin friction for
sand
300.00 - e
—_— lanibi's cquation for ond boaringlclaya
sand), Tomlinson equation (a method)
200.00 }— N — for skin friction for clay & Burland
eauation (b methad) for skin friction for
sand
oo
100.00 & -
— —— L A g ees e
) TETEGENI SYUELITI 107 €Niu BEaingluayos
sand), Tomlinson equation (@ method)
G0 R o e N e for skin friction for clay & Burland
equation (b method) for skin friction far
0 10 20 30 40 50 sand
PILE LENGTH {m)]
Fig-5.6 Pile Capacity versus Depth curve from Various Equations at KU

Male Student Hall
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Summary of allowable bearing capacity of pile

l ] Hansen Vasic's ‘ }
annatinn annatian
: 3 Janbu's Lerzaghi
152;;22 é‘:ﬁg equation for equatic;ln for
end en
(:;:ﬂ‘;‘ (:ﬁf‘ bearing(clay& | bearing(clay&
{deycr_hof Dr 355 Tomlins’on Tornlins:on @ sand ). e Sm.l‘d)’
s | v | comionG | cquion(s | Tofine | Tede g
€| € | sand(end d method) | - method) thod) for | method) for < 3
L B | sand(en (en for skin for skin method) | cthod) fo o ]
5_? a bcam_ng + bcam_ng | st | ickion oe skin friction skin friction g ke
sy | ot | dayk | g | TUWE | Imdee
Sl 4 ! T Burland Burland T . &
; . equation (b equation (b
“mebod) | - metbody | Methodfor | method) for
for skin for shin skin friction skin friction
friction for | friction for for sand for sand
j | Ba.llli J h'm.ll.i | J ] |
Load(kN) | Load(kN) | Load(kN) | Load(kN) | Load(kN) | ToadkN) | (N) [ (kN)
Dia=500mm, 1L=30,5m, F$=2.5 |
1 2 3 4 5 6 7 8
[ 15 036 | 652 | 1755 | 155 | 17.55 | 16.62 } | ]
3 1344 | VA48 | 3138 | 3138 | 31,35 [ 29.90 [ '
45 34.44 17.09 53.81 53.81 53.81 51.16
6 47.10 20.82 70.06 70.06 70.06 67.31
7.5 59.75 24.54 86.28 $6.28 86.28 83.47
9 72.41 28.27 102.48 102.48 102.48 99.63
= 10.5 86.79 33.09 121.26 121.26 121.26 118.14
£ 12 103.84 39.30 143.98 14398 14398 140.35
E 13.5 123.00 46.14 169.40 169.40 169.40 165.26
g 15 145.76 54.68 193.68 193.68 193.68 188.79
‘:: 12 171 &9 eA 1 2771 nC 271 NE 771 N 218 AN
'_E“ 18 203.63 76.74 255.19 255.19 255.19 248.29
= 19.5 241.09 91.96 295.14 295.14 295.14 286.74
N 21 291.92 115.57 350.74 350.74 350.74 339.35
225 356.76 150.53 427.17 427.17 427.17 411.04
Lt G10.07 Lo/ 7 2UL.5U JUL.5V 2UL.OU 48L.10
25.5 487.26 221.83 582.94 582.94 582.94 560.53
27 562.33 270.45 681.39 681.39 681.39 654.22
28.5 65200 | 328.24 /91.88 /91.88 /91.88 /59.19 | | |
30 744.33 | 384.16 895.15 895.15 895.15 858,92 | 530,55 | 1079.00 |
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Different existing equations are used to find out the allowable bearing capacity of a pile at
KTT Aorani Rank For each Pmmhr‘m nile anr‘lhr againet denthe ic chnwn in Fio 57 and
also in Table 5.7. In this point the sub soil plle mvestlgatlon depth was 36 m. The plle length
was 27 m and diameter was 450 mm. The bearing capacity was determined at every 1.5 m
depth of pile from various existing equation using soil parameters at that point. It was found

that ln m.r\c--} n‘F ﬂmﬂ- racec ﬂ-ul ]‘\F‘QI’I“I’T Fanacity ic ﬂnf cama r)'l' cama rlnr\ﬂn F{\r ﬂt#ﬂrﬂ-r\f

SRR T T prenesr = Mlaton] ke Ml o T

equations. For cohesive soil the result is same for Hansen and Vesic’s equations. From Table
5.7 it was found that the predicted loads from equations at 27 m depth are 1.17 times higher
than pile capacities from pile tests. End bearing and skin friction were predicted from

M Aavrnchaf anintine Far lhath anhacivia and aalianiam lann aadla
AN J WAL WA[LSSLIAAEL LUA0 LA REE WACLAMLIE T ML WOASLAMLAAAAL AWArd LAt

= Meyerhof Equation for clay & sand

- Tapdd baapinme 1 alin Friatinm
\Sho soaring ¢ swin friction}

vr. K. K. Arora kquation (end bearing +
<kin friction)

1000.00 —— e ———

800‘00 S —————————————

Hainsen equation for end beaiing
(clay& sand), Tomlinson equation (a
method) for skin friction for clay &
Butland equdiivn (b meiiod] fur skin
friction for sand

“483.33 kN, Dia= 450mm and L= 26m

|

pUL.OU |

—/acic'e equation forend hearing

(clay& sand), Tomlinson equation (a

method) for skin friction for clay &
Burland equation (b method) ferckin

p— friction for sand

vy Janbu's equation for end
bearing(clay& sand), Tomlinson
equation (a method) Tor skin Triction
for clav & Burland equation (b
method) for skin friction for sand

LOAD (kNj}

\ .

400.00

%

Allowzble Loafl*-.f_rom Pile Load Test'

Terzaghi equation for end
bearing{clay& sand), Tomiinson

mosn i mdtmin F o pon mals - IV £ mlinn Fod okl e
Cquansi ‘o MCuaioa) forskin®: (s ivin

for clay & Burland equation (b
0 10 20 30 40 method) for skin friction for sand

™~

0.00

Fig-5.7 Load versus Depth curve from Various Equations at KU Agrani Bank
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Summary of allowable bearing capacity of situ pile
| Hansen | Vasic's | [
equation equation ; :
bearing bearing - q
(clay& (clay& : end : end
g d bearing(clay& | bearing(clay&
]\Jﬂ}rprhn‘l"‘ N K R san )’ San )’ vandl\_ canr])_
Equation Arora O || ASTRUTRCT Tomlinson Tomlinson o
: equation (a | equation (a ; ; @ )
for clay & | Equation equation (a equation (a S by
method) method) ]
T = | sand (end (end i ; method) for method) for £ i
@ =4 : B for skin for skin Rl AR oo i
) o' | bearing + | bearing + fiction B |- fction for skin friction skin friction @ R
& A skin skin SC et for clav & for clay & =
. . - - Ml“} L \III:IJ L
friction) friction) Burlaad Burand Bur!and " Bur!and
uation (b | equation (b equation ( equation (b
e od) | method) | ™Method)for | method) for
: : skin friction skin friction
for skin for skin f
frintinn frre frirtian far or sand for sand
sand sand
Load(kN) | Load(kN) | Load(kN) | Load(kN) Load(kN) Load(kN) (kN) (kN)
Dia=450mm, L=26m, F§=2.5
1 2 3 4 5 6 v %
1.5 17.89 10.90 2595 25.95 25.95 2435
3 20.36 8.81 29.97 29.97 29.97 28.95
4.5 26.07 10.49 3955 39.55 39.55 38.46
6 38.92 16.53 61.53 61.53 61.53 59.50
75 49.17 19.55 78.68 78.68 78.68 76.61
9 61.21 23.66 94 46 94.46 94.46 92.13
10.5 77.88 30.28 117.03 117.03 117.03 113.98
12 11291 47.73 157.40 157.40 157.40 151.48
13.5 131.77 50.67 172.80 172.80 172.80 168.05
15 174 14 71.55 22117 22117 22117 21329
a2
E 16.5 208.07 82.63 253.68 253.68 253.68 245.77
(2]
= 18 256.09 104.60 304.87 304.87 304.87 284.54
% 19.5 306.99 128.85 361.26 361.26 361.26 348.74
T
2 21 381.30 180.10 463.25 463.25 463.25 443.21
2205 435.28 203.59 520.24 520.24 520.24 501.14
24 482.56 220.28 565.63 565.63 565.63 548.68
755 537 86 241.59 618.73 618.73 A18.73 a02.23
27 567.52 246.96 644.52 644.52 644.52 631.90 441.45 | 882.9
285 618.17 269.86 699.11 699.11 699.11 685.25
30 668.54 291.16 751.73 751.73 751.73 737.37
315 713.17 307.69 795.67 795.67 795.67 782.03
33 766.94 335.20 858.45 858.45 858.45 842.85
345 840.72 386.12 958.72 958.72 958.72 936.52
36 878.79 392.66 988.11 988.11 988.11 971.27
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Allowabie Fiie Capacity ol a Fiie i1 Kiuina viedical Coliege

ICU

3.10

T 3

LI1LICICHL EAI.DI‘.I'U5 CYUALIULD @IC UdSCU WU LI VUL LIS alluwauic Ucaliug vapavity vl a pﬁc at
Khulna Medical college. For each equation, pile capacity against depths is shown in Fig. 5.8
and also in Table 5.8. In this point the sub soil pile investigation depth was 30m. The pile
length was 24 m and diameter was 500 mm. The bearing capacity was determined at every
1.3 m depin 01 plie TOM various exisung equation using soll pardmeters at tnal point, iL was
found that in most of the cases the bearing capacity is not same at same depth for different
equations. For cohesive soil the result is same for Hansen and Vesic’s equations. From Table
5.8 it was found that the predicted loads from equations at 24 m depth are 1.02 times lesser
than pile capacities from pile tests. Bnd bearing was predicted from Hansen equation tor
both cohesive and cohesionless soils, while for skin friction of cohesive and cohesionless
soils, Tomlinson equation (a method) and Burland equation (B method) respectively were

considered.

-~ Meyerhot Equation for clay & sand {end
900.00 [—— S —— — bearing + skin friction)
I A
III
-
onn NN - =
1OV e m
= o s L w o am e i
E ) (S N AP TR - | Cyuauwil (S weai g ©
o skin friction)
700.00 ] — ——-;r'{ =
‘i
i ©
(=]
600.00 = —
X —— Haneen equation for end bearing [clave.
B § sand), Tomlinson equation (a method)
WO | Tor skin Triction for ciay & Burland
= 500.00 :._-\' — equation (b method) for skin friction for
= 1l sand
- g
< e
o 400.00 o Vasic's equation for end hearine (clav®
8 sand), Tomlinson equation (a method)
—_ for sklin fiiction for clay & Durland
% equation (b method) for skin friction for
300.00 o — sand
E_.w"
~9
[ Janbu's equation for end bearing(clay&
200.00 .g e e sand), Tomlinson equation {a method)
) a for ckin friction for clay & Burland
@ equation (b method) for skin friction for
% sand
100.00 o ———
é <t Terzaghi equation for end bearing{clay&
A NN sand), Tomlinson equation (a method)
0.0 - | el R for skin friction for clav & Burland
) equation (b method) for skin friction for
7] i 20 30 40 sand
PILE LENGTH (m)
Fi1g-5.8. Load versus Depth curve tfrom Various Equations at KMC 1CU
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Summary of allowable bearing capacity of pile
Hansen Vasic's
f‘.r}uarinn P!rlllﬂiin'n o i .
for end for end JHEU S e
: : equation for equation for
bearing bearing aid td
(clay& (clay& : ;
sand) el bearing(clay& | bearing(clayé&
Meyerhof | Dr. K-R- | Tomlinson | Tomlinson | .. 5224 |  swd),
bS] e : : e LT bviiiiny u
for clay & | Equation equation (a | squation(a equation (a equation (a E ®
5 method) method) 9
k= sand (end (end ; . 7 method) for method) for c
2B, o, < : for skin for skin pes e .o B
o o bearing + | bearing + 2 7 I skin friction skin friction @ @
£ [a] % : friction for | friction for : : -3 =
skin skin lav & lav & for clay & for clay & Q
frirtinn) frictioan) clay L1y Rurland Rurland
: : puriana Buriana ; ;
: i equation (b equation (b
cquation (b | equaton(® | g one | method) for
method) method) oA e
; ; skin friction skin friction
for skin for skin for sand for sand
friction for | friction for
Load(kN) | Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN)
Dia=500mm, L=24m, FS=2.5
1 2 3 4 5 6 7 8
I 1T~ l o~ I AT T = =" ey L I A Y ] =n TN
3 51.34 24.08 63.25 63.25 63.25 60.19
45 65.43 27.65 81.12 81.12 81.12 78.03
6 80.20 32.00 100.09 100.09 100.09 96.88
T8 11822 3157 145 47 145 47 145 4?7 13R RS
3 9 145.19 59.19 171.11 171.11 171.11 164.69
& 10.5 177.45 70.84 20351 203.51 203.51 196.30
g 12 24275 108.43 281.92 281.92 28192 268.37
§ 13.5 28344 119.30 31643 316.43 31643 30425
3 15 32659 133.75 356.33 356.33 356.33 34435
3 16.5 349.18 131.57 367.74 367.74 367.74 359.63
E 18 409.42 164.66 438.32 438.32 438.32 425.01
‘Zt 19.5 454.58 179.26 479.46 479.46 479.46 466.61
5’ | £l | G19.62 I 193,08 2149./b I 214./35 o214./3 UL EY
E i i bo I [ AQ7 ac | ang an EE1 7Y | cca 71 CCa 71 cAz an
24 464.52 224.87 604.02 596.98 596.98 585.05 490.50 981
25.5 544,22 241.18 647.58 643.55 643.55 630.86
27 510.13 256.38 689.12 680.06 691.53 678.07
28.5 510.13 269.42 726.38 720.34 724.25 712.27
30 585.28 283.25 766.50 760.46 764.38 752.63
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5.i1  Allowabie Fiie Capacity of a Fiie at Shun Shin Cemeit
Factory, Lobonchora
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Shun shin cement factory, Lobonchora. For each equation, pile capacity against depths is
shown in Fig. 5.9 and also in Table 5.9. In this point the sub soil pile investigation depth was
24 m. The pile length was 24 m and diameter was 600 mm. The bearing capacity was
determined 4L every 1.5 m depii o1 piie [Tom various existing equalion using soil parameers
at that point. It was found that in most of the cases the bearing capacity is not same at same
depth for different equations. From Table 5.9 it was found that the predicted loads from
equations at 24 m depth are 1.3 times higher than pile capacities from pile tests. End bearing
was predicted from Janbu's equation for both cohesive and cohesioniess soils, while Tor skin
friction of cohesive and cohesionless soils, Tomlinson equation (a method) and Burland
equation (B method) respectively were considered.

1500.00

1400.00

1200.00

1000.00

800.00

LOAD (kN)

600.00

400.00

200.00

0.00

Allowable Load from Pile Load Test= 680 kN, Dia= 600mm and L= 24m

10 20 30 40
PILE LENGTH {m)

e Mayarhof Fruiatinn for rlay & sand
(end bearing + skin friction)

Dr. K B Arora Equation {end baaring +
skin friction)

s Hansen eguation for end bearing
{clay& sand), Tomlinson equation (a
method) for skin friction for clay &
Burland equation (b method) for skin
friction for sand

— Vasit's equation for eid bearing
{clay& sand), Tomlinson equation (a
method) for skin friction for clay &
Rurland equation (h mathad) far skin
friction for sand

Janbu’s equation for end
bearing{clay& sand), Tomlinson
equation (a method) for skin friction
for clay £ Burland equation (b
method) for skin friction for sand

Terzaghi equation tor end
bearing{clav& sand), Tomlinson
equation {a method) for skin friction
for olay & Burland equation {b
method) for skin friction for sand

Load versus Depth curve from Various Equations at Shun Shin

Cement Factory, Lobonchora
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TABLE: 5.9 AliGwauic Deaiing Capacity 1aoic 01 at onui St Ceindint Factory at
Lobonchora
I_ I Summary of allowable bearing capacity of pile
Hansen Vasic's
ation ation ; p
cg:r end cg: hd Janbu's Tenf,aghl
besting bearing equation for cquation for
(clavir (clav& | ed | ~ end
Meyefhﬂf F i) San}i) [Blwtil ![lg\dl;l i‘l}‘ﬂf.'. Ucmulglai;l 'd.}'ﬂL
; Dr. K. R. ezt S sand), sand),
Efg?itll;m Arora :01?;2:?10(1; goun;zmmﬁog Tomlinson Tomlinson T -
& san(){ Equation ‘tlneth od) ?nctho d) equation (a equation (a ] g
& g (el (end for skin fot skin method) for method) for g =
e 0, s 5, YL o oy LA L bl w
E i - Uhm].“s ' . . - - AR BRI Sniil didvaangaa Ei ii
a H bearkig % skin ﬁl;:]t:ongfor fng]t:m&f o for clay & for clay & e
oe friction) ay y Burland Burland
friction) Burland Burland ; ion (b
equation equation equation (b cquation {
(b method) | (b method) method) for method) for
clein frictinn clin frirtian
tor skan for skin T e
friction for | friction for for sand for sand
sand sand
Load(kN) | Load(kN) | Load(kN) | Load(kN) Load(kN) Load(kN) (kN) (kN)
I Dia=600mm, L=24m, F§=2.5
1 2 3 4 5 6 7 8
1.5 50.33 34.00 65.69 65.69 65.69 61.20
3 57.8G 26.15 T2.25 9225 72.25 Ga.57
§ 4.5 77.06 34.90 98.01 98.01 98.01 93.58
% 6 110.89 51.00 137.59 137.59 137.59 130.62
iZJ 75 12473 50.11 15227 15227 15227 147.10
h—
§ 9 181.73 82.77 22302 223.02 22302 211.69
%‘ 105 | 23022 102.45 273.78 273.78 273.78 260.66
E 12 27299 11498 31243 31243 31243 299.60
E 13.5 346.99 155.69 399.14 399.14 399.14 379.96
% 15 43471 21027 511.12 511.12 511.12 483.88
§ 16.5 519.99 259.04 614.41 614.41 614.41 582.40
E is8 577.39 276.93 667.96 667.96 667.56 639.64
-
% 19.5 1328.00 1506.24 1237.92 1277.17 885.42 1158.45
- 21 1056.93 849.12 1121.82 1243.97 845.12 1037.05
I 77 E ave n7 N7 A 11NE A2 1942 on oAE N7 1n1e ac
!| 24 1049.53 831.58 1189.13 1337.22 888.09 1091.40 1716.75 | 3433.5
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5.2  Ailowabie Piie Capacity of a Piie at Sonadanga

Different existing equations are used to find out the allowable bearing capacity of a pile at
Sonadanga For each equation nile capacity againct denths is shown in Fig 5 10 and also in
Table 5.10. In this point the sub soil pile investigation depth was 22.5 m. The pile length was
16.5 m and diameter was 450 mm. The bearing capacity was determined at every 1.5 m
depth of pile from various existing equation using soil parameters at that point. It was found

that in most of the cases the bearing capacity ic not same at same depth for different
equations. From Table 5.10 it was found that the predicted loads from equations at 16.5 m
depth are 1.08 times lesser than pile capacities from pile tests. End bearing was predicted

from Janbu's equation for both cohesive and cohesionless soils, while for skin friction of

Aanhanivin amd anhanianlance cadla Tamalinann annatine fo manthad)l aed Daosland asrendsmm (02
ARSI F W LRI WLFL BN I IJU]JIJ, PR VISEENENTL . WEEY U\.iuul..l\.u.l \“ .I.lL\J\Al\J\J)J e N e R ACRE L v\iuut—l\lll \}-’

method) respectively were considered.

LOAD {kN]

120000

600.00

400.00

200.00

580 kN, Dia= 600mm and L=

Allowable Load from Pile Load Test:

'4m

4

0.00

10 20 30
PILE LENGTH (m)

40

Meyerhof Equation for clay & sand
{end bearing + skin friction}

Dr. K. . Arora Equation (end bearing +
skin friction)

Hansen equation for end bearing
(clay& sand), Tomlinson equation (a
method) for <kin friction for clay &
Burland equation (b method) for skin
friction for sand

== \/asic's equation for end bearing (clay&
sand), Tomlinson equation {a mathod)
for skin friction for clay & Burland
equaiion (b method) for skin friction
for sand

lanbu's equation for end bearing(clay®
sand), Tomlinson equation (a method)
for skin friction for clay & Burland
equation (b method) for skin friction
for sand

Terzaghi equation for end
bearingi{clay% sand}, Tomlinson
equation (a method) for skin friction
for clay & Burland equation (b method)
for skin friction for sand

Fig-5.10

Load versus Depth curve from Various Equations at a Building in

| A PR e
Duliadaliza
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TADLLE: 5.10 Aliowavic Bearing Capacity Tavte 0f at & Duitaing it Sonadaiga
Summary of allowable bearing capacity of situ pile
| Hansen | Vasic's | |
equation equation . .
for end for end Janbu's Terzaghi
Bt bearing equation for equation for
end end
(claye: (Claye bearing(clav& | bearing(clay&
Meverhof | e @ | sand), | sand), sand), sand),
Equation Arora Iomllimlslc::n e[ o;i_m;o(!; Tomlinson Tomlinson T -
forclay & | Equation LA QU equation (a equation (a g o
: method) for | method) for =l S
E = | sand (end (end i ki method) for method) for s o
S| & | bearing+ | bearing+ | .t fiction for | Skin friction skin friction i kS
a A skin skin c}u:n& chry s for clav & for clav & Q
friction) friction) Burland Riiitand E:;ﬂgr:ld( ; . Elllgﬁg::ld(b
equation (b | equation (b | L e
method) for | method) for | gin friction | - skin fiction
PO T [ for sand for sand
sand sand
Load(kN) | Load(kN) | Load(kN) Load(kN) Load(kN) Load(kN) (kN) | (kN)
Dia=450mm, L=16.77m, FS=2.5
1 2 3 4 5 6 7 8
1.5 26.73 16.36 33.73 33.73 3373 31.33
3 52.08 26.84 61.77 61.77 61.77 57.71
45 7419 3355 R3 54 R3 54 23 54 7919
“3- 6 87.93 34.81 94.27 94.27 94.27 90.89
g 7.5 96.07 3439 102.82 102.82 102.82 100.52
é 9 111.84 40.47 124.06 124.06 124.06 121.15
g 10.5 117.17 39.22 132.27 132.27 13227 130.50
wy
g 12 160.12 63.54 184.93 184.93 184.93 178.43
g 13.5 467.53 342.65 31345 342.84 238.99 20333
= U She18 £1281 20059 41085 A 2ILTE
m
% 165 | 693.02 713.76 458.40 466.99 312.43 426.64 529.7 | 662.18
; 18 783.58 866.84 533.32 526.46 348.73 494.54
19.5 848.26 967.69 601.20 585.76 382.80 556.77
21 826.09 902.63 624.62 626.53 399.85 575.51
L 225 | 829.78 888.26 658.19 67209 | 42096 605.23
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CHAPTER 6
RESULTS AND DISCUSSIONS

6.1 General

The observation of this thesis work has analyzed & discussed here. The discussion has been
made in two stages one on piie capacity from suitabie eight equations and another on piie
capacity from ten pile load tests. Finally it was under consideration to select a suitable
equation which is more appropriate to determine the pile capacity.

6.2 Soil Profiie of the KCC Area

The whole area was divided into two zones. The Zone-I includes west side of the city as
shown in Fig. 3.2. In this zone the sub-soil consists of predominantly silt below 125 ft. In
this zone up to about 50 to 70 ft depth the soil is ot very soft to soft consistency and N-value
ranges from about 1 to 5 in most areas. In sub-soil investigation it was not possible to find
out the depth of sandy layer because boring was not performed below this depth. There
exists an organic layer which is mainly at depth 15ft to 25 ft in most of the areas. In some
places this organic layer exists from top of the existing ground level. Most probably this
area was filled up with dumping garbage and organic sold wastes.

The zone-II includes the east side of the city area as shown in Fig. 3.2. In this zone the sub-
soil consists of predominantly silt up to about 50 ft depth in most areas. The soil is of very
soft to soft consistency ranging N-value from 1 to 5. Below this silt deposit the soil contains
mainly sandy soil. In this zone there exists an organic layer from 10 ft to 20 ft in most of the
areas of this zone.

6.3  Allowable Pile Capacities from Load Tests and Equations

To find out the allowable pile capacity, the minimum value among three criteria is selected.
Thege criteria for safe or allowahle load are (i) one-half of the load at which the total
settlement is equal to 10 percent of the pile diameter, (ii) two-thirds of the final load at
which the total settlement is 12 mm and (iii) two-thirds of the final load at which the net
settlement is 6 mm. But in these pile tests only one criterion as (iii) was satisfied for very

lace cattlamant Ana 44 laad tact that ahocarirad in fiald QA thic laad une tha ranammandad
Wit DWW LWL L% LW IRSLAAL LWL LLARAL WAL AL AL LW, AW LR AV FYLAL LMW I WWLSIIII I AN

safe load in this investigation. The allowable capacities from ten pile load tests are shown in
Table 6.1. The corresponding capacities for each pile from selected equations are also
shown in Table 6.2. From comparative study among the pile capacity from load tests and
Cquations, pilc capacity from cquations arc 2.58, 1.8, 1.44, 1.2, 1.01. 1.12 and 1.3 timcs
increased than that from pile load tests, while in two areas pile capacity from equations are
decreased by 1.02, 1.17 and .065 times than load test values. But these increased or
decreased are not for all equations or any single equation. So no suitable common equation
was seictied (0 copare wiil ilic piie capacity in boili itic zoues. However, iu ihe souih end
of zone-I Meyerhof’s equation gave close value to pile load test for the four sites in Khulna
University area and Mayur bridge and the variation of load is from 1% to 28%.
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TABLE 6.1 Allowable Load From Pile Load Tests

Final Load at Allowable
Zone Location of Pile Load Test 6 mm net Pile Capaity
settlement (kIN) (kN)
11 Bastuhara Bridge 980 653.33
I | Bridge in Between Bastuhara and Rayer Mahal 950 633.33
I Rayer Mahal Bridge 830 553.33
I Bridge on Mayur River - 1962
I | KU Library Building 825 550
I KU Male Student Hall - 1079
II KU Agrani Bank Building 725 483.33
[ Khulna Medical College ICU Building 925 616.67
i Shun Shing Cement Factory in Lobonchora - 680
I A Building at Sonadanga 510 340

TABLE 6.2 Comparative Study of Pile Capacities from Pile Load Tests and Equations

Summary of allowable bearing capacity of pile
B T T T T I Thal | Qhon
r;ggc kU | ku | Aga | na | Shing | Plot#
Basiih | teswce Br!dge Bridge Libra | Male ni Medi | Cemen 43,
s o in on e Stude Bank cal t Road
Bridge | Bast, | oA | Mavur | gy | 7o | Build | Colle | Factor bl
S & sny ol iver ing Halp | ngin ge V. onad
| mahol‘ KU ICU | Lobon | anga
n | Name of Equation unit | chora
& Load(k | Load(k | Load(k | Load(k | Load | Load | Load | Load | Load(k | Load(
N) N) N) N) (kN) | (kN (kN) | (kN) N) kN)
F5=2, | F.§=2. | FS=2. | .. a~: | F8= | F8= | F8= | F.S= | FS=2. | F§=2
5 5 5 Peen ) Oh 25 28 [ 25 5 5
o oo o . Dia= | Dia= | Dia= | Dia= | Dia= Dia=
g g - i D10 1 500m | 500m | 450m | 500m | 600m | 450m
=305 1301 | 1306 | 1~ |@l=|ml= ml=|ml=| ml~ | ml~
i | Ta 17w | asima 12744, 305 | 2600 | 2400/ 2400 | 1677
i - s S . m m [ m [ m m
1 2 3 4 5 6 7 8 9 10
Meyerhof Equation
| E’;l;é:ljgaﬁﬁsgm?dsmﬁ 20;1.1 1 115,2 797.96 | 406923 35?.5 77‘5.1 54:1,4 46;1,5 1049 5 ?0?,3
friction)
Dr. K. R. Arora
Equation (end 2848.1 2622 | 402.8 | 2433 | 2248 741.3
2 bearing + skin 4 956.61 | 343.23 | 3685.22 7 0 3 7 831.6 1
frintian)
1 Hs e 3 I I I L I
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L]

Hansen equation
for end bearing
(clay& sand),
Tomlinson
equation (a
method) for skin
friction for clay &
Burland equation
(b method) for skin
friction for sand

2454.9

1244.0

Lo 07

[rar e

659.1

929.5

6273

604.0

o
e

=]
D

471.8

Vasic’s equation
for end bearing
(clay& sand),
Tomlinson
equation (a
1Ot Ut SR
friction for clay &
Burland equation
(b method) for skin
friction for sand

34428

1244.0

878.40

235241

659.1

929.5

6273

596.9

1337.2

477.6

Jorbu's eanation
for end
bearing(clay&
sand), Tomlinson
equation (a
method) for skin
friction for clay &
Burland equation
{b method) for skin
friction for sand

1691.9
0

1244.0

878.40

4518.79

659.1

929.5

6273

596.9

888.1

318.9
6

Terzaghi equation
for end
bearing(clay&
sand), Tomlinson
equation (a
method) for skin
friction lor clay &
Burland equation
(b method) for skin
friction for sand

2282.1

1689.3
5

1185.3

6149.36

632.2

892.1

612.1

585.0

1091.4

4388

Pile Test load

987 44

OR? 44

082 44

1962 00

882.9

1079.
uo

8829

981.0

1575.0

662.1

Allowable Load
From Load Test

653.33

633.33

55333

1962.00

550.0

1079.
00

4833

616.6

680.00

340.0

Max Settlement
{mm)

8.70

8.99

16.87

5.76

13.23

0.81

13.81

11.50

25.00

14.10

e

Net settlement
(mm)

7.01

7.40

10.575

3.11

8.35

0.56

11.57

9.800

10.65
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7000

n 1. Bastuhara Bridge

2. Bridge in Between bastuhara
6000

l::l and Rayer Mahal
3 3. Rayer Mahal Bridge
I: '.‘ 4. Bridge on Mayur River
£ 5. KU Library Building
5000 Lo 6. KU Male Student Hall
S | 7. KU Agrani Bank Building
¢ 1 8. KMC ICU
l': ?‘ '-_‘ 9. Cement Factory at Lobonchora
: : | 10.Sonadanga
4000 £ L o A
= f l, A3
= 1 1
= ‘ 1" .
8 frr \\3
2 | .
2 3000 \ i l, A1
E R 3
;
2 A \ y 5 W
S, \ ] ;fl /‘ it
2000 i‘-. “

1000 . ,.-’ I. \" 2 . /’@‘\

Different Pile Load Test Placeses

= & = Allowable Load From Load Test
=8 + Meyerhof Equation for clay & sand (end bearing + skin friction)

= &= Hansen equation for end bearing (clay& sand), Tomlinson equation (a method) for skin friction for
clay & Burland equation {B method) for skin friction for sand

=¥ =Vasic's equation for end bearing (clay& sand), Tomlinson equation (a0 method) for skin friction for
clay & Burland equation (B method) for skin friction for sand

= 3=« Janbu's equation for end hearing(clay& sand), Tomlinson equation (o method) for skin friction for
clay & Burland equation (B method) for skin friction for sand

*++@ - - Terzaghi equation for end bearing{clay& sand), Tomlinson equation (& method) for skin friction
for clay & Burland equation (B method) for skin friction for sand

Fig-6.1 Estimated Pile Capacity versus Actual Pile Capacity curve from
Various Equations at Different Placeses in Khulna City Area.
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CHAPTER7
CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

From the present study the following conclusions can be drawn:

(1) On the basis of soil profile the whole area was divided into two zones. The
Zone-I includes west side of the city. In this zone the sub-soil consists of
predominantly silt which is more below than 125 ft depth from G.L. In this zone
up to about 50 to 70 ft depth the soil is of very soft to soft consistency and N-
value ranges from about 1 to 5 in most areas. In sub-soil investigation it was not
possible to find out the depth of sandy layer because boring was not performed
below this depth. There exists an organic layer which is mainly at depth 15ft to
25 ft in most of the areas. In some places this organic layer exists from top of the
existing ground level. Most probably this area was filled up with dumping
garbage and organic sold wastes.

(i1)  The zone-Il includes the east side of the city area. In this zone the sub-soil
consists of predominantly silt up to about 50 ft depth in most areas. The soil is of
very soft to soft consistency ranging N-value from 1 to 5. Below silt deposit, the
soil contains mainly sandy soil. In this zone there exists an organic layer from 10
ft to 20 ft depth in most of the areas of this zone.

(1)  From static pile load test, among 10 load tests, 9 load tests at nine locations did
not fail for 200% load of design load and their maximum settlements were about
16.87 mm. So allowable pile capacities were determined from permissible
settlement.

(iv)  Among all the equations, only Mayerhof’s equation gave the pile capacity at
maximum places which is near the value of load test. Other equations gave much
higher values than load test values. So no suitable common equation was
selected to compare with the pile capacity in both the zones. However, in the
south end of zone-I Meyerhof”s equation gave close value to pile load test for the
four sites in Khulna University area and Mayur bridge
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7.2 Recommendations

The following recommendations are suggested for future study:

()

(i)

(1i1)

There might be a scope for future study for ultimate pile capacity from load
settlement curve obtained from static pile load test & theoretical bearing capacity
calculation for more load tests.

A future study can be initiated to determine the ultimate bearing capacity of pile by
dynamic pile load test.

Pile load tests might be performed up to failure to compare the results with the pile
capacity from different equations.
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Project: Connecting Road from Bastuhara main Road fo City 12
By-pass Road

Client* Khiilna npunhpmnnt Aufhnn'ty {KDA} |

Location: Bastuhara (Bridge-1)
Bore Hole Number : 01 GW.T.3'-0" Sample | Remark
| Depth | Strata Encountered | Bore | SPT | Blow number | US | DS | |
\y vaius 31619 [12|15]18]21]24 [
O ]
: . t | %
Gray very soft clayey silt i
10 | ‘ \ |
15 Black soft decomposed wood [ 1 / | %k
|
| 20 4 \ '
I Cray very soft claycy silt 2 ( I %
25 y iy wy | | l |
g %
30 /\ i |
35 ° %
| =
| % r
45 n | |
- 1 ZR 77
50 I :
\'\ [ 4
55 Gray medium dense silty fine - ) |
sand with trace mica 19 |
60 i |
& | 21 | |
70 o / %
Gray medium dense fine B8R4 2
75 sandy silt :
e W
80 Gray medium dense sitwith iy . / . .
trace clay & trace fine sand W | |
85 |
UNDISTURBED: [2334  SAND: | pnR
DISTURBED: /) ST A TITTI R QAND: [

FIG. A1l  SUB-SOIL INVESTIGATION BORE
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Project: Connecting Road from Bastuhara main Road to City )
By-pass Road
Client: Khulna Development Authority (KDA)
Location: Bastuhara (Bridge-1)
Bore Hole Number : 01 | GW.T.3'-0" Sample | Remark
Depth Strats Encountered Bore | SPT Blow number us | os |
(ft) | Log Value [3TalTaTlinisTirIn o4 [
| | / I &
. Gray medium dense silt with M 20 \\ |
IJ TR il |
trace clay & frace fine sand /
16 17
105 » r %|
| e
| I|
| %
p— == |
7
| .
e I S
UNDISTURBED: (333  SAND: [1]  CLAYEY:

]
DISTURBED: 771  SILT: |29  LITTLE SAND:

FIG. A2 SUB-SOIL INVESTIGATION BORE
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Project: Sub-soil Investigation Bore Log in between 12
Bastuhara and Rayer mahal Area
il = 1
Location: In between Bastuhara and Rayer Mahal
Bore Hole Number : 01 GW.T.2'-6" Sample | Remark
| Depth | Sirata Encountered | Bore | SPT | Blownumber | yg | ps | |
() il i | Value T3 9 [12]15]18]21]24
0 s %
J ‘\\ =
i0 2 \ | | |
J |
15 1 / '
| 20 Gray very soft clayey silt 2 \ !
25 2 l , !
| |
30 z -« | 4 | | |
i N
\ 7
" o 1 Z
Gray medium stiff Silt with 77
05 trace clay & trace fine sand | |
X
50 A -
55 Gray medium dense silt fine \\- i
said wilh irace mica |
AN
l
65 __ |
N Gray loose to medium dense =< %)
silt with trace clay & trace fine = 1'
s sand l
] | |

DISTURBED:

UNDISTURBED: {944  SAND: {1

A sir B

FIG. A3

SUB-SOIL INVESTIGATION
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Project: Sub-soil Investigation Bore Log at Rayer Mahal 11
Bridge
Location: Rayer Mahal Bridge
Bore Hole Number : 01 [ GW.T.0'-0" Sample | Remark
|
(ff) | nn \alie PR '12[:6}23'24'23'32
0 i .
A madl Lo canallion A0 0 A0 5 l
Jiay I HSUIUiE oun & oL \l W
85 clayey silt 8 | |
a0 10 \ , W
AR n I 7
95 i Aaren Qi | Gt 27 e |
Cray medium dense Silt with | ydwy 51 b
100 race Giay & race fine sand ' 26 [ [ | Jl
\ f% 77
105 28 | \
I || %
| 77
ez
| | |
UNDISTURBED: SAND: [ CLAYEY:
DISTURBED: /A SILT TITTLE SAND- [ |

FIG. A6 SUB-SOIL INVESTIGATION

79



Project: Sub-soil Investigation at Mayur River Bridge

12

Location: Mayur River bank (Bridge on Mayur river)

Bore Hole Number : 01 GW.T.0'-0"

Sample | Remark

| Depth | gtrata Fncountered Blow number | )3 | ng | |
(1) 12]16]20]24]28[32 1
0 %%
||_ o . Gray coft clayoy cit % I
| 15| | | ] |
| | || A |
i Black soft clavey silt with trace ; % %
|r o5 ! organic ! l____l !
e B 7
35 L[] ] %
) 7] 7.
—.' i i I. . |
45 I Cray soft o medium oliff | |
gl - e ]|
= o e
| 55 | || | | |
@ | IEEREE N
I I I i | |
3 NI
l 11 i_
70 1 L] E |
‘ ‘ Gray medium dense silt with N ] \*\ I ‘ l i ' ‘ ‘
75 | woecay&mcesinessnd | B b | | N[0 |

TINDIS .
NISTITRRED:  B5ad)

72,

NISTITRREND:

Fi. A/ DSUB-DUIL INVEM LIUATIUN BUKE
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22

Sample | Remark

us‘os‘

Blow number

o) ——

l1alarlanlasalanlan

JI('I
.y e

Project: Sub-soil Investigation at Mayur River Bridge

Location: Mayur River bank (Bridge on Mayur river)

@ 0“
S

| GW.T.0

Bore Hole Number : 01

Depth

PT

Valie

Bore

l'oa

Strata Encountered

Gray stiff to medium stiff clayey
silt

100
105
I

i

T T ¥ Ly - S N
Liuwi oull onLy viay

™

135

[«h]
=
=
=
W
S5
© <L
Feaddd]
o
S
m
m nﬂh [} 9] =
=3 Ty ] 9] w
-— - - - -—

22
Tea

IINDISTIIRRED:

NISTITRRETY

SUB-SOIL INVESTIGATION BORE

FIG. A8
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Project: Sub soil Investigation report for Library Building of
Khulna University

Location: Khulna University Campus

Bore Hole Number : 01

1/1

Sample | Remark

| | |
B [ I [ |
| UUPIJI ; Dlra[a tnmunwrm UIU" uunu.r\..l | Ub I Ub | |
{ft} I Si AILU|4U[4~|]|‘:. i i
n | |
5 I Diack Veiy bUIlUigdlltb Siity blﬂj,. I I } l I ///;// }
10 | trace tine sand ! 1| ! l |
. | | |
| W
| 20 | ;._.._........
. | ZZ
== 1 b |
30 I ‘ | ‘ | |
T e
35 | | | ! |
| 4o | Greyverysoftto soﬁs;ltyclay \i \ i Z) |
| trace fine sand | T 1] % |
|45 A | |
| L[] e
i [ LT T @
| 85| R O O |
. e N |
ou i [ | | | | |
i LIl L
65 '
L mhl- grey mc\rhum otiff o otiff L'Wkl | I I ' | 1
| A S
Clayey sl willl g sdaid
™ Iinn

TR TEY T YT
LA L WINLPLGLS,

FIG: A9 SUB-SOIL INVESTIGATION
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Project: Sub soil Investigation report for Library Building of 11
Khulna University
Location: Khulna University Campus
Bore Hole Number : 01 || GW.T.5-0" Sample | Remark
Depth Strata Encountered Bore | SPT Blow number Us ‘ DS ‘
L e L PN e '
a0 A A A %—1
B o | [N\ L] |
. ]
95 20 L1\ % |
INEEERRENEEEE
= o
| 0 O O s |
= BEEERR 2 !
ol T L |
. ERENNT SN . .
' T e |
L EEEEEENE _
! 1 L ! ! | 1 ! ! %
[T T T TTT T W

- | Ll
| | ] e
] | IRE

UNDISTURBED: SAND: [  crLAvEY:
DISTURBED: WPZ <nt B

LITTIE QAN [

FIG: A10  SUB-SOIL INVESTIGATION
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Project: Sub soil Investigation report for Male Student hall of 12
Khulna University
Location: Khulna University Campus
Bore Hole Number : 01 GW.T.5-0" Sample | Remark
| =t 4 : SSRp—. EEORE AN -
I MNandh —_ . — R L Dhr‘tj oDT | Plaver swe vonnbeme [ e . “ |
v b[ra[a tnwunlerw [T oo LAY Tl Ub Ub
(ft) Value 3TgT12[16]20]24|28]32
0 A
5 i |
Biack very soft organic silty ciay, | T
10 trace fine sand | X 4 | d _E
15 2 ||
|
20 2 |
25 > ||
!
30 2 ||
35 2 l
T
40 3 ||
45 Cray to light gray stiff clayey silt 3 !
trace fine sand ' "
50 3 |
55 4
60 5 i
|
65 6 \
70 8 \
75 ~ 11 \
UNDISTURBED: SAND: CLAYEY:

DISTURBED: SILT: LITTLE SAND:

FIG. A11  SUB-SOIL INVESTIGATION BORE
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Project: Sub soil Investigation report for Male Student hall of 22
Khulna University
Location: Khulna University Campus
Bore Hole Number : 01 | GW.T.5-0" Sample | Remark
|
i Valie =T TiaTiglz0lz4l28 52
80 \
13
\ ? ;
85 15 {Eﬁ%
Ligth grey medium dense sandy g
90 silt, trace clay 18 \ :
95 22 \
\
100 24
|
%
UNDISTURBED: SAND: CLAYEY:
DISTURBED: 7]  snr. LITTLE SAND:

FIG. A12 SUB-SOIL INVESTIGATION
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Project: Sub soil Investigation report for Agrani Bank 12
Bhaban at Khulna University Campus
Location: Khulna University Campus
Bore Hole Number : 01 GW.T.5-0" Sample | Remark
Depth Strata Encountered VS TT Blow number US | DS
(ft) ale 8 [12]16]20]24]28]32
0
5 Grey very soft silt, trace clay
2
Ll Blackish very soft organic silt . ——
15 1 |
20 7 X N I O O 33322 %
25 2
30 2 |
. s —
40 |Gray very soft to very stiff clayey| i 5 \
silt, trace fine sand "
45 4
50 7 %
55 7
60 9 \
65 10 \
\
70 Gray very soft to very stiff 17 N
clayey silt, trace fine sand

75 16

UNDISTURBED:  [ea CLAYEY:

DISTURBED: 2

FIG. A13  SUB-SOIL INVESTIGATION BORE LOG
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Project: Sub soil Investigation report for Agrani Bank 2/2
Bhaban at Khulna University Campus

Location: Khulna University Campus

Bore Hole Number : 01 GW.T.5-0" Sample | Remark
Depth Strata Encountered Bore SPT Blow number

(ft) Log | Value [4TgTi2[16]20]24]28]32

80

/
/

-

14
7
85 14 . _.
90 10
g5 | Gray very stiff clayey sil, trace | wiini | 54 I'\
fine sand : \
100 12 | l
105 11 [
[
I'|
110 13 \
Blackish gray very stiff \
115 organic silt 18
Gray stiff clayey silt, trace fine /
120 S 14

UNDISTURBED: 3334 SAND:

DISTURBED: %

FIG. Al14 SUB-SOIL INVESTIGATION BORE LOG
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Project: Sub soil Investigation report of Khulna Medical 11
College

Location: Khulna Medical College Campus

Bore Hole Number : 01 GWT.3-0" Sample | Remark

Depth Strata Encountered SPT Blow number
(ft) Value |3 T5Ti2[16[20[24[28[32
0 _
S Clay Light Brown 4
10 3 PR
B 2 S -
20 Organic Clay black 5 R
25 5
30 Silty Clay Light Gray 5 W
35 5

Fine Sand Gray W
40 9 ,
lay Ligh

i Clay Light Gray 4 %
50 : 7z
55 6
60 Silty Clay Gray ,
65 9
75 8
85 Clay Gray 3
100 8

UNDISTURBED: [333] ~ SAND: [/ CLAYEY:

DISTURBED: 771 SILT: LITTLE SAND: [

FIG. Al5

SUB-SOIL INVESTIGATION BORE LOG
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Project: Sub soil Investigation report of Shun Shing Cement 11
Factory
Location: Lobonchora
Bore Hole Number : 01 GWT.1-11" Sample | Remark
Depth Strata Encountered \;STT Blow number US | DS
(ft) alle "4 T8 T12][16]20]24]28]32
0 :
5 Dark Gray Silty Clay A
Very dark grayish brown
10 organic clay 2
" Dark gray clay, organic traces 5 \
Very dark grayish brown organic| i
2 iy 4
Dark gray clay, organic traces i %
25 i 3
Dark Gray Silty Clay W
30 6
35 Gray silty clay 6 _
Gray clayey silt, sand traces |
40 Y Clayey 6 .
45 Gray silty clay 9 %
50 13
£ Dark Gray Silty Clay e %
Dark gray clayey silt
60 gray clayey %
Gray fine sand, mica traces
65 19
Gray very fine sand, mica
70 traces i
75 Gray very fine sand 10 V7
Gray very sand, mica traces
80 10
UNDISTURBED: [33]  SAND: CLAYEY:
DISTURBED: 771 siLT: [0 LITTLE SAND: [

FIG. A16

SUB-SOIL INVESTIGATION BORE LOG
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Project: Sub soil Investigation report for Polt# 43, Road # 5, 1”1
KDA Sonadanga R/A
;Location: Sonadanga, khulna
Bore Hole Number : 01 GWT.0'-0" Sample | Remark
Depth Strata Encountered Bore | SPT Blow number US | DS
() 20]24]28]32
0
5
Soft Clay ]
. %z
1
15 Soft Organic Clay —/
= Soft Clay
30
35
40
45 Medium stiff Silty Clay with 11 R
frace Sand
50 15 N\
55 20
Dense Silty Sand with trace \
60 Clay 25 |
65 28
Medium dense silty sand with | Soos 777
70 trace Clay ' w
75 ;j

UNDISTURBED: 322! SAND: |

[y

DISTURBED:

FIG. A17 SUB-SOIL INVESTIGATION BORE LOG
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