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ABS1KAC'I 

Khulna is situated at the southwest region of Bangladesh. Due to the variation of soil 
f 1 a cca ant nrant. +1, a t'i r I, ran fill V flat4 +fs tt'ir Pf% ar 17 a i r +, inter1 n + ci is in I. 

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-Il is situated at the east side of Khulna city which includes the area of 
IZL 1;...t...... ....... ...cr.. . ? t....1 r7L..t..... .1:1 
r.1ia11iipuI, pai vi rayci iviaiiiu, r~nulna ivicuizi uii 4!C1, Oullaudliga, icw 

Market, Dakbangla, Borobazar, KCC office area, Baniakhamar, Gollamari, Tutpara, 
Labanchura. 

in zone-i the sub-soil consists of predominantly silt which is 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 I 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 mainly at depth 15fl 
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-I1 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 I 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-TI. 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 = surface area of pile 
A= area of pile tip 
B = dia of pile 
B= width of pile point 
Cu = undrained shear strength 
c = cohesion of the clay in the zone surrounding the pile tip 

= average cohesion along the shaft length 
= critical depth 

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

f= skin resistance 
f = ultimate skin friction 
SF = safety factor 
G'=shear modulus 
Ir= rigidity index 
T. =reduced rigidity index 
k0  = coefficient of lateral earth pressure 
k = co-efficient of lateral earth pressure for bored pile 
L= length of pile 
N = SPT value 
N, Nq, Ny = bearing capacity 
N'q = bearing capacity factor 
Nq'= Janbu's bearing capacity factor 
Q = point (or base or tip) resistance of pile 
Q = shaft resistance developed by friction (or adhesion) between the soil and the pile 
shaft. 
qu = unconfined compressive strength 
lipu =  ultimate end bearing of pile 
q'= effective vertical (or over burden) pressure at pile point. 
S = shear strength 
a = cohesion reduction factor 
- - 11 
- aunesion iactor 

13 = skin resistance factor 
= unit weight of soil 
= effective unit weight computed 
= effective friction angle between soil & pile material 

AL= increment of embedment length 
volumetric strain 

= poisson's ratio 
= effective vertical pressure 

a= vertical pressure or Stress 

4= angle of internal friction of sand 
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CHAPTER 

ii 

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 grairied soils with a 
considerable part of decomposed and semi-decomposed organic matter (Rafizul et al. 2006). 
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 
Engineers in designing economic foundation of any infrasiructui'e (Aiamgit ci 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 hound to consider deep foundation, mainly pile 
foundation. The carrying capacity of pile may be determined by pik 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 The 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 result 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 internal 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 
bearinu (clav& sand: Tomlinson eauation (a method) for skin friction for clay & Burland 
equation (3 method) for skin friction for sand, Vasic's equation for end bearing (clay& 
sand); Tomlinson equation ((t method) for skin friction for clay & Burland equation (t3  
method) for skin friction for sand, Janbu's equation for end bearing(clay& sand); Tomlinson 

- ••• 

friction for sand, Terzaghi equation for end bearing(clay& sand); Tomlinson equation (a 
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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 investigations in field & 
iabotatoty test. f- .eoluillg to tile SOIL puiauletel, tile rJiui1ta city aiea is uiviueu Hi tWO 

zones. One zone contain fully predominantly silt & another zone contain predominantly silt 
& fully sand. 

in respect or soii parameter many more equations are avaiiaoie to rina out inc oearing 
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 Objective 

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 

foundation is not economic in Khtilna region. 

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

To establish the proper soil profile in Khulna city corporation area. 
To find out the carrying capacity of pile foundation by pile load test at some selected 

catis in Khulna  city area. 
i 

,'. , . 
I II I) I', .0 , Ju'. I'. 

. 
})II%.. iuull'..4u4IuaI 111,111 '.JLII'...I%.lIL '..,AI.)LlIl 

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 renorts 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 
arrnlied to know the hearing 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 been cbherved t different dentbc 

The piles are designed by various equations accordinn to Meyerhof, Dr. K. R. Arora, 
Hansen, Vasic's , Janbu's, Terzaghi, Tomlinson & 13ur1and equation for identifying the 
hanri'.aa nnr,nnit'., (Sf c'fi Tara ,ir'.c, asf r,ila innal fac'f +arac't in ha nnrraci gsa at  Th... fac'f 11nc 

been standardized as ASTMD 1143. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 General 

No research work has been done till date for investigation the best suitable equation among 
thp  vnrinm PvlQtino7 pnirntirinc jhi'h i4z mnr iirt ftr nih' dimi rn Whidnq cnil Tr 

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 
l-,aan nrf ,,t; na/I £rr.rn 1 own n + twa a n na.s Tn nrs*% nor. 0/si, to, 1,11 isn, Cn i intl 5+1 (Si, 0 ,,. 1 a rail,, nar +1, a 

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-Il 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. 

Predominantly silt layer. 
Organic layer. 
Sand layer. 

.4 
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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/m3  to 7.2 
kN/m3, specific gravity is 2.66 to 2.67 and cohesion generally varies between 
IJ.OJ IU4/III LU LI. 11 &LN/1IJ . L,)vmv vYnviu UI L11i, td.ycl may LUIIL$ILL baiju iUl.dcL. 

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 is varied between SO to 300U/o  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. 

4 
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2.3 Ca.sL-111-slLu Pties 

A cast-in-situ pile is formed by drilling a hole in the ground and filling it with concrete. The 
may c iiillc ui fuiiitcd 'vy LUIVII16 blICII vi kaW116 lilLy d1 tvuiii. Tic LW11116 May 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 
filling with concrete immediately, or the casing may be driven upon-end, the soil entrapped 
in Cne casing being jeueu OUL auer we urivirig is compieteu. Inc commonly avaiiaoie 
patented cast-in-situ piles are shell (cased) shell less (uncased) & pedestal type. 

Uxa5d pile PaØesta pile shell type plICi 

(a) (b) (c) (d) (e) (f) (9) (h) 

-11 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. 

 

C 
- 

Load 

A - 
--•-- 

Unloading 

.- 'B 

OWN— 

 

I 

Reloading / 

 

V 

D 

Fig-2.3 Load settlement curve 
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2.3 UhulllaLe Load CapaeiLy fiul!! hiidui Load TesL 

The following criteria have been recommended to determine the allowable pile capacity 
lw Nrivn V Nuk (1070 lOOM 

i) The working load shall be considered minimum two-thirds of the load causing 
total settlement of 3 percent of pile diameter. 

1i\ Tho ii,r%rL-;ntY i,i i-ii i- AA + ,_fhir,-k +K lcl i.cit,c, 

net settlement of 1.5 percent of pile diamete;. 
iii) 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. 

Load 

Q) 
Cl) Ultimate Load 

caoacitv 

Fig-2.4 Load - Settlement Curve from Pile load Test 

Load 

I IItnitp I nnrl rnnnritv nt ,1I 

COO 
dcfinci 

Fig- 2.5 Load - Settlement Curve from Pile Load Test 



2.6 DiiTeieiii. ExisLilig EquaLion for Deieiiiiiiiatioii 01 Beariug 
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. 

f3u= a C 
qpu=  Nc  C, 

Where. f 1= Ultimate skin friction 
a= Adhesion factor (table given below) 

C11=qu Undrained Shear Strength 

qpu=  Ultimate end bearing of pile 
i' tiearing capacny ractor br Qeep rounaauon" 
a = Adhesion factor for cohesive soil (Table 2.1) 

The adhesion factor is determined from the corresponding unconfined compressive strength 
based on the Peck, lianson & 1 hornburn (19/3) and are given below 

Table 2.1 Adhesion factor a for cohesive soil 

q11 (tsf) U q (tsf)  q (tsf) a q (tsf) a 

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 1.7 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 

.4. 



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) 

f= 4N/200 tsf 
qpu=  4N tsf 

Where, f,= Skin friction 
= 

N = SPT value 

2.6.2 Di. K.R. Aiuit Suggcscd Jic Fuiiiiuiic Ru Eiid 'ucuiIig 

& Skin friction of Bored Piles in Non-cohesive soil: 

The 1nd csnncitv nfhnred nile n be determined by the fnilowina fcrmiile cuested by 

Dr. KR Arora 

A 

'j' 

Qs 1(k tan6)A, 

Qu=  ( N( )Ap+ i( k Cyv  tan 6) A, 
Qa Q11/F. S 

Dy kN/m2  

D= B *(value  obtained from W vsDIB from Fig: 5.13) 

Where, G= effective vertical pressure :!~ y D(from soil test report) 
k= lateral earth pressure co-efficient for bored pile 
An approximate value of k can be obtained from k = 1 - sin 0 
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 6 can be taken equal to tan 0 (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. 

= effective vertical pressure at the pile toe 
N4= Bearing capacity factor for deep foundations. (Fig: 2.7) 
FS=2.5 

FEIJ 



20 

m 

10 
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0 
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I. ( 1 .1 f.l I ii.,, )fm 11 
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p= angle of internal friction of sand (from below mentioned N- (p table) 

Af 
D= Critical depth (Fig: 2.6) 

Table 2.2 Correlation among N-value, Dr, 4 andy (Bowles 1997) 

N value Coninactness I Relative 
1-• L,ensi Y' Lir 

A.. ,- 

V UI%A..J 
I , TT.. 

weight (pef) 
r  

I F T 

weight 
(kNIm3 ) 

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 

0 
'V 

Fig. 2.6 Relation between Critical Depth & Angle of Internal Friction 
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Fig. 2.7 Relation between Bearing Capacity and Angle of Internal 
Friction 

2.6.3 Dr. K.R. Arora Suggested the Formulae for End bearing 
& skin friction otiiored i'iies in conesive soil: 

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

Q (c N Ap+oc E A) kN 
Qa Q11/F.S 

vv i ICI C, 

oc = 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. 
iiie vwue oi we .tNc uepellus upon uic L'/D 14110 and it vanes 110111 0 to '. i-  vatue 01 

Nc  =9 is generally used for the piles. 
c= cohesion of the clay in the zone surrounding the pile tip. kN/m2  
c= qI2 
q =  Unconnnea compressive strengtn iaoie Li) 

Average cohesion along the shaft length kN/m2  
A= Surface area of pile. 
A= Area of pile tip. 
FSZ=2.5 

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

N-value Condition 
Unconfined compressive 

strenrth a. (tsf 

Below 2 Very soft Below 0.25 
2-4 Soft 0.25-0.50 
4-8 Medium stiff 0.50-1.00 

tirr i.uu-z.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: 

P= A(cNd+ 1 qNqdq+ y'BN) 

A cNc  d= for Cohesive soil (clay) 

A, (ii qN1d 1+ 1YBN)= for Cohesio less soil (sand) 

LUi1CSiOt1 UI UIC uldy UC1tt4Li1 }iiic pulilL. &INItl! 

c= q/2 
cs1  
N= bearing capacity factor for cohesion. A value of N. 9 is generally used for the 
plies. 
d= 1+ 0.4 tan 1  L/B and when 40; c= s; N'=9 
1= 1.0 
q='yL = effective vertical (or over burden) pressure at pile point. 
Nq= bearing capacity factor (Table: 2.4) 
dq= 1+2 tan (1-sin4)2tan'L/B 

lk y'=unit weight of soil kN/m3  
B= width of pile point 
N= 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 eouations 

Ng  N 2 tan(1-sin4)2  
26 11.8 7.9 0.308 
28 14.7 10.9 0.299 
30 18.4 15.1 0.289 
32 23.2 20.8 0.276 

1 ' 

36 37.7 40 0.247 
38 48.9 56.1 0.231 
40 64.1 79.4 0.214 

13 



. iomiinson proposea iii I) a ivietnoa ror K1fl iriction 01 

Bored Piles in Cohesive Soil: 

n 

Skin resistance= YAs fs 
I 

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= ac+qKtan 
Above eauation is not much used in this general form but rather simnlv as 
fs= ac or usu 
a= coefficient (Fig.2.8) 
c= average cohesion for the soil stratum of interest 
- 

 

i= pffectivp nvernae. vertii1 ctrp'cz 

k= coefficient of lateral earth pressure ranging from koto about 1.75 
K= (Ka+FwKo+Kp)/ (2+Fw) 
&effective friction angle between soil & pile material 

.__.... _•__- ,__ -& ------- - - -- a, -. .......--- ----p - .1... ..I P. - - 
flWLIUUIHlJ Ia'..LUI UtLWVCCU auiIcIuii lat.W, U. ØIIU UuIUøIuIU 3llVI 

strength Su 

1, 

1 

0.9 

0.8 

U.b 

0.5 

0.4 

0 50 100 150 200 250 300 350 400 

Su (kPa 

Flu..? R R1ticncbin fiwtnr httween ndheqinn far.thr ii ind iinirind chr 

strength S 



2.6.6 Burland proposed 3 Method for Skin friction of Bored Piles 
in Cohesion less Soil: 

a 
is— r.. q 14110 

Taking f3=k tan6 we can rewrite the equation for skin resistance as 
fs= 3 q 
Since q= effective overburden pressure than 
rs= p(q-qs) 

K
= 

Ka+FwKo+Kp 
(from Table 2.5& 2.6) 

2+Fw 
 

q — y1114.—q/L—e 

P= p1 LqKtan6 
K= coefficient of lateral earth pressure 
F= weighting factor 
q = ettective overburden pressure 
c= average cohesion 

Table 2.5 Ranking active earth oressure coefficient K. 

13  0=26 28 30 32 34 36 38 40 42 

0 0.3905 0.3610 0.3333 0.3073 0.2827 0.2596 0.2379 0.2174 0.1982 

Table 2.6 Ranking passive earth pressure  coefficient Kp 
1 I I I 

13 1 0=26 28 30 32 34 36 38 40 42 

0 2.5611 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: 

A(cNd+ il qNq'dq+ 'y'BN) 

3 R 0 1.33 sinO 
N'q = (exp [(-ø) tanø] tan2  (45°+)lrr i+sinO } 3—sinø 

Ir Irr=r 
1+evi r 

- 
G' _G' 

Ir_ ç 
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Es 
2 (1+ it) 

1-2Ltal 

1L) U 

11=Reduced rigidity index 
'r Rigidity index (Table: 2.7) 
€.= Volumetric strain, when undrained soil conditions exist or the soil is in a dense 
state. c0.0 
N'q = Bearing capacity factor 
G'Shear modulus 
Es= Stress-strain modulus (or modulus of elasticity) 
p.= Poisson's ratio 
S= Shear strength 
a1 =Vertical pressure or Stress 

Table 2.7 Ir value for different tvoe of soil 
Soil Ir 

Sand(D0.5-0.8) 75-150 
Silt 50-75 
Clay I 150-250 I 

')£ o ii.....'.. .c..-. c'..,.i n:i-, :.... 
• LI • t) .1 LilA L/ LI .J .L V L%. LI I.J 3 I '.11 LI I.4 LI %dL4I II 15 LI A U LII 1%4 U II J LI A *..' LJII' .. I V LII 

Cohesion less Soil: 

P= 4.. (N. {.+ 11 nNn'dn+ 

A cN cL= for Cohesive soil (clay) 

A (rl qNqd(1+ y'BN)= for Cohesio less soil (sand) 

NIn'=(tgn,h4-./1 

c= cohesion of the clay beneath pile point. kN/m2  
c= q/2 
c=s11  

A —c 
e 

piles. 
d= 1+ 0.4 tan' L/B and when 0; c= s; N'=9 
11= 1.0 
9yL = CIiCLIIVC ver liLdi 0I UVCI UUIUCII) piessuic di. IIC p01111. 

Nq'= Janbu's bearing capacity factor 
dq= 1+2 tan 4(1-sin4)2taw1L/B 
y'=unit weight of soil kN/m3  
B= width of pile point 

J. N= bearing capacity factor 
L= length of pile 
B= dia of pile 

16 



2.6.9 Terzaghi's Method for End bearing of Bored Piles in 
Cohesive or Cohesion less Soil 

FI-= A(cNs+ qNq + yBNSy) 

q 
 a COS2(45+) 

(0.751T-0/2)tanO  

N= (Nq_ 1 )cotø 
tanø Kpy 

N=( 1) T  

s, s,from Table 2.8 
Ka= from Table 2.9 
Kp= from Table 2.10 

Table 2.8 S. 5y, factor 
Strip Round Square 

s 1.0 1.3 1.3 
10 06  09 

Th1 ') 0 PtI1-inr ''fitu .crth rrccir 
- -------- -------------------------

r  

=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 
C 
.J 

fi nfl I-fl 
J/ 

fi n , 
U..JJ..JU 

fi fin n' 
'.J.J.J I h. 

fi 1 1 fit 
%J...) I .J.J 

fi ' fire 
V..UJ..) 

fi 'S ,Sfl 
U.L.Uh,%J 

fi 'sn nn fi 'SI fl'S 
'J.. J .J 

fi I fifiPi 
V.  L 'JI 

10 0.4134 0.3802 0.3495 0.3210 0.2944 0.2696 0.2464 0.2247 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 
2) U.6999 LJ.)/2/ tL49ib U.4iib U.i4/ U.i4it U.iU/U U.2/)U U.24O) 

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 
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Table 2.10 Ranking active earth pressure coefficient Kp 

4,=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 
ii 1 71L11 1 017, ') 11Q ')12 ')11f ')29c1 1292 c'c 2Q1L1zt 

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 
A 

I I 
fl P P fl 

0.7660 

Ifl 

I 
fl p n 

I 
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•1. 

UI-IAF'1tK i 

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 
Fiuic3.. 

From sub-soil investigation profile, it has been found that Khulna city area is divided in two 
zones Zone-I & Zone-lI as shown in Figure 3. Near about 129 numbers of sub-soil 
investigations were periormeu in rnuina city area. 1-ccoruing to soti types, a common soil 
profile of Khulna city area was drawn as shown in Figure 3.3. 
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/ + lire Service 
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KHULNA
hufna 

22 4'N METROPOLITAN AREA 
U 
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KiIov,tcr KtnThv, S 

Ilaliaghata 

Fig-3. I Khulna City Area Map 

19 



-4 

i'hultala 

nillan 
N. 

Kalabah Dighalia 

t + hu1fJw Station ArrnShata._F, 

uatpur U L 

225 \Jçi •Khalishpur 

Dunfliria? ItntIna DlvkI1 Suusn Rupsa 
U KJti1j1. tc Ltb ?v 

- aJire SIrvlcL 
KhuEcCoIk'. 

SQfldan 
A.--- 

F1Ifta Cfleg4tcch ii - ; - 
• w- Kbulnzr 

K HU LN A \ \
Khu1n.I 

1(otW1t Ii 

METROPOLITAN AREA T' 

Ktorncic KhcIni 

Baliaghata 
( 

A 

Fig-3.2 Location of Zone-I & Zone-Il 
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From sub-soil investigation Zone-I includes the places Daulatpur, Natun Rasta, Bastuhara, 
R,pr Mnh1 Chdk Mpthnrnhwi R' Khidnn I Tnivpritv nrpn (ee firnire ) The cni1 nrifi1e 

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

- sandy silt. Percentage of  sand & clay,  is near about 10% to 15%. So the sub-soil in 
J_J4UJcZLIJUJ may Uc ta,iiicu a jilcUullJlllallLiy 311t.  idy1 zcc IIUIc J.J). 'flicic CAIM'a an 

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 ft 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 lOOft dept but it is not available in whole area of Rayermohal. From Bastuhara to 
(jazir bflita a tFncK sanu layer aeptn zu it to it) it is exists in between 4D It to /U it cleptfl. 
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 is also present all over the whole area and the layer thickness is 5 ft to 25 
ft. The organic layer is present from in between natural ground level to 25 ft depth. 
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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-Il contain up to the depth 50 
ft from natural ground level is predominantly silt than started sand layer. There is exists all 

— over the whole area a thick organic layer, thickness 5 ft to 10 ft. And the organic layer 
L4ILU II%iIII J It ucpttt UI II4LUI dl gLVUIIU layct. 
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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 
dcpih. AN jvciti m aica LJIJt..rdIc vi vigatim, iayi I Hut aiit. 
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Fig-3.7 Sub-soil Profile of Khulna University & Surrounding 

25 



% — r. I • I I * • • rw 

3.3 UO-SO1L UOIIUILKMI 111 Lone-u 

According to sub-soil investigation report the Zone-Il is touched the places, Khalishpur, 
Rvr Mhi1 Khii1ni mptiirnl 'nlleae qnnntinnan RAninichnmnr TnAtn9rc X' I nhon 'hnri 

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 

r*In,4 +h. c.rl cc ni.*vnlr c*trl All fliic r( rsrl rs4' rrr*-,ir --- --- --- --------- -- ------- ---- ---- ----- ---- ------ - ------ -------  -- 
clay exists in between natural around to 25 ft depth (see fitmre 3.9). 
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Fig-3.8 Location Map of Zone-Il 
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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 predominantly silt started from natural ground level & some places sand layer started 
fiuiii iiaiwa iuuiii kvc. Tic ayci nai icu 110111 6UUIIU I-,VCI w OV IL ucpL;I. iii oiiic 

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 
tnicKness.) it to ju it. 

in 1cflulna Mealcal coiiege area the predominantly silt is startect trom natural groundl 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. The thickness of organic layer is variable. Ihickness started from 5 ft 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. 
A11 t1c baiai ;ayi I., auui 33 . Tlic uiaui iayct iiikiic aii uvci  UIC 

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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U1iAY1LK 

FIELD TEST FOR PILE CAPACITY 

/l 1 rrnr.1 

In Khulna city area from sub-soil investigations, according to soil characteristics the area is 
livided in twa nne The 7nneq nr& 7anp_1 Rr 7ane-TT '7(even) nllmhf-rz af czitii nile Arp. 

casted in Zone-I and 3 (three) numbers of situ piles area casted in Zone-TI. 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-Il. 
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Fig4. I Pile Load test points In Zone-I & Zone-Il 
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4.2 Static Pile Load Test 

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

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 

+h t~..St  I,-.,1 +, +h. k,, +h ++ .-..1 

by an anchorage system consisting of reaction piles ;;i: 
in the adjacent ground to provide tension resistance (see diagram). From load test frame the 
hydraulic k applied the test load ma series of increments according to the testing 
A ¼#91.41t ¼#LAt'S1L%..J. A.dALI flJU.%4 Vt t4.. 1ItIAV.¼4 fl*Jfl U. f/A ¼#VA¼ A iflhfllfl.#t.4 U.1flIVJU.I1 4./I. L1AAA'..4 4.411141 4..#fltll4.dt LV? 1'.S¼# tAA# 

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. 

ilavc uccii LCnCu i'vi viiipicivii. rjy piuviuiii.j cU.LUai apE1ILy allu uc1tciIulI vaiuc, 

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 
iellgtn, ariu a quanuncauori ol capacity in uiuicuii or uniuiown son eonuuions. 

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. 
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Fig-4.2 Schematic set-up for Pile Toad Test 
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Fig-4.3 Static Pile Load Test 
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Fig-4.4 Static Pile Load Test 
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Fig-4.5 Hydraulic jack & dial gauge 
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Fig-4.6 Load Settlement curve 

4.2.2 Caring Capacity of Cast-in-situ Pile from Static Pile load Test 

To find out the carrying capacity of Cas-in-sity pile, 10 (ten) numbers of static pile load test 
WUIU avilu at,  vaiiuu in iiiunia LiLy. Thc p14s uc O4sLuIku4, in utwccii 04Stu11414 

& 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 
been faiied in static baa test. i ne appiiea baa was /-vu-/o of design ioaci. 
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4.3 Pile Load TesL on a Pile at Bastuhara Bridge 

A pile load test was done on a pile at Bastuhara Bridge. After completion of static pile load 
tect the WIn"Ancr 1na1 verii o-rn c.ettlement ciirve ic czhnm in Fic 4 6 And the T And 

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 7.0 1mm. The pile was not failed 
ccr orrli,4 021 A') JM 1r.A lrrtn I cvcl M.f ('11r,u it, rc.ci,r.t -f 

settlement. wefound the uItimate load is98OkN 

17ig-4.7 Load versus Gross Settlement Curve of a Pile at Bastuhara Bridge 

Load(kN) 

0 200 400 600 800 1000 1200 

0 

1 

I 
C — 

E 

C 

Fig4.8 Load versus Net Settlement Curve of a Pile at Bastuhara Bridge 

36 



a a fl 1 1 n 
i
1 n * rue LOUU I est uti a rte at a ueauuii ill DetWeell IDastullula 

and Rayer Mahol Area 

ftpl i, ioau tct wa UVIM WI a pi;c at a ivaLiuii III ucLwccl! L)atui1a!a aiiu iaycL JVIaIIVL 

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. 
i-uter completion inc ioau test inc max seuleinerit was iounu o.' mm anu the net settlement 
was 7.401mm. 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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Fig4. 10 Load versus Net Settlement Curve of a pile at a location in between 
p. Bastuhara and Rayer Mahol area 

37 



4.3 Pile Load Test on it Pile at Rayer Maitol Bridge 

A pile load test was done on a pile at at Rayer Mahol Bridge. After completion of static pile 
hd test the fnhlAwino In2t-1 vi-r-am arnzq QPffh-mPnt nnnip i hAwn in Pio 4 11 qnd 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 

-+ ç; I rA f - r A 02') A A') 1.-11 1 A P rnm T , A ,rc' c' \T+ c.ff 1 (' r r fl rcrc'f 

of6mm net settlement the ultimate load is obtained as 830 kN. - 
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Fig-4. 11 Load versus Gross Settlement Curve of a Pile at Rayermahol Bridge 
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e. Fig4. 12 Load versus Net Settlement Curve of a Pile at Rayermahol Bridge 
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4.6 Pile Load Test on a Pile at Mayur River Bridge 

A pile load test was done on a pile at Mayer River Bridge. After completion of static pile 
1-d test the fnflnwinor 1ncd vi-r-om orncc cett1ement riirvp icz chwn in Fia 4 In The citii 

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 

fr 14+1 f w'c hlrv*, +h Prr%t th cignir. ,1 10 + ,.on ka  

ultimate load is 1962 kN auainst the 5.76mm settlement. 

LoaD (KPJJ 

Fi-4 13 1 ôad versus Grnss Settlement Curve nf a Pile at Maviur River Bridge 
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4.7 Pile Load Tesi oii it Piie at. KU Library Buiidiiig 

A pile load test was done on a pile at at KU Library Building. After completion of static pile 
1ed test the 1nd verii (rrn ett1ement niirvp. i'z c&m in Fia 4 14 nnd the I nd vern 

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 

1rA 22') Q( bt..T Pr,'.r, T , s ,rc 11 b.Tr.t cftli .rif ii rt ,, in rorø'+ cf 1 ry, iy 
-----.---- 

. --------------------------.- ________________________ 

settlement the ultimate load is 825 kN. 
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Fig-4. 14 Load versus Gross Settlement Curve of a Pile at KU Library E uilding 
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Fig-4. 15 Load versus Net Settlement Curve of a Pile at KU Library Building 
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rile Luau ICSI. on a rue at KU  iviaie LUUC11L nail 

A pile load test was done on a pile at KU Male Student hall. After completion of static pile 
1nd tect the f11A%win, lnigl vi-.rum errAqv, settlement nimvp is shown in Fier 4 itS The situ 

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 

it +h icmw th. ,i1.* c ri,i'h hr fhir t1 tiir 
rrj - -  

shown as 1079 kN. 
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Fig4. 16 Load versus Gross Settlement of a Pile at KU Male Student hall 
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4.9 File Load TesL on a Fiie ati KU Agraiti Baiik Biiabau 

A pile load test was done on a pile at at KU Library Building. After completion of static pile 
1ncd teczt the fh11cwinor 1nd verzii o-rnz ceftiement 'iirve ic chnwn in Fia 4 17 nnd 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 
c.iti .eiAr +h. lrcl 22) OC 1/NT Pr^m jr,-1 xiarciio t+ f1inf '11r, ir 

of6 mm net settlement the ultimate load is obtained as 725 kN. - 

rig-'.I I Load versus uross Settiement Lurve of a He at icu igrani banK 
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Fig-4. 18 Load versus Net Settlement Curve of a Pile at KU Agrani Bank 
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4.10 Pile Load Tesi on it Pile at. Kiiuiiia Medieai College ICU 

A pile load test was done on a pile at Khulna Medical College ICU. After completion of 
tifi' nile ln1 tect the fnllnwino lnid veri rncc czettlen,ent nrve ic czhnwn in Fic,  4 19 

and the Load versus net settlement curve is shown in Fig. 4.20. The situ pile diameter was 
500 mm & length was 24.39 in. 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 

irflr fh Ifil 021 1,NT lr,'tw, I -rI ,rc'11' M+ M-t1rvn1- r11-1 
6mm 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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Fig4.20 Load versus Net Settlement Curve of a Pile at KMC ICU 



4.11 Pile Load Tesi on a Pile ai. Shuii shin CelIleilL Faciory, 
Lobonchora 

J piic luau LcL Wab uuiic vii a piic 4L 311U11 )iIiil LI1iciIL 1a'.4uIy, zvuuuAiu1a. /- iLci 

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 in. The Test load was 
2207 kN. After completion the load test the max settlement was found above 25 mm. The 
pile was iaiieu unuer me appiieu l0aU. A taiigern is urawri OH tile ioau 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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Fig4.21 Load versus Gross settlement Curve of a Pile at Shun Shin Cement Factory, 
T .nhnnchnrn 
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4.12 Pile Load Test oii a Piie for a Buildiiig at Soiiuduiiga 

A pile load test was done on a pile at a building Sonadanga. After completion of static pile 
1ed test the folinwin(y 1nd vPr,,jiq arnvz qpttlpmpnt iirvp iz hwn in Fio 4 77 nnd the 

Load versus net settlement curve is shown in Fig. 4.23. The situ pile diameter was 450 mm 
& length was 24.39 in. 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 
rrt fi1,cl iitcbr fla .r1iA 1rvA AK') 1'7q I/NT Prnrn I r4 ,r1ic C 1*mrif ('i1r i 

resPect of6mm net settlement the ultimate load is obtained as 5 10. - 
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Fig-4.22 Load versus Gross Settlement Curve of a Pile at Sonadanga 

Fig-4.23 Load versus Net Settlement Curve of a Pile at Sonadanga 
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U1iIAI'1tK D 

PILE CAPACITY FROM EQUATIONS 

c 1 

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. 

cqutuuii (u iiiciio) itab Ucctt UbC;U i'ut tix fk.411 V1 3&111 ftiuuii u ciL iii 

situ pile installed in cohesive soil. 

Burland equation (t3  method) has been used to identify the skin friction of pile and it is 
suitable for cohesioniess soil. 

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 identify the end bearing capacity of pile and it is 
suitable for cohesive soil and cohesionless soil. 
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5.3 Allowable File CapaeiLy of a Fiie i11 BasLuhala iluiii different 

Equations 

I  I lv, cLjuaIutI uicmiui,c in 4ILiic .2 wcic uc.I w 111i uu. iiic piic apa Ly oca P IIV 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 
aoove equauons to unu out me bearing capacity oi pile. Most ot tue cases me bearing 
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 Janbus equation for end bearing for cohesive and 
conesion iess soil, lomlinson equation (U metnoa) tor skin iriction tor conesive soil & 
Burland equation (3 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. 

5 10 15 20 25 30 
PILE LENGTH (m) 

Pile Capacity versus Depth from Various Equations at Bastuhara Bridge 

(end bearing + skin friction) 

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

Hansen equation for end bearing 
/rl.,Q. nel Tnrnlincr,n nn,,tinn 

(a method) for skin friction for clay 
U, uui a, it, c4uaL,u,, ii at, ut,  

skin friction for sand 

Vabit.at4Ud&iJii lVi thU IJCOI 1115 

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

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

iA rn hi,.l\ kin 

friction for clay & Burland 

friction for sand 

- Terzaghi equation for end 

equation (a method) for skin 
triction tor clay & burland 

35 equation(b method) for skin 
friction for sand 
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Summary of allowable bearing capacity of pile  

Hansen Vasic's F 
equation equation 
ftr Pnd fir pnd 6nhi,'q Tpr,obi I 
bearing bearing equation for equation for 
(clay& (clay& end end 

Meyerhof Dr. K. R. 
sand), sand), bearing(clay& bearing(clav& 

Equation Arora 
Tomlinson Tomlinson sand), sand), 
equation (a equation (a Tomlinson Tomlinson - 

sand (end (end 
method) for method) for equation (a I equation (a I 

-I  

2 
0 

bearing + bearing 
+ 

skin skin method) for I method) for I 
skin skin 

friction for friction for skin friction for I skin friction for I I 
friction) friction) 

clay & clay & clay & Burland clay & Burland 
Burland Burland equation (13  I equation (13 

equation p equation p mcmoa) br metnoa br 
method) for method) for skin friction for skin friction for 

skin skin sand sand 
friction for friction for 

sand sand  

LlJUlKIN) LU1Ut,tl.LI) I L,U1UtK1N) I L.OaUiI1'4) I bvaUituN) j Luaur,JN) I 11.1') I i,iuN) 

Dia=750mm, L'30.50m, FS=2.5 

P.5 18.6 13.28 30.97 29.48 
 

30.97 30.97 
466 2936 7217 7217 7217 6734 

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 43.34 137.70 137.70 137.70 131.65  

9 

105 
94.6 

176.0 

35.65 

91.57 

136.96 

246.98 

136.96 

246.98 

136.96 

246.98 
133.87 

231.26  

12 203.9 92.27 266.15 266.15 266.15 253.42  

13.5 382.7 236.27 528.62 528.62 528.62 483.69 

15 435.0 235.58 556.28 556.28 556.28 520.71  

16.5 581.6 346.02 763.95 763.95 763.95 708.66 
18 697.5 420.12 911.35 911.35 911.35 849.26  

19.5 823.7 499.81 1064.83 1064.83 1064.83 995.92  

21 880.1 505.40 1103,53 1103.53 1103.53 1047.55 

L 

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 

SC) C 511CC 1 Sflfl AC SASh 55 5511 Al IttC IC flS"h() 1"? 

I II.I 2394.2 33611.45 I651),Ii 22I).i) 1)S.42 

31.5 2091.2 3088.71 2575.46 3607.71 1757.37 2408.06  

FIR 



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

for clay & Burland enuation (b 
method) for skin friction for sand 

r,i tinn f,,r n11 

bearing(clay& sand), Tomlinson 
equa null r rieti nd) in, 5kin if icuon 

10 20 30 '10 
PILE LENGTH (m) 

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

Pile Capacity versus Depth from Various Equations a place in between 
Bastuhara and Rayer Mahol 

- Meyerhof Equation for clay & sand 
.,. ; 

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

Hansen equation for end bearing 

(clav& sand). Tomlinson eauation (a 

method) for skin friction for clay & 

skin friction for sand 

vasics equation for end bearing 

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

Ih f,,r 

skin friction for sand 
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3.4 Allowable Pile CapaiLy of a Pile in bei,weeii BasLuilara atid 
Rayer Mahal from Different Equations 

iJiiic1c1IL cA1L11J 4UaL1UII aic UcU LU IIIIU UUt uic a!iuwauic ucaiiii apaiLy vi a pitc, iii 

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 in and diameter was 750 mm. The bearing capacity was 
uetermineu at every 1.5 ITt ueptn Of pile irorn various existing equation using soil parameters 
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 in depth 
is about two times fligtier man pile capacities trom pile tests. LnQ bearing anl sKin Triction 
were predicted from Meyerhof equation for both cohesive and cohesionless soils. 
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Rayer Mahal 

P Summary of allowable bearing capacity of ¶ile 
Vic 

equation for equation for 
Janbu's equation Terzaghi end bearing end bearing 

for end equation for end 
Mcycrhof Dr. K. R. (clay& sand), (clay& sand), 

bearing(clay& bearing(clav& 
Equation Arora 

Tomlinson Tomlinson 
sand), Tomlinson sand), Tomlinson - equation (a equation (a 

- 

d san (end (end 
method) for method) for med  for skin  method) for skin 2 

bearing + bearing 
± 

skin friction skin friction 
friction for clay friction for clay 

skin skin for clay & for clay & 
& Burland  & Burland 

friction) friction) 
Burland 

equation (b 
Burland 

equation (b 
equation (b equation (b I 

ni,thrwI\ fc,r d.,n m.th,-,A) frr cLn 

metfloa) ror skin friction 
metnoa) ior 
skin friction 

friction for sand friction for sand 

for sand for sand I 
Load(kN) I Load(kN)  I Load(kN) Load(kN) I Load(kN) Load(kN) I (kN) I (kN) 

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 
F A Z .11 I 't fi 7 In 11 in 11 IA (O  on 

6 75.1 37.75 113.26 113.26 113.26 155.34 
7.5 94.1 43.34 137.70 137.70 137.70 187.65 

9 113.0 48.93 162.07 162.07 162.07 219.96  

1A 117 4114 141 14 1  Ir 1 1,1 141 14 

12 141.6 57.32 202.32 202.32 202.32 273.40 
13.5 246.6 129.32 342.05 342.05 342.05 468.51 

- 15 984.4 1190.42 660.61 748.54 461.43 961.99 
-5 If IAOC 7 10Q) (7 01,1 Al IZ QQ IQ 17 17 IZI 

18 1545.0 2793.52 1048.64 1092.54 654.25 1591.53  

19.5 1594.3 2905.02 1173.32 1223.76 720.25 1785.43 
21 527.5 600.57 497.87 497.87 497.87 680.50 

- 71 277 (Ic7c A70 A7111 7d,ti) 

- 24 685.2 666.97 659.18 659.18 659.18 896.98 
255 817.3 764.14 846.92 846.92 846.92 1155.35 

5 
'.3 

27 918.8 822.16 970.15 970.15 970.15 1321.13 
e InttRo o(c)c1 iic iccn21i 

I '2. I I Z3.( 2..Ik I 235.t .i 490.50 982.42 

•j 31.5 1249.8 1018.59 1369.57 1369.57 1369.57 1858.11 

m 33 1315.1 1034.67 1424.88 1424.88 1424.88 1926.96 
34.5 1376.6 1042.36 1467.95 1467.95 1467.95 1979.53 

A I7c) 1(O7Q 

37.5 1539.3 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 
41) 

43.5  

45  

46.5  
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5.3 Allowable Pile Capauity of a P i.ile a Rayer IVIdIldl uiolli 

different Equations 

11L CAlbUlig cIUUIIS aic ucu Lv IIIIU vut LJIc ajiuwauic vcaiiu i.apaLy UI 4 P11r, a! 

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 
depth of pile from various existing equation using soil parameters at mat point, it was lounu 
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 
rngtier man piie capacities trom pile tests. Lncl bearing anu SKin triction were preciictea trom 
Meyerhof equation for both cohesive and cohesionless soils. 

0 10 20 30 
PILE LENiTH (m) 

----Terzaghi equation for end bearing(clay& 
sand), Tomlinson equation )a method) tor 

skin friction for clay & Burland eauation (b 

40 
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hearina '. skin frirtiorl) 

yr. K. K. Mrora tquation iena oeanng + 

skin friction) 

LI ---------- 

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

method) for skin friction for sand 

-Vasir'cpnijation for nd hparinp (rlav 

sand), Tomlinson equation (a method) for 
skiii ii i LUll JUL clay at Oul idIlU CquoLIUII LJ 

method) for skin friction for sand 

Janbu's equation for end bearing(clay& 
sand), Tomlinson equation (a method) for 
..U;,.. f., r  .1,, 9 0. .,..,, ,.,+i,., I, 

method) for skin friction for sand 

Fig. 5.3 Pile Capacity versus Depth curve from Various Equations at Rayer Mahal Bridge 
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Summary of allowable bearing capacity of pile  

equation for equation or 
Janbu's Tcrzaghi 

end bearing end bearing 
equation for equation for  

(clay& (clay& 
end end  

Mevcrhof Dr. K. R. sand), sand). 
bearing(clay& bearing(clay&  

,l4c,n Ar,nr TIinn TIno,n sand), sand), 

for clay & Equation equation (a equation (a 
lomlinson lomiinson 

sand (end (end method) for method) for 
equation (a equation (a - 

C 

t 0 
-J 

0 4) bearing + bearing ~ skin friction skin friction 
method) for method) for  I  V., 

skin skin for clay & for clay & 
skin friction for skin friction for 

friction friction Burland Burland 
clay &Burland clay & Burland 

equation (b equation (b 
 

method) for method) for method) for method) for 
skin friction for skin friction for skin friction skin friction 

sand sand for sand for sand 

Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 

J Dia=750mm, L=30.60n-i, FS=2.5 
I 7 4 S A 7 

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  

Q 1 I 129'7 (Q') Q7i 

6 56.1 34.95 104.87 104.87 104.87 144.16  

7 75.1 40.54 129.31 129.31 129.31 176.47  

9 147.5 85.98 222.50 222.50 222.50 306.33  

10.5 175.4 86.68 241.77 241.77 241.77 329.82  

0101 )111(1 '1111(1 1111fl 11.1 

- 13.5 266.6 122.33 337.54 337.54 337.54 458.94  

cc 
15 294.4 123.03 356.58 356.58 356.58 482.43  

15 331.3 134.22 392.45 392.45 392.45 530.15  

18 385.7 158.68 452.28 452.28 452.28 611.55  

It inc 4 1 I C I C II nfl .4 fi 1 flfl 4 '7 I fifi .lfl I fli t I C fl.i 

21 450.4 170.57 507.06 507.06 507.06 682.76  

.I 504.8 195.03 566.91 566.91 566.91 764.16  

IM  
24 532.6 195.73 585.80 585.80 585.80 787.64 
25 569.5 206.91 621.63 621.63 621.63 835.36  

_5 
30 

669.3 
760.7 299.19 

12 

835.72 
942.41 

835.72 
94 2.4 1 1 

; 

835.72 
912.41 I 2'2.6 1 

1127.16  

49.0 982.442 

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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3.6 Allowable Pile Cupat.1iy of a Pile mi Mayur river from 

different Equations 

LJiiicIcIIL CAl'b ill1r,  ct.juauu11 asc ucu w iiiiu OUL uic aliuwauic ucatui apat.Ly ut a piic aL 

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 in and diameter was 1000 mm. The bearing capacity was determined at every 1.5 m 
ueptn oi pile irom various existing equation using soii pararrieiers at tnat point, it was iound 
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 in depth 
are 1.2 times higher than pile capacities from pile tests. End bearing was predicted from 
vesic equation br tom conesive ana coriesioniess soils, wnhle tor sKin triction ot conesive 
and cohesion less soils, Tomlinson equation (a method) and Burland equation (13 method) 
respectively were considered. 

Fig-5.4 

- Meyernof tquation for clay & sand 
(end bearing + skin friction) 

bearing+ skin friction) 

(clay& sand), Tomlinson equation (a 
mesnoo) for skin tricuon Tor ciay 
Burland equation (b method) for 
skin friction for sand 

—Vasic's eauation for end bearine 
(clay& sand), Tomlinson equation (a 

Burland equation (b method) for 
skin friction for sand 

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

( f.,r Wn frkt,,n 

for clay & Burland equation (b 
IIIeLiIOCJ) lur sKitl in iciunn iur 5dtIU 

Terzaghi equation for end 
bearing(day& sand), Tomlinson 
eauation (a method) for skin friction 
for clay & Burland equation (b 
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Summary of allowable bearing capacity of pile  

Hansen Vasic's 
equation for equation for Janbus Tcrzaghi 
end bearing end bearing equation for end equation for end 

(clay& (clay& bearing(clay& bearing(clay& 
Meycrhof Dr. K. R. sand), sand), sand), sand). 
Equation Arora Tomlinson Tomlinson Tomlinson Tomlinson - CO  
for clay & Equation equation (a equation (a equation (a equation (a 
sane kena tena metnoo) ior metnoa) ior metnoo ior mctnoa ior tw 

2 0 bearing + bearing ± skin friction skin friction skin friction for skin friction for 
skin skin for clay & for clay & clay & Burland clay & Burland 

friction) friction) Burland Burland equation (b equation (b 
equation (b equation (b method) for method) for 
£IU*J4J &UA 

skin friction 
II*#tJ&SJ.a/ 

skin friction 
OSJS**S#LISJ*L 

sand sand 
for sand for sand 

Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 

- 
Dia=1000,nm, L48.00m. FS=2.5 

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  

4.5 108.02 59.65 154.38 154.38 154.38 145.40  

6 133.33 67.11 187.49 187.49 187.49 177.71  

13&04 !4.30 LLU.LY LLU.Z" LLU.L'.) LIU.UL 

9 183.95 82.02 252.92 252.92 252.92 242.33  

105 223.41 100.66 308.37 308.37 308.37 294.84  

12 269.17 121.17 360.36 360.36 360.36 343.86  

13.5 348.51 165.90 458.96 458.96 458.96 433.90  

I) 44.1,4Z 41O.Z )U'J.01 )t).t)I )OY.01  DJMsl 

16.5 460.47 193.87 557.80 557.80 5570 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 6884  

21 685.24 290.80 800.36 800.36 800.36 765.77  

I)..)i  '+uz.) WI /.:).5 jut /)j lul /..,i 

24 893.16 384.00 1021.85 1021.85 1021.85 978.28  

25.5 1033.38 467.89 1194.07 1194.07 1194.07 1135.80  

27 1142.48 516.36 1311.06 1311.06 1311.06 1249.69  

- 28.5 1270.35 589.06 1466.70 1466.70 1466.70 1396.40  

jU 1i/4.140 O.i./'1 DuLl 1)11.21 1)1/21 1)UO.I) 

31.5 1409.21 600.24 1557.51 1557.51 1557.51 1507.50  

33 15(X).41 631.93 1643.16 1643.16 1643.16 1593.06  

343 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  

I /'JU.tt) I4i./ 8 1928.4) I92.4) 192&4) 

39 1896.37 788.51 2036.87 2036.87 2036.87 1980.54  

40.5 1993.91 823.93 2130.20 2130.20 2130.20 2073.81  

42 2288.24 1083.04 2587.12 2587.12 2587.12 2471.24  

43.5 2422.14 1155.74 2742.33 2742.33 2742.33 2626.33  

4) 2)).U4 122.44 29/.)i 29I.3  

dAc )K2OOt IflI lii flS)7 5fl97 

F 
-l. 40.23 ..22 2.5.4 1 9S .110 1962.00 
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Meyerhof Equation for clay & sand (end 
bearing + skin friction) 

-Dr. K. R. Arora Equation (end bearing + 
kiiu iii..iiuii) 

Hansen equation for end bearing (clay& 
1, 

for skin friction for clay & Burland 
equation )O method) for skin friction for 
sand 

-Vasics equation for end bearing (clay& 

sand) Tomlinson eauation (a mpthnd 
for skin friction for clay & Burland 
C4UOLIIJII 1J IIICLIIUU/ WI III 11111 LLIWI I 00i 

sand 

—.inous equation for end oearing(ciay& 

sand), Tomlinson equation (a method) 
for skin friction for clay & Burland 
l.nII,HIn 1k ..,.k.....i ll .1.. f I.tkll.1 fl.,, 

sand 

41.... 1.... .......I U ------ 
-, 

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

- - - 

eQuation (b method) for skin friction for 
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3.7 Ailowabie File Capaeiiy of a File a KU Library Buikiiiig 

Different existing equations are used to find out the allowable bearing capacity of a pile at 
VII T ihriry Bniklino Fnr ewh eniitii'rn nile anitv iosint denth jc szhwn in Fia 6 

and also in Table 5.5. In this point the sub soil pile 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 in depth of pile from various existing equation using soil parameters at that point. It was 
c,inA f1-s.f rvicc* c +k r,tie ac. csf .f f ii fcw ffrrif 

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 
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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 I 
Hansen equation I  Vasic's equation I I I I 
tor ena tearing for ena tear1ng annu's equation for I 

for end Meyerhof Dr. K. R. (clay& sand), (clay& sand), end bearing(clay& 
bearing(clay& I Equation Arora Tomlinson Tomlinson sand), Tomlinson I - I 

for clay & Equation equation (a equation (a equation (a method) 
sand). Tomlinson 

I 0 
I I 
I I 

sand (end (end method) for skin method) for skin for skin friction for equation (a method) I - 
-J 
0 I 

I 

for skin friction for I .P I 
UU1LI% • 

skin 
U.1il1Il 

skin 
zsat.tlual Lilt tay 

& Burland 
ULL,UIL WI t.IUy 

& Burland 
na a UII1IILU 

equation (b method) 
clay & Burland 

friction) friction) equation (b equation (b for skin friction for 
equation (b method)  

method) for skin method) for skin sand 
for skin friction for 

friction for sand friction for sand  

sand 

LA)UUtK1'4) bOdUiK1'l) 
j 

LoautK1N) L LO4UI,tti') L&fliUt!'JN) 
j 

LOUUIKi'() k1UN) K1'I) 

Dia=500mm, L=27.44m, FS=2.5 

151 
3 

10.36 

16.72 

6.52 

8.39 

17.55 

28.41 

17.55 

28.41 

17.55 

28.41 
] 16.62 

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 

7.5 

9 

56.97 

70.29 

23.15 86.49 

103.93 

86.49 86.49 83.91 

27.65 103.93 103.93 101.08 
10.5 84.67 32.47 122.71 122.71 122.71 119.59 

tw 12 106.88 41.94 147.45 
C  

147.45 147.45 143.09 
13.5 125.75 47.53 165.93 165.93 165.93 161.54 

CO 15 151.25 57.48 193.52 193.52 193.52 188.14 
16.5 174.07 64.31 216.10 216.10 

.0  

216.10 210.69 
18 199.97 73.32 242.49 242.49 242.49 236.57 

1Q c 77r, R7 .,71; R7 ,7c 17 g ic 

21 273.73 103.61 320.42 320.42 320.42 311.26 
22.5 328.69 130.33 380.83 380.83 380.83 368.17 
24 387.77 158.14 444.77 444.77 444.77 429.36 
)CC ACo '7r ifl(iC 11 CC 

27 535.04 247.46 629.89 629.89 629.89 604.22 
28.5 615.07 297.95 729.63 129.63 129.63 699,68 441.45 882.9 

- 
30 706.07 354.80 836.65 836.65 836.65 802.17 
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Summary of allowable bearing capacity of pile  

Hansen Vasic's 
f.fl.,,,f,flfl 

for end 
c.fl,,.t1nn 

for end 
J anbus IerzagflI 

 
bearing bearing 

equation for equation for 

(clay& (clay& end end I 
sand), sand), bearing(clay& bearing(clay& 

Mcyerhof Dr. K. R. 
Tomlinson Tomlinson 

sand), 
... .. 

sand), 
... .. 

I I I I 

for clay & Equation 
equation (a equation (a 

"" 

equation (a 
I 

equation (a I 0 
I - 

I 

sand (end (end 
method) 
for skin 

method) 
for skin method) for method) for I 

0 I 
I I 0 0 bearing + bearing + 

 friction for friction for 
skin friction skin frictton I I 

skin skin 
clay& clav& 

for clay & for clas & 
I 

I 
I 

I I 
I I 

Burland 
equation (b equation (b equation (b 

13ur1and  

I equation (b I I I 

method) method) 
method) for I method) for I I I 

for skin for skin ski n friction I skin friction I I 
friction for friction for 

for sand I for sand 
 

I 
I 

I 
I I 

Load(kN) Load(kN) I Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 
Dia=500nim, L=30.5m, FS=2.5 I 

1.5 1 10.36 1 6.52 17.55 1 17.55 1 17.55 16.62 1  

i j 1.44 'J.' .)I..Th i1.i 6 ii.ia 

4.5 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 86.28 86.28 83.47  

9 
10.5 

72.41 
86.79 

28.27 
33.09 

102.48 
121.26 

102.48 
1 121.26 

102.48 
121.26 

99.63 
118.14  

.2 12 103.84 39.30 143.98 143.98 143.98 140.35  

13.5 123.00 46.14 169.40 169.40 169.40 165.26  

15 145.76 54.68 193.68 193.68 193.68 188.79  

tA Irc 171 ) C A 1 1)1 flC ))1 fl ))1 nr II C An 

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  

21 291.92 115.57 350.74 350.74 350.74 339.35  

22.5 356.76 150.53 427.17 427.17 427.17 411.04  

Z 'fJ.ö.ö iø./F DUJ..0 UJ..L) '4O1..LO 

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  

25 652-0U 328.24 j /91.88 /91.88 L /91.88 /59.19 

30 7'14.33 L 38416 895.15 895.15 595.15 858.92 539.55 1079.00 
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3.9 Allowable Pile CapaciLy of a Pile ai. KU Agiaiii Baiik 

Different existing equations are used to find out the allowable bearing capacity of a pile at 
VIT Ao-rsini 1nk Tnr eh eniiThn nile in'itv ncyn ino denthc i' chn'xm in Fia 7 antI 

also in Table 5.7. In this point the sub soil pile investigation depth was 36 m. The pile 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 
+l+  

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 

f...-S+,..-. c.. t...,t -.,..... .-... i Zcz 
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30 40  

- Meyerhof Equation for clay& sand 

"I 

- Dr. K. K. Arora hquatlon (end bearing + 

ckin frir-tino) 

az,cul ct.juohiu,, F1 iiu ucOl 1115 

(clay& sand), Tomlinson equation (a 
method) for skin friction for clay & 
DUI IdlIU t4UdtlUll 1 lIItLIlUU) IVI Skill 

friction for sand 

F,eir'r 'nnnttnn Fnr nnrl k ,,nr,nn 

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

..,...."-...---.,"-... .... 

friction for sand 

—Janbus eouation for end 
bearing(clay& sand), Tomlinson 
equation a method) for skin friction 
for clay & Burland equation (h 
method) for skin friction for sand 

--Terzaghi equation for end 
bearing(clay& sand), Tomlinson 

Cqu
__.:-.. I- ------ -- 

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

Fig-5.7 Load versus Depth curve from Various Equations at KU Agrani Bank 
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I Summary of allowable bearing capacity of situ pile 

Hansen I Vasic's 
I 
I 

equation 
for end 

equation 
for end Janbus Terzaghi 

I bearing bearing 
equation for equation for 

I 
(clay& (clay& 

end end 

sand), sand), 
bearing(clay& 

I hp,rhc,1 flr c~n -n cqndn 
- Equation Arora 

iomiinson 
equation (a 

iomnnson 
equation (a Tomlinson Tomlinson - 

-ø for clay & Equation 
method) method) equation (a equation (a 0 

-J 0 
sand (end (end 

for skin for skin 
method) for method) for 

o 0. 
I bearing + bearing + 

friction for friction for skin friction skin friction 
I- I skin skin .. for clay & for clay & 

I 
I 

friction) friction) '"'-' 

Burland 
' 

Burland 
Burland Burland 

I e equation  (b equation (b 
equation (b equation (b 

J method) method) method) for method) for 

for skin for skin 
skin friction skin friction 

'-'. 
for sand for sand 

sand I sand I  

Load(kN) Load(1cN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 

Dia=450mm, L26m, FS=2.5 

1.5 17.89 10.90 25.95 25.95 25.95 24.35 

3 20.36 8.81 29.97 29.97 29.97 28.95 

45 26.07 1049 39.55 39.55 39.55 3846 

6 38.92 16.53 61.53 61.53 61.53 59.50 

73 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 1 13.98  

12 112.91 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 17414 71 55 221 17 221 17 221 17 21329 

165 208.07 82.63 253.68 253.68 253.68 245.77 

18 256.09 104.60 304.87 304.87 304.87 294.54 

19.5 306.99 128.85 361.26 361.26 361.26 348.74 

21 381.30 180.10 463.25 463.25 463.25 443.21 

22.5 435.28 203.59 520.24 520.24 520.24 501.14 

24 482.56 220.28 565.63 565.63 565.63 548.68 

7.S S37.86 741.59 618.73 61 9.73 618.73 fl7.7 

22 567.52 248.96 644.52 644.52 644.52 631.90 441.45 882.9 

28.5 618.17 269.86 699.11 699.11 699.11 685.25 

30 668.54 291.16 751.73 751.73 751.73 737.37 

31.5 713.17 307.69 795.67 795.67 795.67 782.03 

33 766.94 335.20 858.45 858.45 858.45 842.85 

34.5 840.72 386.12 958.72 958.72 958.72 936.52 

36 878.79 392.66 988.11 988.11 988.11 971.27 
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3.10 Allowable Pile Capacity of a Pile in Kiiuiiia Medical College 
'CU 

icicljL cAJ,LU IUUjI WC UcU U) 111 (JUL iuc aiiuwauic uc;aiittg tapawty ui a plic aL 

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 
I . J m ueptn ot pile ironi various existing equation using soil paiarneters at mat 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 
5.8 it was found that the predicted loads from equations at 24 in depth are 1.02 times lesser 
tflan pile capacities trom piie tests. tnci 1ear1ng was preaictea trom Hansen equation br 
both cohesive and cohesionless soils, while for skin friction of cohesive and cohesionless 
soils, Tomlinson equation (a method) and Burland equation (P method) respectively were 
considered. 

- Meyerhot Equation tOr clay & sand (end 
- - - - 

bearing + skin friction) 

(U 

0 

E 
E 

skin friction) 

L/t . N. S. A, via c14uei.,vu I (ti IU I/t011 1$ 
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z 
c.... .....,.i c.;._.... 

N 
sand), Tomlinson equation (a method) I'D 
Tor Skin triction tor clay & buriana 

'-4 
equation (b method) for skin friction for (r, 
sand 

4-,  

I- 
-Vasics eaiition for Pnd hesrin (dv& '-I 

sand), Tomlinson equation (a method) (U 
0 

Iv, 3r.11IIIIt.LIUII iv, clay 01 I/uI airu 

U) equation (b method) for skin friction for 
sand 

0 
I- 

- Janbus equation for end bearing(clay& 9- 
sand), Tomlinson equation (a method) (U 

P. 0,1,4 

equation (b method) for skin friction for U) 
sand 

(U 

oE 
Terzaghi equation for end bearing(clay& 

sand), Tomlinson equation (a method) 

for skin friction for clay & Burlanci 
equation (b method) for skin friction for 

30 40 

Fig-5.8 Load versus Depth curve from Various Equations at K.MC ICU 
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Summary of allowable bearing capacity of pile 

1  Hansen I Vasic's I 
'ni,tkn  emistinn  I I 
for end for end 

JiMOUS 1UZdfll I 

bearing bearing 
equation for equation for I I 

(clay& (clay& end end I I 

sand), sand), 
bearing(clav& bearing(clay& I I 

Meyerhof Th-. K. R. 
- Tomlinson Tomlinson sand), 

.,. ,. 
sand). I I 

for clay & 
I 

Equation 
I equation (a I equation (a  

equation (a I equation (a I 0 

sand (end (end method) 
for skin 

I method) 
I for skin 

method) for I method) for 
-j 

I 
0 

o bearing + bearing 
+ friction for I friction for 

skin friction skin frict ion 
skin I skin 

I cla v& I clay& 
I for clay & 
I 

I for clay & 
I I - I Rjr1n,I rI,n.1 - I 

- tiurianci 
I equation (b 

tiuriana 
equation (b 

equation (b 
I 

equation (b 

I method) method) 
method) for I method) for 

I I for skin I for skin 
I skin friction skin friction 

I 

friction for 
OUSSU 

friction for 
owjU t 

I for sand I for sand 

-t Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 

Dia500mm, L=24m, FS=2.5 

2 3 4 5 6 7 8 

3 51.34 24.08 63.25 63.25 63.25 60.19  

4.5 65.43 2765 81.12 81.12 81.12 78.03  

6 80.20 32.0() 100.09 100.09 100.09 96.88  

7S lIfl Si 57 14S4 14547 14547 iRRS 

9 145.19 59.19 171.11 171.11 171.11 164.69  

10.5 177.45 70.84 203.51 203.51 203.51 196.30  

12 242.75 108.43 281.92 281.92 281.92 268.37  

115 

15 

283.44 

326.59 

119.30 

133.75 

316.43 

356.33 

316.43 

356.33 

316.43 

356.33 

304.25 
344.35  

16.5 349.18 131.57 367.74 367.74 367.74 359.63 
18 409.42 164.66 438.32 438.32 438.32 425.01 

19.5 454.58 179.26 479.46 479.46 479.46 466.61 
ZL '1.0L 1.D0 1J.Ib  L'.Ii 

Y) AO7O )flQOfl 1 )) rro11 Z,1jZQfl 

24 164.52 224.87 604.02 596.98 596.98 585.05 490.50 981 
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 

U 
w 
LU 
-J 
-J 
0 

LU 
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5.11 Allowable He Capacity of a Pile at Shun Shin Cement 
Factory, Lobonchora 

Differeni existing equaiions äfe used LU fliid vut Lhe aikiwabc bearing apaiiy of a pile at 
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 in. The pile length was 24 m and diameter was 600 mm. The bearing capacity was 
determined at every 1.5 m depth oi pile trom various existing equation using son parameters 
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 preQlctecl from JanDus equation for botfl coriesive and coliesioniess Soils, wfli!e for SKIn 
friction of cohesive and cohesionless soils, Tomlinson equation (a method) and Burland 
equation (P method) respectively were considered. 
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- ..........ors Equaon (and bearing 

skin friction) 

- --.itkn f.r nd bearir 

(clay& sand), Tomlinson equation (a 

method) for skin friction for clay & 

Burland eo'jtion (b method) for skin 
friction for sand 

- V5ic'S uato fcu cid beaig 

(clay& sand), Tomlinson equation (a 
method) for skin friction for clay & 
Rtirl,.nd Pruiatinn (Ii mthod) for skin 
friction for sand 

Janous equation for eno 

bearing(clav& sand), Tomlinson 

equation (a method) for skin friction 
for city JP.  rIsnd cquaticr. 15 
method) for skin friction for sand 

- Terzaghi equation tor end 

bearin(clay& sand), Tomlinson 

equation (a method) for skin friction 

40 forcy&3rttnd equation (b 
method) for skin friction for sand 

Fig-5.9 Load versus Depth curve from Various Equations at Shun Shin 
Cement Factory, Lobonchora 
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Lobonchora 

Summary of allowable bearing capacity of pile 

Hansen Vasic's 
equation equation 

Janbu's Terzaghi for end for end 
equation for equation for bearing bearing 

end end (thw& (davX' 

Meverhof sand), sand). 
OCdI !JigIU4yo. ueaiugeiuyo. 

Equation 
Dr. K. R. 

Tomlinson Tomlinson sand), sand), 

for clay 
Arora 

equation (a equation (a 
Tomlinson Tomlinson  - M -  

& sand method) method) equation (a equation (a 0 -I 0 

(end for skin for skin method) for method) for c 

bcaring+ 
, 

skin 
friction for friction for 

for clay & for clay & skin 
friction) friction) 

clay & 
Burland 

clay & 
Burland Burland Burland 

equation equation 
equation (b equation (b 

(b method) (b method) method) for method) for 

lör skin ior skin 
~L,;n friti 

friction for friction for for sand for sand 

sand sand  

Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) Load(kN) (kN) (kN) 

L)ia=bUomm, L24m, lS2.5 

4 

1.5 50.33 34.00 65.69 65.69 65.69 61.20 

4.5 77.06 34.9() 98.01 98.01 98.01 93.58 

6 110.89 51.00 137.59 137.59 137.59 130.62 I  

7.5 124.73 50.11 152.27 152.27 152.27 147.10 

9 181.73 82.77 223.02 223.02 223.02 211.69 

10.5 230.22 102.45 273.78 273.78 273.78 260.66 

12 272.99 114.98 312.43 312.43 312.43 299.60 

13.5 346.99 155.69 399.14 399.14 399.14 379.96 
Ui 

15 434.71 
Ui  

210.27 511.12 511.12 511.12 483.88 
U 

16.5 519.99 259.04 614.41 614.41 614.41 582.40 

18 1  577.39 276.93 667.96 667.96 667.96 639.64 
2 

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 
070O7 7A7 '),l 11A A2 n Q,1 Al 1O10O 

21 1049.53 831.58 1189.13 1337.22 888.09 
{ 

1091.40 1716.75 3433.5 
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5.12 Allowable Pile Capacity of a Pile at Sonadanga 

Different existing equations are used to find out the allowable bearing capacity of a pile at 
0  .,nnndnn(Yn Fnr p'h eniitinn nile cnnnritv oin't denthcz ic qhvn in Pi(Y JU nnd nkn in 

Table 5.10. In this point the subsoil 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 
fhf in  ti,- t ,-c c,-,- ec.+ 

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 

1..., +1..,A\ ,..,3 1D....1..S.....1 , fQ 
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method) respectively were considered. 
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Fig-S. 10 Load versus Depth curve from Various Equations at a Building in 
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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 pile capacity from suitable eight equations and another on pile 
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. 

(iL ioi1 1-'rotile of the 1cU(. 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 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 1 5ft 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-Il 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 I 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. 
ThpQp oritprin fcr cqfp nr 1Itmwh1i 1rr1 re (i\ AnhJf rif thp 1td nt  which flp tnt91 

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 
I ac.c.  c'a+-tlarncsnt ,l. .a tn in,l +ar+ +I,c.+  

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 

O 1 0 1 AA 1 11 1 Al 1 1 I 4uauiJ11.,, .ni.... ...,a1,ai l.y ii uiii ..quat1.JIi3 ai i. ....io, 1.0, I.-r-r, 1.., i .u1 1 . ij aiiu L .J t111I.) 

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 
wds sciutcu to eotiipaie wiui ulc pne cap.uity tu vow wc Z011UN. nowevei, iii UIC souul eitu 

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 

Zone Location of Pile Load Test 
Final Load at 

6 mm net 
settlement (kN) 

Allowable 
Pile Capaity 

(kN) 

IT Bastuhara Bridge 980 653.33 
II Bridge in Between Bast'ihara and Raye.r Mahat 950 63133 
II RayerMahal Bridge 830 553.33 
II Bridge on Mayur River - 1962 
II KU Library Building 825 550 
II KU Male Student Hall - 1079 
II KU Agrani Bank Building 725 483.33 
I Khulna Medical College ICU Building 925 616.67 
I Shun Shing Cement Factory in Lobonchora - 660 
I A Building at Sonadanga 510 340 

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

71  
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Mcvcrhof Equation 
&sad, 

201  797.96 4069.23 558.5 775.1 544.4 464.5 
1049.5 

709.3 

ftiction)  

Dr. K. R. Arora 

2 
Equation(cnd 2848.1 

956.61 343.23 3685.22 
262.2 402.8 243.3 224.8 

831.6 
741.3 

bearing + skin 4 7 0 8 7 1 
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Hansen equation 
for end bearing 
(clay& sand), 
Tomlinson 
equation (a 2454.9 1244.0 659.1 929.5 627.3 604.0 471.8 
method) for skin 7 3 

, . 

5 7 3 2 9 
friction for clay & 
Burland equation 
(b method) for skin 

- 
friction for sand 
Vasic's equation 
for end bearing 
(clay& sand), 
Tomlinson 

equation (a 3442.8 1244.0 
878.40 2352.41 

659.1 929.5 627.3 596.9 
1337.2  

477.6 
iuviwjuj Wi srsiii 7  

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

for end 
bearing(clay& 
sand), Tomlinson 

equation (a 1691.9 1244.0 
878.40 4518.79 

659.1 929.5 627.3 596.9 
8881 

318.9 
method) for skin 0 3 5 7 3 8 ( 
friction for clay & 
Burland equation 
(b method) for skin 

- 
friction for sand  

Terzaghi equation 
for end 
bcaring(clay& 
sand). Tomlinson 

6 equation (a 2282.1 1689.3 1185.3 
6149.36 632.2 892.1 612.1 585.0 

10914 
438.8 

method) for skin 5 5 2 2 6 2 5 6 
triction br clay & 

Burland equation 
(b method) for skin 

- 
friction for sand 

7 PikTectltid 9744 9bt44 9R744 167OO 882.9 1079. 882.9 981.0 1575.0 662.1 

- 

u Ut) u u u 8 

8 Allowable Load 
653.33 633.33 553.33 1962.00 550.0 1079. 483.3 616.6 

68000 340.0 
From Load Test 0 00 3 7 0 
MaxSettlemcnt 
(mm) 8 .70 8.99 16.87 5.76 13.23 0.81 13.81 11.50 

25.00 14.10 
0 

1 t 
j(rnm 

Net settlement 
7.01 

__ 
7.40 1 0.575 3.11 

I 
8.35 0.56 11.57 9.800 

{ 
25.0 
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7000 

4 
Bastuhara Bridge 

Bridge in Between bastuhara 
6000 and Rayer Mahal 

Rayer Mahal Bridge 
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, 9. Cement Factory at Lobonchora 
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Different Pile Load Test Placeses 

—. —Allowable Load From Load Test 

—. Meyerhof Equation for clay & sand (end bearing + skin friction) 

- A— Hansen equation for end bearing (ciay& sand), Tomlinson equation (a method) for skin friction for 
clay & Burland equation (13 method) for skin friction for sand 

- —Vasic's equation for end bearing (clay& sand), Tomlinson equation (a method) for skin friction for 
clay & Burland equation (13 method) for skin friction for sand 

- K— - Janbu's equation for end bearing(clay& sand), Tomlinson equation (a method) for skin friction for 
clay & Burland equation (13 method) for skin friction for sand 

• 
-. Terzaghi equation for end bearing(clay& sand), Tomlinson equation (a method) for skin friction 

for clay & Burland equation (13 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: 

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 I 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 I 5ft 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-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 I 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. 

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. 

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. 1-Towever, 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: 

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. 

p. 
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Project: Connecting Road from Bastuhara main Road to City 1/2 
By-pass_Road  

(Iinf Khiiln flpvalrnmanf A,ithnritv (KflA) 

Location: Bastuhara (Bridge-i) 

Bore Hole Number: 01 G.W.T. 3' - 0" Sample Remark 

Depth Strata Encountered Bore SPT L - 
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FIG. Al SUB-SOIL INVESTIGATION BORE 
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Project: Connecting Road from Bastuhara main Road to City 2/2 
By-pass_Road  

Client: Khulna Development Authory (KL)A) 

Location: Bastuhara (Bridge-i) 

Bore Hole Number: 01 G.W.T. 3'  - 0 Sample Remark 

Depth Strata Encountered Bore 
(ft) Log 

SPT 
Value 

Blow 
iF  

number 
 i iT 

US DS 
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-i-  - -r 
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FIG. A2 SUB-SOIL INVESTIGATION BORE 
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Project: Sub-soil Investigation Bore Log in between 1/2 
Bastuhara and Rayer mahal Area  

-.- -.-.- .- ------- -------- _____ 

Blow number 

Location: In between Bastuhara and Rayer Mahal 

Number: 01 G.W.T. 2' - 6" Bore Hole 

Strata Encountered Bore SPT 

Sample Remark 

US DS Depth 

L (tt)J Log Value 
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I r'' 
10 2 I 

7 1 1 
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--- ., 

301 ( 2 
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40 2 -------- 
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sand 11 
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FIG. A3 SUB-SOIL INVESTIGATION 
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Project: Sub-soil Investigation Bore Log in between 
Bastuhara and Rayer mahal Area  

2/2 

Location: In between Bastuhara and Rayer Mahal 

Bore Hole Number: 01 1 G.W.T. 2' - 6" Sample Remark 

Deoth F Qfrnfn Bore SPT 
(ft) I Log Value 

Blow number tic nc 
-  3 1 6 1 9 1 1 211.5119121124 

80 

85 i!i 
irr'e. +r n,rr c' c'if 

%.J  
no with trace day & trace fine sand 

95 

1UU  

I 

1fl : 

110 

120 

130  

£ *dtSjjfl..L'. tLfl 

1s1crr TDDTT. . ._ 

217/2 .1L
.-,..
1. LII 

F J 

16  

4 

20 
 

20 

17 
- 

19  

I 

- 

/ 

- / J I 
I I 

IA 
(iraystilttostfllclayeysflt 

 

15 
 

12 

-- - - - - - - - - 

I -- - - 

I 4.. I 

... _. 

ILt iuNv: 

-
-
- 

I I 

FIG. A4 SUB-SOIL INVESTIGATION 
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No 

Project: Sub-soil lnvesgation Bore Log at Rayer Mahal 
Bridge  

Location: Rayer Mahal Bridge 

Bore Hole Number: 01 G.W.T. Y .011 Sample Remark 

Depth 9  

10 

15 

Strata Encountered Bore 
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value 
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Project: Sub-soil Investigation Bore Log at Rayer Mahal 
Bridqe 

Sample Remark 

Location: Rayer Mahal Bridge 

Bore Hole Number: 01 G.W.T. 0'  - 0"  

Depth 
(ffl 

An 

90 
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FIG. A6 SUB-SOIL INVESTIGATION 
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Project: Sub-soil Investigation at Mayur River Bridge 1/2 

Location: Mayur River bank (Bridge on Mayur river) 

Bore Hole Number: 01 
[ 

G.W.T. 0' - 0" Sample Remark 

Depth Strata Fnmiintered Bore SPT Blow number ti ns 
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Project: Sub-soil Investigation at Mayur River Bridge 2/2 - 

Sample Remark 

Location: Mayur River bank (Bridge on Mayur river) 

Bore Hole Number: 01 I G.W.T. 0' - 0" 

Depth 
(ffl 
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VIii 
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FIG. A8 SUB-SOIL INVESTIGATION BORE 
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Project: Sub soil Investigation report for Library Building of 1/1 
Khulna University 

Location: Khulna University Campus 

Bore Hole Number: 01 G.W.T. 5'  - 0"  SamDte Remark 

traia tncounterea 
Iffi 

1 n 
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Project: Sub soH Investigation report for Library Building of 1/1 
Khulna University 

Location: Khulna University Campus 

Bore Hole Number: 01 I G.W.T. 5' - 0" Samole Remark 

Depth Strata Encountered 
L 

Bore ISPT Blow number us DS 

_Rn V117117A I 
rrn 

85 
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FIG: A10 SUB-SOIL INVESTIGATION 
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Project: Sub soil Investigation report for Male Student hail of 
Khulna University 

1/2 

......t.....- 

Location: Khulna University Campus 

Bore Hole 
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- - - 
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G.W.T. 

'-"-'"-.  
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Project: Sub soil Investigation report for Mate Student halt of 
Khulna University 

2/2 

Sample Remark 

Location: Khulna University Campus 

Bore Hole Number: 01 G.W.T. 5' - 0" 

DePth 
(if) 

Strata Encountered Bore 
I nn 

SPT 
Vhi 

Blow number US[DS 
7 

80 

85 
Ligthgrey medium dense sandy

silt, trace clay 

15 

90 18 
 

95 22  

100  24 

UNDISTURBED: SAND: CLAYEY: 

DISTURBED: SH.T: LI11LE SAND 

FIG. Al2 SUB-SOIL INVESTIGATION 
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Project: Sub soil lnvestigatior report for Agrani Bank 
Bhaban at Khulna University Campus  

1/2 

Location: Khulna University Campus 

Bore Hole Number: 01 G.W.T. 5' 0" Sample Remark 

Depth 
(ft) 

Strata Encountered Bore 
 Log 

SPT 
Value 

Blow number us DS 
2  

0 
5 Grey very soft silt, trace clay 

2  17 

10 Blackish very soft organic silt 

15  : 
 

20 

Gray very soft to very stiff clayey 
silt trace fine sand 

2 

25 2  

30 

3 

2  

35  ME  

:o :  

45  

- 

50 7  

55 7 
 

60 9  

10  

70 Gray very soft to very stiff 
clayey silt, trace fine sand 

17  

75  16  

UNDISTURBED: SAND: CLAYEY: 

DISTURBED: SILT: LITTLE SAND: 

FIG. A13 SUB-SOIL INVESTIGATION BORE LOG 

M. 



Project: Sub soil Investigation report for Agrani Bank 
Bhaban_at_Khulna_University_Campus  

2/2 

Location: Khulna University Campus 

Bore Hole Number: 01 G.W.T. 5' - 0" Sample Remark 

Depth 
(if) 

Strata Encountered Bore 
 Log 

SPT 
Value 

Blow number US  DS 
28132  4 8 12 16 20 24 

80 

Gray very stiff clayey silt trace 

14  

85 14  

:: 11 

100 

finesand  

12  

105 11  

110 

-------- , 

13  

115 
Blackish gray very stiff 

organicsilt 18  

120 

Gray stiff clayey silt, trace fine 

sand 
14  

UNDISTURBED: SAND: CLAYEY: 

DISTURBED: SILT: LITTLE SAND: 

FIG. A14 SUB-SOIL INVESTIGATION BORE LOG 
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Project: Sub soil Investigation report of Khulna Medical 
College  

1/1 

Location: Khulna Medical College Campus 

Bore Hole Number: 01 G.W.T. 3' - 0"  Sample Remark 

Depth 
(ft) 

Strata Encountered Bore 
 Log 

SPT 
Value 

Blow number US1DS 

_ 

4\ 
_ 

10  3  

15 
Organic Clay black 

2  

20 2  

5  

30 Silty Clay Light Gray  

35 

40 
Fine Sand Gray 

45 
Clay Light Gray  

8  

50 

Silty Clay Gray 

8  

55 6  

60 9  

65 

85 Clay Gray 

: --h-----  
_____ 

UNDISTURBED: SAND: [:11] CLAYEY: 
DISTURBED: SILT: LITTLE SAND: 

FIG. A15 SUB-SOIL INVESTIGATION BORE LOG 
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Project: Sub soil Investigation report of Shun Shing Cement 
Factory  

1/1 

Location: Lobonchora 

Bore Hole Number: 01 G.W.T. 1'- 11" Sample Remark 

Depth 
(
ft
) 

Strata Encountered Bore 
 Log 

SPT 
Value 

Blow number US DS 

Dark Gray Silty Clay 

10 

Very dark grayish brown 

organic clay 

 2 
 

15 
Dark gray clay, organic traces 

2  

20 clay 

Very dark grayish brown organic 
 

25 
Dark gray clay, organic traces 

 3 

7. 

30 

Dark Gray Silty Clay 
 ::::::_ 

': 
6  

35 
Gray silty clay 

6 
 

40 
Gray clayey silt, sand traces 

6 

45  Gray silty clay 9 

50 13  

55 
Dark Gray Silty Clay 

is 

60 
Dark gray clayey silt 

13  

65 
Gray fine sand, mica traces 

 19  

70 

Gray very fine sand, mica 

traces 
11 

 

Gray very fine sand 
10 

 

80  

Gray very sand, mica traces 
10  

UNDISTURBED: SAND: [] CLAYEY: 

DISTURBED: SiLT: LITTLE SAND: 

FIG. A16 SUB-SOIL INVESTIGATION BORE LOG 



p

roject Sub sl lnvesgation report for Pol 43, Road # 5] 
KDA Softadafiga R/A  

Location: Sonadanga, khulna 

Bore Hole Number: 01 GW.T. 0 - 0 Sample Remark 

Depth 
(It) 

Strata Encountered Bore 
 Log 

SPT 
Value 

Blow number us os 
4 8 12 16 J 20 24 28132 

0 

Soft Clay 

10 ::::: 

3 

4  

SO 

15 
Soft Organic Clay 

4  

20 

25 
ft SoClay 

30 

35j 

3 

: 

2J 
/ 

ME  

40 I 

I traceSand 
50 

55 

!10 

6 

45 Medium stiff Silty Clay with  

15  

F20  

IMEN 

Dense Silty Sand with trace 
F 60 Clay 25  

65 
Medium dense silty sand with 

70 traceClay 

75 

28  

23  

/ 

22 
 

UNDESTURBED: [, SAND: L] CLAYEY: 

DISTURBED: [] SILT: LETTLE SAND: LI 

FIG. A 17 SUB-SOIL INVESTIGATION BORE LOG 

KE 
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