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ABSTRACT:

In this paper, the determination of bearing
capacity of bored pile using the SPT number and
undrained shear strength is presented. The
advantages of this method are simple and always
feasible, especially for bridge and pier designing in
case of expressway projects constructed on soft
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1. INTRODUCTION

Recently, bored pile has found widespread
applications in many geotechnical problems such as
high building, foundation, bridge and etc. The most
important part has been how to calculate bearing
capacity of pile used to design accurately, effectually.
Efforts have been made to enrich the methods for
determining the bearing capacity of bored piles. It can
be calculated by using SPT, CPT, physical soil
properties [1, 2]. However, it is clear that the bearing
capacity of bored piles is not always determined
because of lack of some parameters. In addition, some
equations are complicated with several components.

Therefore, in this paper, a simple, feasible and easy
method is presented to calculate the bearing capacity of
bored piles based mainly on SPT number and undrained
shear strength. The procedure follows the 22TCN 272-05
standard [3]. This standard is translated from AASHTO
LRFD Bridge design specification 2010 [4].

2. DETERMINATION OF BEARING CAPACITY
OF BORED PILE

2.1. Skin friction capacity

soils. The 22TCN 272-05 standard is used to
calculate bearing capacity of bored pile including
skin friction and end bearing capacities. An
applicable form for calculating the bearing capacity
of bored pile is made. An example is presented
and the applied result is shown.

number, undrained shear strength, skin friction

The ¢ -method, based on total stress, may be used to
relate the adhesion between the pile and clay to the
undrained strength of clay. The nominal unit skin
friction, in kPa, may be taken by:

OJs= & Su
Su = mean undrained shear strength (kPa)
A = adhesion factor applied to Su

The adhesion factor, O, is assumed to vary with the
value of the undrained strength, Sy as specified in Table
1.

Table 1: Values of oL for determination of side
resistance in cohesive soil (Reese and O’Neill, 1988)

Su(Mpa) 5

<02 ; 055
© 03-04 L 042
oamos L 038
© 05-06 L 03
~ 06-07 L 03
~ o0s-08 L 031
"""" >0 1 Asok
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The nominal skin friction of piles in cohesionless
soils, in kPa, as provided in Reese and Wright (1977),
may be taken as:

s =2.8Nif N<53

gs = 0.21(N-53) + 150 if N > 53

where N is the SPT blow number

Therefore, the skin friction capacity of pile, Qs in kN,
is:

Qs = GsAs

where As = surface area of pile shaft (m?)
2.2. End bearing capacity

For axially loaded shafts in cohesive soil, the nominal
unit tip resistance, gp, by the total stress method as
provided in O’Neill and Reese (1999) shall be taken as:

0p = NeSu < 4000
in which

N¢ = 6[1+0.2(Z/D)] < 9

where

D = diameter of drilled shaft (m)

Z = penetration of shaft (m)

Su = undrained shear strength (kPa)

The value of Sy should be obtained within a depth of
2.0 diameters below the tip of the shaft. If the soil within
2.0 diameters of the tip has Su < 24 kPa, the value of Nc
should be multiplied by 0.67.

If Sy > 96 kPa with diameter > 1.9 m and the
settlement of piles is not evaluated, we use gp = gpFr in
which

Fr = 760/(12aDp+760b) < 1, where Dy is diameter of
pile tip
where

a=0.0071 + 0.0021(Z/Dy) < 0.015

b=1.45,/2S, with0.5<b<15

The nominal tip resistance, gp, for drilled shaft in
cohesionless soils by the Reese and Wright (1977)
method shall be taken as:

o = 64N if N < 60
g = 3800 if N > 60

with diameter of pile tip Dp > 1.27 m, use gp =
0p(1.27/Dy)

The end bearing capacity of pile, Qp in kN, is:
Qo = o Ap
where Ap = area of pile tip (m?)
2.3. Allowable bearing capacity

To calculate the allowable bearing capacity of bored
pile, the resistance factors should be taken as tabulated in
Table 2

Table 2: The resistance factors in cohesive and
cohesionless soils

Soil types
Resistance factors

Cobhesive soil Cohesionless soil

Side resistance factor 0.65 0.55

End resistance factor 0.55 0.50

2.4. Group effect

The effect of pile group can be considered by group
effect factor as shown in Table 3 depending on the
distance between piles (D is pile diameter).

Table 3: Group effect factors

Distance between piles 25D 3.0D

3.5D

4.0D 45D 5.0D 55D 6.0D

0.65 0.70

Group effect factor

0.75

0.80 0.85 0.90 0.95 1.00

3. RESULTS OF APPLICATION

The above procedure for calculating the bearing
capacity of bored pile is applied to one boring log as
presented in Figure 1. This is one of the boreholes in Cao

Lanh — Vam Cong high way project. The depth of the
borehole is 80m. According to steps for calculating
bearing capacity of bored pile as illustrated above, an
excel form is established as given in Table 4. As results,
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with pile of 64m deep from the bottom of pile cap, the
ultimate bearing capacity is 15,017 kN. By using
resistance factors of 0.65 for cohesive soil and 0.55 for
cohesionless soil in case of side resistance and 0.55 for
cohesive soil and 0.50 for cohesionless soil in case of end
resistance, the allowable bearing capacity is 8,543 kN.
The designed distance between piles is equal to 3 times
pile diameter, hence the group effect factor is 0.70.
Therefore, the allowable bearing capacity of pile is finally
4,342 KN.

4. CONCLUSIONS

This paper presents the method to calculate the
bearing capacity of bored pile using the SPT number N
and undrained shear strength Su. The calculation
procedure follows the 22TCN 272-05 standard.

Comparing to the other methods, this method has
several strong points as follows:

- The formulas are simple, easy and feasible
- Method of calculation has a high reliability

- The input data obtained from field tests
describes accurately soil conditions in fact

In case of multi-layer soil with sand layer, it is difficult

to take undisturbed sample to conduct laboratory tests for
determining bearing capacity; hence, this method is used.

5. DISCUSSION

It has been known that the bearing capacity of bored
pile is usually determined based on physical properties
of soil. However, sometimes, we have not enough
information, that means soil properties, for calculating.
To overcome this problem, the above method is used
because the input data are always determined.
Moreover, in case of a lack of undrained shear strength
Su or it has not been determined yet; the empirical
equation proposed by Skempton (1957) and Ladd
(1971) can be used as [1]:

for normally consolidated soil:
Sy = 0,0(0.11 + 0.0037PI)
for overconsolidated soil:
Sy = 040(0.23 +£0.04)OCR® 8
where gy, is the effective overburden pressure

Pl is the plasticity index, determined by using ASTM

OCR is overconsolidation ratio

Xac dinh strc chiu tai cia coc khoan bang
gia tri SPT N va strc chong cat khéng thoat

nuwdc Su

e VG Pai Nhat
Trwdng Pai hoc Bach khoa, PHQG-HCM

TOM TAT:

Bai bao giéi thiéu cach xac dinh sdc chju téi cda
coc khoan bang gia trj SPT va stic chéng cét khong
thoét nuéc. Uu diém cua phuong phap nay la don
gidn va luén ludn kha thi, dac biét 1a trong thiét ké
cdu va try cdu cho cac duw an xay dung duwong cao

téc trén nén dat yéu. Tiéu chudn 22TCN 272-05
duoc st¥ dung dé tinh toan stc chiu téi cda coc
khoan bao gém thanh phén stic khang bén va stic
chju mdji. Bai béo gii thiéu mét bidu méu excel dé
tinh toan va mét bai vi du ap dung.

Tor khéa: st chiu tdi, coc khoan, gid tri SPT, stic chdng cét khéng thoat nudc, stic khang bén, stc chiu

mai.
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Figure 1. The boring log
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Table 4. The result of calculation of bearing capacity of bored pile

Project:

Location of
pile:

© INPUT DATA:

Pile name:

Pile length from bottom of
pile cap:

Pile diameter:

© SKIN FRICTION CAPACITY:

Clay

(kPa) Qs = o Su

Sand .
gs=2.8Nif N <=

FkPa) 53

Calculation of bearing capacity of bored pile

CMDCP
CL-A2
CL - A2
63.98 m
15 m

Article 10.8.3.3.1

Article 10.8.3.4.2

s = 0.21(N-53)+150 if N > 53

Side resistance factor:

clay = 0.65

Elevation of bottom of pile-cap:

Elevation of ground level:

Elevation of ground water level:

© END BEARING CAPACITY:

Clay
(kPa):

© Ne=6[1+0.2(Z/D)] <= 9

© Suis within 2D below pile tip

© If Su< 24 kPa, use Nc =
2/3*Nc

Sand
(kPa):

-0.12

1.40

-0.12

0p = NeSu<= 4000

qp = 64N if N<=60

ap = 3800 if N>60

Standard applied: According to 22TCN 272-05

20-
Date: Jul-
12
m Perimeter of pile: 4.71 m
m Area of pile: 1.77 m?

Elevation of pile

- -62.60 m
tip:

Article 10.8.3.3.2

© If Su> 96 kPa with D > 1.9m, use qgp = gpFr

Fr = 760/(12aDp+760b) <= 1, where Dp is diameter of
pile tip

a =0.0071+0.0021(Z/Dp) <= 0.015

b = 1.45*sqrt(2Su) with 0.5 <=b <= 1.5

Article 10.8.3.4.3

© With diameter of pile tip Dp>1.27m, use gp = qp(1.27/Dp)

End resistance factor:

clay = 0.55
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Diameter of
sand = 0.55 sand = 0.50 - Dp= 1.5
pile tip
L Count Elevati
ave o Depth erato Thickness S, Qu(kN)=gs(kPa)*u*L Ne Qu(kN)=gp(kPa)*A
soil a NI Rt GRS Ne a b Fooopmmmmmep e
nam 1ype
e from m m m kPa clay sand modified clay sand
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18]
162 0 1.40
2 -0.60 0.0 clay 46.82 055 8 : : 6 51 0010 | 050 | 1.00 628.49 :
LT il Sl Rl dhleil il nidielliilty Ediediedieliditied nidedleiinid dalle il il el Sadellieii i et i iiedelalt fiididielidl il aftidedel it nldelel ettt
24 -1.00 0.0 clay 46.82 055 1 . . 79 53 0.010 050 1.00 654.95 .
4 -2.60 10 clay 11.70 0.55 L 2970 ) 9.0 6.0 0.013 0.50 1.00 123.99 )
6 -4.60 20 clay 11.70 055 0 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
8 -6.60 20 clay 11.70 0.55 L 6062 ) 9.0 6.0 0.015 0.50 1.00 123.99 )
10 -8.60 20 clay 11.70 055 L 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
12 -1060 20 clay 11.70 055 2 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
1a 14 -12.60 20 clay 11.70 0.55 2 6062 ) 9.0 6.0 0.015 0.50 1.00 123.99 )
16 -14.60 20 clay 11.70 055 2 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
18 -1660 20 clay 11.70 055 2 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
20 -1860 20 clay 11.70 055 8 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
22 -2060 20 clay 11.70 055 8 6062 . 9.0 6.0 0.015 050 1.00 123.99 .
236 -22.20 L6 clay 11.70 0.55 3 4849 ) 9.0 6.0 0.015 0.50 1.00 123.99 )
24 -2260 0.4 clay 26.20 055 2 2715 . 9.0 6.0 0.015 050 1.00 41648 .
4a 26 2460 20 clay 26.20 055 4 135.74 . 9.0 6.0 0.015 050 1.00 41648 .
28 -26.60 20 clay 26.20 0.55 4 135.74 ) 9.0 6.0 0.015 0.50 1.00 416.48 )
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4c

4e

Ta

3,732.58

5,682.62
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63 -61.60 1.0 sand ~ - 61 - 715.40 9.0 6.0 0.015 0.50 1.00 5,682.62
64 -62.60 1.0 sand R - 56 - 710.46 9.0 6.0 0.015 0.50 1.00 5,359.60
5519 4139 5,359.60
©_GROUP EFFECT: Distance between piles: 3.5%d 4.5%d 5.0*d 6.0*d CALCULATED (kN): 4280
Resistance factor: 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 CHECK: OK
© ULTIMATE BEARING CAPACITY: 15,017 kN © ALLOWABLE BEARING CAPACITY: 8.543 kN © ALLOWABLE BEARING CAPACITY:
— Skin friction: 9,657 kN — Skin friction: 5.863 kN (including group resistance factor =0.7)
—  End-point: 5,360 kN — End-point: 2,680 kN 4342 kN
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