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Common “Mistakes” in Designing of Piles Subjected
to Negative Skin Friction

v’ Mistakes

v Misconceptions

v Misunderstandings

v’ Misinterpretation of CP4:2003
v’ Controversial issues

v Clarifications

v’ Proposals
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Known Facts about Negative Skin Friction

1. Qyg develops when the soil
settles more than the pile.

2. Qg develops when the pile
settles more than the soil.

pile
3. There exists a neutral point

which divides Qs and Qpg

4. It only takes a few mm of
relative movement to fully

mobilise Qygr and Qpg;.

-
—-

NSF Talk by Wong Kai Sin

25 January 2011

Issue # 1 -- Drag Load vs Downdrag

Negative Skin Friction
Shear stress on pile due to
downward soil movement

relative to pile

Drag Load
Force on pile caused by NSF

Downdrag
Settlement of pile due to drag

load
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Issue #2

The soft clay layer is over-consolidated or
fully consolidated under the existing fill.

Therefore, NSF is not an issue.

1. Will there be settlement
under future loading?

2. Do you have control over

future developments?
25 January 2011 NSF Talk by Wong Kai Sin
Issue #3

What happen when Q + Q. >Q, + Q. ?

Qult
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What will happen when ( Q¢ + Qg > Qp, Qpge ) ?

0 2000

Applied Load Qc (kN) Qc

4000 6000 8000 10000 Q

Depth (m)

QpT Qir = Qp+Q

1. No plunging failure until (Q+ NQyg;) = (Qp+Q)-
2. NSFis a settlement problem.

3. Ultimate geotechnical capacity = (Q,+Q).

25 January 2011
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Issue #4

Soft Toe =2 Q,=0 - Friction Pile

Therefore L, = 0.6L,

Soft
Clay

o/ Y(]

25 January 2011

Neutral Point Location

CP4:2003
Friction Pile: L,=0.6L,
End Bearing Pile: L, =1.0L,

L, = thickness of consolidating soil
L, = Distance from cut-off level to n.p.

NSF Talk by Wong Kai Sin 8




CP4:2003
Friction Pile: L, =0.6L,
End Bearing Pile: L, =1.0L,

Neutral Point Location
L, = thickness of consolidating soil

L,, = Distance from cut-off level to n.p.

Depth (m)
o

AXIAL FORCE IN PILE (kN)
- () W
o S

3

5

Soft
Clay

30 =T
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Friction Pile Floating in Soft Clay
L,=0.6L

Pile End Bearing in Stiff to Very Stiff Clay
L,=0.7t0 0.9 L,

Pile End Bearing in Hard Clay

L,=0.9to1.0L,

where L = total pile length

L,= location of neutral point below pile top

L= distance from pile top to stiff

Neutral point of pile end
bearing in clay

Soft
Clay

stratum S

25 January 2011 NSF Talk by Wong Kai Sin 10




End Bearing Layer : Hard Rock

L,=1.0L,

where

L thickness of compressible stratum
s

End Bearing Layer :

L,=0.95L,

Dense Sand N >_50

End Bearing Layer : Sand with N <_50

L location of neutral point below surface

I'n=n|‘s
0.6
('F
0.71- -No.5 WE
’ —— - E K
o.
n 0.8+ m‘—‘f\
No. 1 \‘\N().Z
0.9 >
|W/1‘ 1A
1.0 1 1 L ! ! 1

Average SPT blowcount N at pile tip
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Neutral point of driven pile
end bearing in sand & rock
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Issue #5

NSF should be computed using effective stress method only.

Qc
il | sandFill
ll Soft Clay
c, =20 kPa
| .
Wl oa
T I N =80

T

Q,

25 January 2011
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-method
f,;=B o’

Total stress method can also

be used for clayey soils.

o- method

f,=ac,

12




Determination of Negative Skin Friction in Clay

CP4 : 2003 (Singapore) LTA
Use either a or f method Use effective stress method
o- method [3-method
f.=ac, f;=po’,

Which chart should we use?

25 January 2011 NSF Talk by Wong Kai Sin 13

Determination of NSF in Clay using Total Stress Method

Q
,4# Clay (Fleming et al., 1987)
REROTE | R =0y
i [ . [
Qnsd  sorr where 0= 0.5/ (c,;/ 6,4)*° forc, /o, <1
j { GERY a=0.5/(c;/0,) %% forc, /o, >1
i | ey c,¢ = final undrained shear strength
et | cray i .
7 o, = final effective stress
.
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Issue #6

NSF can be computed using c, values from Sl report.

Q.

o- method

v
v

Sand Fill f.=ac,

c, =20 kPa

Soft Clay

1. Usefinalc,.

OA

N
i
|
[
|

.
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N =80

2. May not be appropriate to use
current c,. It depends on the
state of consolidation and the
long term effective stress.

NSF Talk by Wong Kai Sin 15

Determination of NSF in Clay using Effective Stress Method

25 January 2011

Clay (Wongand Teh, 1995)
f=Boy
where B = (¢, / 6,")yc OCR; °°
(c,/ 0, )nc ~ 0.22 for many clays
OCR¢=0," /oy
o, = preconsolidation pressure
o, = final effective stress

For conservative estimation of Q,, higher
unit weights and lower ground water table
should be used.

For conservative estimation of Q,, the
opposite trend should be used.




Issue #7
How to determine NSF in Sand?

v B-method

f.=po’,
B=K,tan d
Use one of following:
1. B=0.35?
2. f,=N?
3. f,=2Nto 5N?
4. f = q./200?
5. f.=q./ 400?

25 January 2011 NSF Talk by Wong Kai Sin 17

Determination of Negative Skin Friction in Sand

i “'!“f' 1. May be appropriate
: 1. B=0.35? for sand above water
T BT RS where OCR>>1.
2. May be too
conservative below
water where OCR= 1.
2. f,=N? )
1. Conservative
3. f,=2Nto5N? for PSF.
4. f,=q,/ 200? 2. Unconservative
for NSF.
5. f,=q./ 400?

25 January 2011 NSF Talk by Wong Kai Sin 18




Determination of Negative Skin Friction in Sand

Q
-method
g f.=Po’,= K tand
Qnst SOFT .
j | CLAY . = lateral earth pressure coefficient
§ = interface friction angle in degrees
o AFHARs™ o, = average effective vertical stress along
psf1|fp CLAY the pile shaft
Q
p
/¢
~(1=sin¢' 0.5 / ] Loose |Dense
Ko (1 -sin ¢") OCR Looslz: g;nse sand / rough concrete 1 1
Large displacement piles 1 2 sand / smooth concrete | 0.8 1
Small displacement piles | 0.75 | 1.25 sand / rough steel 07 | 08
Jetted piles 0.5 | 067 sand / smooth steel 0.5 0.7
Bored piles 0.67 1 sand / timber 0.8 0.9
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Issue #8

For piles subjected to NSF we only need to
check the following according to CP4:2003.

Structural
Q¢ +MN Quge < Qu 51 = fuA/Fs

where F, = 4 for concrete

25 January 2011

Geotechnical

Qc +1M Quge < (Qp, Qpse) / Fs
where F,=2.0 0r 2.5

n=0.67or1

Need to check: Q.= (Q,+Qg) / Fs

NSF Talk by Wong Kai Sin
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Issue #9
Is it necessary to consider self-weight of pile?

nQNSFl
SOFT l
GLAY Qc + W' + Quse l
gIL\ARYD QPSFT T QPSFT
Q]
Q
For 300x300 RC pile with L,;=20m, W’,;.= 2.5 t.
For 1.2m diameter bored pile with L =30m, W’ ;.= 50 t.
25 January 2011 NSF Talk by Wong Kai Sin 21

Issue #9
- SSieaTenld
Qnsf SOFT
GLAY QC + W'pile + QNSF
HARD
el HARD [ |
Qp

Theoretically W’ should be included in the design.

pile

25 January 2011 NSF Talk by Wong Kai Sin 22
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Issue #9

Practically, it may not be necessary to include W', .
depends on how we compute Qy; . A conservative Qy;
can easily covered W'

It

pile *
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Evaluation of Soil Parameters for Negative Skin Friction
(Wong and Teh, 1995)

AXIAL FORCE IN PILE {kN) AXIAL FORCE IN PILE (kN) AXIAL FORCE IN PILE (kN)
s 8 8 g g8 g s 3 8 &
o & & 8 - & & 8 - 8 8 8 8
o (=3 o
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— Computed N
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23 28 |
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o
8 &
£ 3 (=3 I
Norway Tokyo Bay Bangkok
(Bjerrum et al., 1969) (Fukuya et al., 1982) (Indraratna et al., 1992)
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Evaluation of Soil Parameters for Negative Skin Friction
(Wong and Teh, 1995)

AXIAL LOAD IN PILE (kN) AXIAL FORCE IN PILE (kN) AXIAL FORCE IN PILE (kN)
- - N - N - -
- 8888 . 8 B & . 8 8 8
o o o
= Measured
- 5 — Computed
L o . N
)
78 78 3 ‘
3 2 3
i 8
w
o 8 i
"
3 3 8
Melborne End bearing pile Floating friction pile
(Walker & Darvall, 1969) Japan (Nishi & Esashi, 1982)

25 January 2011 NSF Talk by Wong Kai Sin 25

Evaluation of Soil Parameters for Negative Skin Friction
(Wong and Teh, 1995)

AXIAL FORCE IN PILE (cN) AXIAL FORCE IN PILE (kN) AXIAL FORCE IN PILE (kN)
- - N — - N N
- 8888 .B8E8EE _szzEgy
o o (=]
i = Measured
a 2 — Computed
’ 3
g8 1 g8 g | \
] ] T\
38 . 38 38
] ] ]
3 8
| ] g | s
3 3
Closed-end pipe pile open-end pipe pile Closed-end pipe pile
(End bearing) (End bearing) (Floating friction)

Tokyo (Endo et al., 1969)
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AXIAL FORCE IN PILE (kN)

. &8 B &8 Issue #9
’ 7
~ The above comparisons show
10 1 that the current method of NSF
_ computation has implicitly
% " included the self-weight of pile.
= +
%
20 | No need to include W' !
40
|m Measured - Computed
Tokyo Bay, Japan

(Fukuya et al., 1982)
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Issue #10
Bored pile is limited to Grade 30 concrete.
Structural
Qs Qcs +M Quse S Qayysr =feu A/ Fs

where F, = 4 for concrete

CP4 allows only grade 30 concrete?

f,/F, = 7.5MPa

Bored Piles
For piles Use Grade 40 or higher
subjected B)
to NSF Driven Piles

Use as high as possible

25 January 2011 NSF Talk by Wong Kai Sin
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Issue #11
Difficulties with 1 and Fs

Geotechnical
Qc +M Qg S (Qp+Qpg) / F
where F,=2.0 or 2.5
n=0.67or1

What is “n” ?
When to use n =0.67 or 1?
When to use F, = 2.0 or 2.5?

Can we use F = 1.5 if Q, =0?

25 January 2011 NSF Talk by Wong Kai Sin 29

CP4:2003 - Degree of Mobilization “n”

“The negative unit friction along the pile section above the
neutral plane may vary between the fully mobilization value
on the top and a small value close to the neutral plane.”

n=1.0
for low capacity
piles in highly
n=— compressible clay

n = 0.67
for all other cases

25 January 2011 NSF Talk by Wong Kai Sin 30
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Effect of Bearing Stratum Stiffness on Neutral Point

AXIAL FORCE IN PILE (kN)

- N w
8 8 8
Depth (m) o S s S
0 L 4 o
So
- SAND A e
3 Dr = 50% 200
5 o 4
30m 0
—_
CLAY D T
5 o
Y =16 kKN/m r_g r
= —_
B=022 =lad 1
Euw/Cu =200 s
3
=N Sp=87mm
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8 L 39mm
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30 i S o Le
Sp Bz
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Nishi & Esashi (1982) End Bearing Pile Floating Pile

axinl force (1on) axial force (tom)
oo S0 100 150 200 ‘4! 00 S? Il?

T
PR
—————

depth (m)

LTS
)

ot s |

i 19771228

K o o

s :L,{‘{-:,_—‘,’_ i s ;‘ ———— sy
RS f 1 .4

ubs iy )]x."; i !

S st f ey Gants 1 |

depth (m)
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Melborne, Australia
(Walker & Darvall, 1969)

Axial Force in Pile (kN)

0 1000 2000
0 | T
‘E 10
- N>
2
8 \\\\\
Y R >
20 o
30 +—
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Difficult to justify
n=0.67!
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“u . n

Degree of Mobilization “n

The negative unit friction along the pile section above the
neutral plane may vary between the fully mobilization value
on the top and a small value close to the neutral plane.

Q.
Difficult to justify
| 1
n=0.67!
l anNSF st ’
Iy
,,,,, % % \/:\ il - 0_67
T TQPSF Qo \\\\
ol
25 January 2011 NSF Talk by Wong Kai Sin 35

“u . n

Degree of Mobilization “n

! For single pile or piles
/ in group with large
/ spacing:

Usen=1.0

Many LTA tunnels fall
into this category!

25 January 2011 NSF Talk by Wong Kai Sin 36
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! " n

/ n

g Does that mean we
" should not use
n =0.67 ?

25 January 2011 NSF Talk by Wong Kai Sin
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Validation of 3-D Analysis for Pile Group

% Subjected to Downdrag
2.3' (after Jeong and Briaud, 1994)
e
(After Okabe, 1977)
Single Pile Pile Group
N g
PRI — [ predicted = observed —] 4 N\ Tq ]
] -‘_\\
154 - - 5
€ . .\\ E
z Single pile - £ =
R .\ Qus:=7000 kN _ S _
- S o
-
9 a5
¥
T T T T T T T T T 40
-1000 1000 3o S000 7000 000 ~1000
Axdal Force, kN Axial Force, kN

“corner” pile

Q<3500 kN
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Effect of Bearing Stratum Stiffness
(Jeong & Briaud, 1994)

End Bearing Pile
(s/d =2.5)

Fn/Fin

25 January 2011

as

zZ/L

Friction Pile

(s/d = 2.5)
% 0Qg o
00O
<3 o
o n=0.6
s
a6 1'
a7
Q84
1 2 3
a0
o a2 a4 as as
Fn/Fin
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Group Reduction Factor "n"

’ Downdrag = n Qy; wheren~0.5to1 ‘

o o
(2] co
et

o
~
N

Reduction Factor 1)

(=]

0" —
0 20 40 60 80
Ln/d

2 Corner Pile -- Based on AlJ l i

100

Foundation Code 2004 (Hong Kong)

Use group reduction factor n = 0.85

c':\:\\ (a) 0o0a0o
1\
1\
e .’ X ogo
o5 v\\ ooo
EY LN 2 3
ou{ ¢\ N
o |\
0,1‘ ‘l \
L b
o '*,} \
o &
| L) \2 3
o \ \
| \
.D o2 0« cs o
Fn/Fin
40
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Degree-of Mobilization “n”

Group Efficiency Factor

; For piles in group with
small spacing:
! Use 1 = 0.67
25 Januar y 2011 NSF Talk by Wong Kai Sin 41

“u..n

Degree of Mobilization “n
or
Group Efficiency Factor “n”

Single Piles or Piles in Group with Large Spacing

n=1.0

Piles in Group with Small Spacing
n =0.67

25 January 2011 NSF Talk by Wong Kai Sin 42
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Geotechnical Capacity of Piles subjected to NSF

No NSF
QALL = (QP+QPSF)/2'5

or
Quu = Qp/3+Q5/15

With NSF
Q. +1 Qs < (Qp, Qpgf) / (2 0r 2.5)

Can we also use:
Qc +M Qus £ Q;/3+0Q,/157?

1. What are the implications on pile capacity?
2. Is it supported by code?

25 January 2011
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1m ¢bored pile
Grade 40 concrete

25 January 2011

Which factor of safety should we use ?

Qc +MQyg < (QP+ QPSF) / Fs

B
n=1.0 Nn=0.67
15 253 346
2.0 119 212
2.5 39 132

What are the corresponding
settlements?

NSF Talk by Wong Kai Sin 44
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L2

Pile Settlement due to NSF

Q. Qc

Qs

—>——> > ——> ——> —»
— > ——>——> —> —

A

25 January 2011
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1m @bored pile
Grade 40 concrete

Pile Top Settlement (mm)

1415 kN

25 January 2011

50

100

150

200

250

300

350

400

450

500

What factor of safety should we use ?

Qc + T]QNSF < (QP+ QPSF) / Fs

Applied Load on Pile Qc (kN)

0 2000 4000 6000 8000 10000 12000
'; No
downdrag

1 F=20
| Fe=15
| Case 1 (n=1.0)

Fg 2.5 2.0 1.5 1.2 1.0

Q. (kN) 390 | 1190 | 2530 | 3870 | 5200

| A (mm) 6 10 17 29 58

NSF Talk by Wong Kai Sin 46
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What factor of safety should we use ?

1m g bored pile ’
Grade 40 concrete

Qc + NQusr < (Qp ., Qpsr) / F ‘

Applied Load on Pile Qc (kN)
0 2000 4000 6000 8000 10000 12000

o ‘ ‘ ‘ ‘
50
downdrag
100
150 Fs=1.5 With
£ F=12 downdrag
£ 00 | Fe1.0
£ 5= 1
[
E 250
£
3
2 300 A
e w0 Case 1a (n=0.67)
2 |
» F 25 | 20 | 15 | 12 | 1om
1415 kN Q. (kN) | 1320 | 2123 | 3460 | 4797 6135
S Amm) | 7.3 | 104 | 177 | 32 73
500
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1m gbored pile What factor of safety should we use ?
Grade 40 concrete
Ground water ’ Qe + NQysr < (Qp . Qpse) / F
lowered by 2m.
Q. Applied Load on Pile Qc (kN)
0 2000 4000 6000 8000 10000
om L'L 0 ‘ ‘ ‘
- M| sand f=15kpa t1
= 50 ;
F=20 | No \
NQyse= l l Soft Clay 100 F=1.5 downdrag
2820 kN =
B=0.22 - Fe=12 \
l l _ F= 1.0 With \
£ downdrag
31m £ 200
Qpg; = T T Hard Clay E 250
6625 kN T T ¢, =200 kPa f
aIm — g3 Case 2 (n=1.0) \
T T 350
Q=0 F 20| 15 | 1.2 | 10 \
Soft Toe ‘01 q,(kN) | 495 | 1600 | 2700 | 3930 \
450 —1 A (mm) 8 14 25 51 u
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400x400 RC Pile
Grade 50 concrete

Ground water
lowered by 2m.

What factor of safety should we use ?

’ Qe + MQus < (Qp 4 Qpsf) / F

QC Applied Load on Pile Qc (kN)
0 500 1000 1500 2000 2500 3000 3500 4000
Om i 0 - . - * * *
am l l Sand f.=15 kPa ol No
l l Fg downdrag
NQyse = Soft Clay 100 |
1435 kN B=0.22
l l 150 4
E
31m § 200 1
s
Qpge = T T Hard Clay § 250
2030 kN ¢, = 200 kPa g
7T T 2 300 1
41m I
T E 4| Case 3 (n=1.0)
Q=290 200 | F 1.5 1.2 1.0
Q. (kN) 110 500 885
450
A (mm) 10 18 34
500
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400x400 RC Pile What factor of safety should we use?
Grade 50 concrete
I(.-‘:rounddml;ater ’ Qc +MQysr < (Qp ., Qpsg) / F
owered by 2m.
QC Applied Load on Pile Qc (kN)
0 1000 2000 3000 4000 5000 6000
om _¥ 0 : : ‘ ‘ ‘
[ A28
am — W} sandfiiskea | No
l l downdrag
NQuse= [Sio_ftOC;y 10 F=12
1435 kN l l . 150 Fs=1.0
E
31m :E: 200
:
_ T T Hard Clay g 250
Qose = c,=200kpa 3
3374 kN T T 2 300
P Case 4 (n=1.0)
T T & 350
47m T Fs 2.0 1.5 1.2
400
Q=290 Q_ (kN) 245 805 1365 | 1925
B0 L Amm) | 9 16 24 | 38
500 \
NSF Talk by Wong Kai Sin 50
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For Serviceability (SLS) Consideration:

Single Pile or Pile Group with Large Spacing

Fs = 1.5 (non-compliance with CP4)

n=1.0
or
n =0.67

Fs = 2.0 (compliance with CP4)

25 January 2011
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1m ¢ bored pile
Grade 40 concrete

Ground water
lowered by 2m.

Q

om 7
am | sand f=15 kPa
NQuge = l l Soft Clay
2820kN1 l B=0.22
31m
Qg = T T Hard Clay
6625 kN 1Rt c,=200kpa
47m — T

Qp=0

Soft Toe

25 January 2011

Example illustrating effect of
Fs and n on Qg

Qc + NQysr < (Qp ., Qpsf) / Fy

n=0.67
Fs = 2.0 (compliance with CP4:2003)
Q. = 1420 kN

n=1.0
Fs = 1.5 (non-compliance with CP4)

Q. = 1620 kN

Therefore, n=0.67 and Fs = 2 yield
reasonable results for single piles &
piles in group with large spacing.

NSF Talk by Wong Kai Sin 52
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1m ghbored pile Example illustrating effect of
Grade 40 concrete Fs and n on Q;
Ground water
lowered by 2m. Q¢ + NQugr < (Qp , Qpse) / F
Q
1 = 0.67
OM % 1M1 sand 15 kpa Fs = 2.0 (compliance with CP4:2003)
4m ) Q.= 1420 kN
NQyg= l l Soft Clay
2820 kN B=0.22 n=0.67
l l Fs = 1.5 (non-compliance with CP4)
31m Q. = 2530 kN
Qg = T T Hard Clay
6625 kN 1/ ¢, =200 kPa If n=0.67 and Fs=2 are used for pile
47m — T group with small spacing, the
Q=0 computed Q. is conservative. There is
Soft Toe plenty of “fat” in the design.
25 January 2011 NSF Talk by Wong Kai Sin 53

For Serviceability (SLS) Consideration:

Pile Group with Small Spacing
n =0.67
Fs = 1.5 (non-compliance with CP4)
or
n =0.67
Fs = 2.0 (compliance with CP4)

25 January 2011 NSF Talk by Wong Kai Sin 54
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For Failure (ULS) Consideration:

Geotechnical

Q. < (Q,+Qg)/2.5

or

Q. < Q,/3+Q,/1.5

Structural
Q.+ M Qusr S Qup st =Foy A / Fs

where F, = 4 for concrete

25 Januar y 2011 NSF Talk by Wong Kai Sin 55

Issue #12
Difficulties with Load Test on Piles subjected to NSF
Q
max Qm B ?
| : .
{ } O =T
Qs
I
I
T Srop
o)

1. What is the maximum test load?
2. What is the allowable settlement?

3. What is the settlement under NSF?

25 January 2011 NSF Talk by Wong Kai Sin 56
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CP4:2003 & HDB - Settlement at (WL +2Q,,) < 10 mm

Eurocode EC7 : Maximum test load = WL + 2Q,;
Allowable settlement not specified.

Found. Code 2004 (Hong Kong): Max. test load = 2Q+ Q¢
Allowable settlement not specified.

Other - Settlement at (WL + Q) < 10 mm

) ]

V.

TOP

O sl >l » —»
—

25 January 2011 NSF Talk by Wong Kai Sin 57

Why Maximum Test Load = WL + 2Q; ?

Q Qc Quiax Quax  Qurr

T 8rop
Q,

25 January 2011 NSF Talk by Wong Kai Sin 58




Working Pile:

Quax = WL + 21nQye

Preliminary Pile: Quax= Qu;r = Qp + Qg

—

QU T

Q

25 January 2011

Quiax Qfo
S =2 [
Qc + MQyse
I
I
T rop

Q,

What is the allowable settlement?

NSF Talk by Wong Kai Sin
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1m ¢ bored pile
Grade 40 concrete

Ground water
lowered by 2m.

code requirements

Applied Load on Pile Q (kN)

Example illustrating different

10000

Q 0 2000 4000 6000 8000
0 . .
Oom v
— l l Sand f=15 kPa 50 No
100 downdr‘a'g\Q
NQuse= l l Soft Clay - \
2820 kN =o. €
p=o22 E 0 With
l l € downdrag \
E 200
31m E 1N
=
@ 250
Qpg; = Hard Clay ‘g_
6625 kN T T ¢, = 200 kPa 2 0
[}
47m —— b~ \
T 350 \
Q=0 400
Soft Toe \
450 .

25 January 2011

500
NSF Talk by Wong Kai Sin
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Code (.n 1) Maximum Allowable Allowable
Load Settlement (mm) | Load Qc (kN)

CP4:2003 & HDB Q-+ 2Qf -980
Eurocode EC7 Qe+ 2Quf 25 (assumed) 1620
Fdn. Code of H.K. 2004 2Q.+ Qusr 25 (assumed) 2000
Q Qe+ 2nQys = 3700 kN 6300 kN
ppliedLoad (kN)
0 1000 2000 3000 gOUO 5000 6000 7000 8000 9000 10000
v 0 S—— *
= l i Sand f.=15 kPa 20 mm \‘\-J‘,\\
20 =
Qs = oft Cl mm-
;Iazn kN l l ‘;=|:|(_:za.z\r I?EJ
|| &
31m —— E 60 | \
Qpgr= T Hard Clay 'z’_ \
6625 kN T T ¢,= 200kPa 2w } '
a7m — Fa Qe +MQusr < (Qp, Qpse) / F \
a0 1] with Fs=2 and n=1 > Q_ = 500 kN
Soft Toe Wl T T T T [ T T 1
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Long Term Settlement Subjected to NSF
Q=500 kN Q=2000 kN l\pplied Load (kN)
0 l 1000|2000 3000 4000 5000 6000 7000 8000 9000 10000
0 v
8mm _ A= [ T — |
13 mm ,:\_t}f_“_:_ ' \‘\
16mm— ¢ D ~e__
20 N ~
£ T
E 10 . N\
£
o
§ Cod S ttl t
ode ettlemen
| m.
% CP4:2003 & HDB -980
Eurocode EC7 1620 13 1.50 1.00
Fdn Code of H.K. 2004 2000 16 1.37 1.00
Q¢+ NQugr < (Qp, Qpgr) / F 500 8 2 1.00
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Code =0.67 Maximum Allowable Allowable
Load Settlement (mm) | Load Qc (kN)

CP4:2003 & HDB Qe+ 21 Quse
Eurocode EC7 Qct+2nQys; 25 (assumed) 2520
Fdn. Code of H.K. 2004  2Q.+NQug 25 (assumed) 2200

fol

Qg+ 2NQyg = 3700 kN 6300 kN

pplied Load (kN)
0 1000 2000 3000 4000 5000 6000 OO0 8000

9000 10000

i sand f=15 kPa I@ ! ‘\“\_\:ﬂ\
[T
Qs = l l Soft Cl mm- = -
2820 kN 5=u_za; IE“E‘J
(n=0.67) l i g 40
H
31m —— E \
£ 60 ;
Qosr= T T Hard Clay & \
6625 kN T T c,=200kPa g . | 1
47m T g Q¢+ NQyse < (Qp, Qpse) / F
Q=0 "1 With Fs=2 and n=0.67 > Q = 1420 kN
SoftToe T T T T T T T T
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Long Term Settlement Subjected to NSF

2220 kN

1420 kN
0 1000 | 2000

Apptied Load (kN)

l 3000 4000 5000 6000 7000 8000 9000 10000
0
—Te—1_1 !
17 mm ‘?»4- ........... ﬁ \‘\\

20 mm

™

€

E 1 \

€

Qo

g Code Settlement

N

2 (n=0.67) m-

'—

2 CP4:2003 & HDB

a
Eurocode EC7 2520 20 1.50
Fdn Code of H.K. 2004 2200 17 1.62
Qc +MQysr < (Qp 4 Qpge) / F 1420 12 2
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Load Test on Piles Subjected to NSF

Proposed Allowable Settlement at Q+ 2Qyg; <25 mm

Sl =25 mm [ :

8TOP
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Conclusions & Recommendations

1. NSF should be considered, if future settlement is
real regardless of current state of consolidation.

2. NSF is a settlement problem.
3. Ultimate geotechnical capacity 2 Q ;= Q, + Qg

4. Neutral point 2 top of competent stratum
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Conclusions & Recommendations (con’t)

Both a and 3 method can be used.

5

6. Use n=0.67 and Fs=2 in all cases.

7. For bored piles, use Grade 40 concrete or higher.
8

. Self-weight of pile need not be considered in design.
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Conclusions & Recommendations (con’t)

9. For load test on preliminary piles:
Quax = Qs +Qp
* Allowable settlement at 1.5WL< 15 mm
* Allowable settlement at 2WL < 25 mm
* Allowable settlement at Q.+ 2nQy¢ < 25 mm

10. For load test on working piles:
* Quax = Qct 2NQygt
* Allowable settlement at 1.5WL< 15 mm
 Allowable settlement at 2WL < 25 mm

* Allowable settlement at Q.+ 2nQy¢ < 25 mm
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Thank Vou for
your attention !

If you have any comments and suggestions,
please email to me at wks@weks.sg.
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