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Factor of safety

1. Code of practice normally do not specify a value.

2. Code says that the factor of safety be chosen having regard
to the nature of the solil, its variability over the site and the
reliability of the method by which the ultimate bearing
capacity Is determined.

3. An appropriate factor for a single pile would be between
2 and 3.

4. The lower values would be justified by pile tests or local
experience; the higher values when there is less certainty of
the ultimate failure load



Background

1. Over a twenty five year period foundation
requirements have demanded higher working loads
and as such piling works need to accommodate

a. Larger cross section of piles
b. Longer lengths

c. Switch from driven piles to bored piles

2. Carrying capacity of of friction piles arise from
a combination of shaft load and end bearing



3. In the case of driven piles, spun piles have larger section
and higher capacity than the ordinary driven piles of
varying cross section. Large diameter bored piles can
achieve much larger carrying capacity than even the
largest driven spun pipe piles.

4. In heavily over-consolidated London clay an enlarged
base Is used with the bored pile. Such enlargement is not
adopted for bored piles in sedimentary soils alternating
as clay and sand layers and when the piles bear in a water
bearing sand stratum.

5. In the case of driven piles, the pile set is taken as a rough
guide to determine the founding level even in clayey soils.



6. In the case of closely driven piles in soft clays substantial
excess pore pressure can develop due to pile driving and
the piles already driven can undergo substantial heave
and lateral movements.

7. The shaft friction load in clays is estimated by the total
stress method in using an adhesive coefficient o and
this method of calculation is referred to as the a method.
An effective stress approach called the B method is also
adopted lately in estimating the skin friction of piles in
clays. For offshore works a combination of the total stress
and the effective stress called the A method is popularly
adopted for large diameter open ended steel pipe piles
driven to great depths.



8. In the case of sand, the skin friction Is estimated with the
use of a lateral earth pressure coefficient K, the effective
overburden pressure and a friction angle of the soil -pile

Interface taken as a function of the angle of internal
friction of the sand layer.

9. The end bearing of both driven and bored piles can be
determined using the bearing capacity formula for deep
foundations. The bearing capacity factors of Meyerhof is
popular, but for clays the N, value is taken as nine and the
N, value for sand is obtained from the work of Berezantsev.

10. In the case of soft clays, In-situ test such as the vane test is
used to obtain the undrained shear strength in the o
method. For medium stiff and stiff clays, unconfined
compression tests can be used while the UU triaxial tests
are preferred.



11.

12.

13.

In the case of heavily overconsolidated clay such as the
London clay, plate loading tests are done to estimate the
end bearing as well as the undrained shear strength.

Cone penetration tests can be done to estimate the skin
friction and end bearing loads in clays and sands.

Correlations exist with the Standard penetration tests to
estimate the undrained strength in stiff clays and the
angle of internal friction in sand; alternatively the skin
friction and end bearing values of the piles can also be
correlated.



14.

15.

16.

Pile testing is of two types. One to determine the load-
settlement characteristic and the other to determine the
Integrity of the piles. For all major projects load tests are
more or less compulsory and these are divided into
maintained load test (both slow and quick) and

constant rate of penetration tests. The integrity tests range
from pile coring to vibration and sonic testing as well as
radiometric logging.

Chin method can be used to check the integrity of driven
piles as well as to obtain the ultimate load from load tests
terminated at loads lower than the ultimate one. It is

also possible to separate the end bearing and shaft friction
components.

Fellenius list a number of methods which can be used to
estimate the ultimate loads in driven piles.



15. In the case of bored piles in stiff overconsolidated
London clay smooth development of shaft friction and
end bearing with pile displacement was noted and this
was used to establish simple load settlement graph for skin
friction and end bearing and hence the overall load
load settlement characteristics. However in the case of
sedimentary solls, all types of curves are obtained due to
poor construction methods. Nevertheless it is possible to
determine the load transfer characteristics from
Instrumented piles and establish how the skin friction
develops in each layer as well as the end bearing.

16. Base grouting is used in bored piles to strengthen both the
end bearing as well as the skin friction in sandy
formations. However the method calls for very careful

grouting techniques.
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Undrained strength

1. Stress path --strength in plane strain or triaxial extension
IS lower than triaxial compression

2. Orientation-- depends on the orientation of the principal
stresses; anisotropy

3. Size --- In stiff fissured clays, depend on the fissure pattern
and amount

4. Rate --- usually slower rate gives lower strength

5. Sample disturbance-- it can operate both ways;
some time reducing and some time increasing.



Undrained strength

. Different type of tests and different size of samples can give
different values. In particular the values of s, from in situ
tests such as vane, cone pressuremeter etc will frequently
differ from values measured In say triaxial apparatus.

. So In the a method a clear understanding of how s, were
measured is important, when o values are selected.

For soft clays the s, come from field vane tests and for stiff
clays from 38 mm diameter samples and from UU tests

or more usually from unconfined compression tests.



Values of o

1. The values of a vary from 1.5 for soft sensitive clays
to as low as 0.2 for very stiff clays.

2. a reduces with s, and thus when s, depends on so many
factors; the choice of a is rather difficult to be very precise.
Tomlinson goes on to say that o depends on pile length and
the overlying materials through which it has been driven.
The sand dragged down increase the value where as soft
clay dragged down reduce the value.

3. It has been reported that a values can vary very widely even
In one site. For soft clay the variation is reported as 0.4 to 1.0
and in stiff clay from 0.25 to 0.45.



Effective stress
approach-- the B method

1. For most buildings and also for pile testing, the
piles are installed long before the subsequent
activity. Thus the excess pore pressure
during installation would have dissipated. Thus a
drained condition prevalils.

2. The shaft friction at failure 1s

/ /

T = Opg [@ANO+Cyg

where Is the effective angle of interface friction
C, IS the effective interface cohesion
IS the effective horizontal stress



Dividing by the overburden pressure o,

4

Tst Cs
=K tano+—=p
GV cTV

In the B method

/

Ty = Po,

In the oo method

TSf = OCSU



For normally consolidated clay

KO =1- Sin(I)cv If 0 = (I)cv

/

then B — (1_ Sin(I)cv jtan(l)cv

For ¢, varying from 20°to 4Q°
B varies from 0.25 to 0.3. Surprisingly
within small range
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Table 1.2 _Sunhary'of Piling Practice in-Banquk Area

Unit : piles

~ Driven Ple __Béfed ?iie.' _Auger Pressed Pile
Level Buildind-" Bridqe. Buildinq*_Bridqg '{ Building | Bridqe
éé}ﬁ N 1 '16 -1 SERCING e - MR B
Clav‘
stitf ~ {35 | 10 | 17 | -
Clay ' : - -
st Sand | 1 3 | 33 | 4
Layer ' '
2nd Stiff |
fClay o= ' - 17 -
¥2nd Sand _ o \ Lo
layer L - e 46 14
subtotal | 54 13 | 113 18
Total | 67 I 131



Chin’s
method
for
ultimate
load

o0 02 04 06 in
4 SETTLEMENT AT PILE HEAD

Flg 2. Stability plot the bearing capacity
| of pile is skin fnctmn plus end
‘bearing.



i - 8
-, | Y A/Pversus & s
Chin’smethod | b— _”'
for damaged | Pvemss ST
reinforced R I R /}’ N
concrete 2 /) 1
o0\ / b
<! © _ _

0 02 04 06
A: SETTLEMENT AT PILE HEAD

Stability blot;, reinforced concrete pile damaged at joint.



Chin’s method
for

pile diagnosis;
steel pile with toe
badly crushed

AP x 100

3

~ Lood Settlement  " 200

P:LOAD IN TONS

Stabllity Plot

1100 |

 A:SETTLEMENT AT PILE HEAD |
1 -} [} o
0 02 04 06 08 in

Fig. 4. Stability plot; steel pile toe badly crushed.




Fellenius paper
on
Interpretation of
load

settlement
curves

(TONS)

LOAD

300

200 —

100 —

o)

i 1 1

COMPARISON OF FAILURE CRITERIA

EXAMPLE |

BRINCH HANSEN 80% 21l

L CHIN 235

MAZURKIEWICZ 208

FULLER AND HOY 203

UTLER AND HOY 185

DAVISSON 181

90% 205

VANDER VEEN 205
__DE BEER 186 _

0

! |
10 |
MOVEMENT (INCHES)

Fig. 10. Comparison of nine failure critéria

20



‘Load (toni)_

1600 - e , _ . °
s ] Grouted bored pile —
.4 =+ Load~settlement curve | 1 -

-]  ewses Pile tip capacity line = IS
1200-~| °**eo Skin friction—settlement o L
1000 - ——==1
o L
31 i
eo0 - o
R o sust |
_— CQley r
1 o 20
600 - ————-t
4 mm_ [ N
. o8
400 ~ 5
o o
300 Q.= 705 ton [ ¥
- - Q,=(67C)ton -
| Q= 515 tqn -
: ®- lrj-l."l_l.:r.]-l_.lllrl _I.l"l.rl_IT-l_l—[_lLTIIIIﬂl‘lelr]I'llr]lﬁ‘l r” _‘

BD 40 A0 MO 00 20 140 18R 180 zm‘i
| . Setitlement (mm) B

" BP 2 (1.2 m X 32.0 m)(Grouted)

(w) mdaq



uoo% ‘mesee Load— Settlement curve

eeevs Tip capacity line =
ssoso Skin friction-Settlement

]

i1 1.

‘Bull Quwy

o

-
Q

——— i el

[
o

i . S

l.lllll'lll_!ll‘_lll‘l..l

]
&

L]

200 —

o000 |

ni

«= 940 ton
= 820 ton
'3 668 _f._o_n'

i

let Sand
layer

g

T TTTT I Tt

20 80 100 120

HESEENE M PTTTY T T T 7T Y
200

140 180 180

Setllemnent (mun)

BP 4 (1.2 m X 32.5 m)(Grouted)

Grouted pile with low performance in end bearing

|
=]
(m) wydag



5600 —y—

[

Base defects

1200

l 000

L1 "--_..‘ BRI SR

~Load (tonf)
bond
8

ECTE TOR I I Y B IR

Bored pile with

st Stitf
Clayﬁ -

| sott C]ayE‘i :

Qu= 880 ton
Q= 820 ton
Q.= (688)ton

2ud suirr

Clay

SN 0 BN N B AN PO NN T [ R 2 B
: »
o

[}
£
(-]

r .

1
e

) ]

L A 2

E R

LI PO 3 L B

°. llfll[llll]llll]llll]llll}l’ll]}
-9 R0 40 69 807 300 ¢ 0 320 -

BP 8 (1 m X 42,

Ill]ll‘i]l’_ll1jlll1_

340 100 180 00
Settlement(mm)

5 m)

8



K, tan &
for skin

friction In
Bored
piles

0.50
| eyerhof (1976)
AAMAMA Data from SES project )
(ITITData from Chiewcharnsilp '
— Resgrssion line /)
0040 - ’l'_
K.ta.ndz = 0.0710535 EXP(0.02447 ¢')
r = 0.04 ' R/
- s = 0.0659 _,__'
0.30
o
B
g -
w—
-
0.20 -~
0.10 ~
|
7 |
0.0 4——T 1T T T T T 1
30 31 32 33 34 35

36 37 . 38 ) 39 40 41 42 43
Internal friction angle, @
Fig 4.17- Relation between Ktand & internal
friction angle ¢ in SES project



Bearing
capacity
factor N,
In end

bearing

14

[ —
> o 0
] 1 !

o
L

Bearing Capcity Factor, Ng

Boréd Piles in Bangkok ‘Subsoils

N, = 5.302073 + (2.6 x107° ) &
o= 0.013954
s = 2.,755033 o
ooooo SUCHADA, 1989 |
sxx=% NG, 1981 = H -
0000 CHIEWCHAMSILP 1988 L= T
AAAAA SES project L e T
####### st B E D
0 o .
o
/'
el B
__’__/—'—fi'/ o
& s
R G
=g A
A
Q.

F‘ig 4.18—-

g — T T T | T T T T T

18 22 26 30 34 38 42

Angle of Internal Friction, ¥

Relationship between Bearing Capacity Factor, N,
and Angle of Internal Friction, ¢, of Bored Piles

46



1600 -

Load (tonf)

BP 174 (12mX4r25 m)

n

e .

1400 - -

i Testterminated before L., ..t

1 T a0
=0  base load mobilization | |
1 =L

1000 ] . 1t Sufr E
_ T : Clny —20

<4 4. .

| .'_;frf 1 Eee
600 1 ‘ 1st Sand}l
Layer [ -

1 | 30
400 2nd Stm: e
| S Ny 9

200 1462 ton Brd stift C
1 Qs- i1391;ton- : N ed
Q,=(1076)ton  fird Sandp .
0 ‘|l'lll[lllljii_tl;l'rrl|flll||nf|t|¢!]lTll‘{lIll—[lrll bso_

0 20 40 60. 80 100 120 140 160 180 200
' ‘ SR o Settlement(mm) '



Table 3.1(b) = Summary of Pile Load Tests in The Second Stage Expressway System

Project
— e e e . —— —— e —— .~ S
fPile | Location Dia. | Depth T.L.| Tip Remarks
No. ' (m) (m) (ton) Layer
BP# 1{P401/2-P401/3 0.6 26.04 335 | 1st sand | Toe grouting
BP# 2|P401/3-P401/4 1.2 32.32 980 1st sand G &I
BP# 3|P401/4-P401/5 1.0 30.50 727 lst sand | G & I
BP# 4|PN400/2 1.2 32.50 1004 | 1st sand | Toe qrouting &
BP# 5|km(10+404) 1.2 30.00 914 | 1st sand | Toe grouting &
BP# 6|{PN/329 0.8 30.00 510 Ist sand ‘
BP# 7|P463/13-P462/14 1.0 31.50 730 1st =and
IBP# 8{PE/56-~P453/11 1.2 42.50 966 | 2nd Stiff| Instrumented
4BP# 9|PE/87-PW/88 0.8 31.90 587 lst sand
#BP#12 |EW2(Km 0+71) 1.0 46.50 1170 | 2nd sand | Instrumented
BP#13 {EW2(Km 0+114) 1.2 41.60 971 2nd Stiff| Instrumented
{BP#14{P373/2-P372/16 1.2 32.45 959 | 2nd sand | Instrumented
BP#15|EW2(Km 1+010) 1.2 44.17 942 2nd Stiff]| Instrumented
BP#16 |P450/4-P450/A 0.6 32,04 375 | 1lst sand
BP#17|PE/22-PE/23 1.0 47.25 963 3rd sand
BP#18 |PN/403~-PN/404 1.2 30.50 1000 1st sand
BP#19|PN/423-PN/424 1.2 34.50 | 1000 1st sand
BP#21 INS3(Km 15+100) 1.0 47.00 1500 1st sand _
BP#22|NS3(Km 16+542) 1.0 40.56 1150 1st sand Instrumented
BP#23 INS3(Km 16+800) 1.2 45.10 1500 | 2nd Stiff| Instrumented
BP#25]PS/610 : 1,2 30.00 930 2nd sand
BP#26 |P5/639-PS/640 1.2 31.50 960 | 1st sand
BP#28 |PN/642-PN/643 1.2 39.00 900 3rd sand
BP#29 |PN/656-PN/657 1.2 +33.00 1240 2nd sand
BP#31|PN440/14-440/15 1.2 34.50 1575 2nd sand
(BP#32|PS/628 1.0 38.92 986 2nd sand

{Remarks} I : Instrumented
G : Toe Grouting



Adhesion
factor
for
Bored
piles

2.0

1.8

i
(6]

a
—
AN

Adhesion Factor,

o =
® o

=3
o

0.4

0.2

0.0 -

o Bored Piles in Bangkok Clays

_ °;- = 0.948152EXP(-0. 044639 S, a)
L+ "0 3615
s = 0.4286

. {ITXD Data from Previous Investigators
Q OAAAMA Data from- SUCHADA ( 1989 o
- X Data from SES projcc by author

o ] L i I RN e . T 1
0 5 10 15 2o | 25
Undrained Shear Strength, (T/rnz)

F'lg 4. 15-—- ‘Relation between Adhesion Factor (a) &
~ Undrained Shear Strength for Rored Piles




Local Skin Resistance (ton/mf)

P e

-

Test No: CPT~A
SKin friction
from cone
penetration tests |




Depth (m)

|  Cone Resistance (ton/m°) -
- H00 ' 1000 . 1800 - 2000
| . i e el d L — i

25

N0

—

.Te,s_t N_o:?CP‘T-A |
Base resistance

from cone
penetration tests

 Fig.3.3

CPT Profile for TP10 at Chatuchak Park
Don Muang Project (0.0 m X 30 m)



Local Skin Resistance (ton/m’)

- . '
= o L~

B ¢ ]

o

~Depth (m)
L=

»
H-

L
: : o
b v b b v by

e
th -

->
<

¢ i1 =z 3 40 o0 60
-y

] Test No: C = 1 )

- Location : prhavadee Rangsit |

- |

=

SKin friction
from cone test
to 40 m depth




C oy
o

¢ L TN 0 YO0 O WO YA N TR DO O O 0 JOT U GOV OO0 DO O 0 O O I I O O |

Depth (m)

w00
a .. e
{

o
o
A

o

~ Cone Resistance (ton/m®)
400 Ao 1200 jRen 2000

i ]

2400 2800
) 1 . |

Lot :
>

N
=

1

111

NEa

Test No: C ~ 1
Location : Viphavadee Rangsit

cone testsup to 40 m
depth

i‘; - Base resistance from
7_5__?:.

C
. -
1

~ Fig. 3.5 CPT Profile for pile at 16+035 o
| - Don Muang Project (0.8 m X 37.5 & 24.6 m)




havsrey | Ceadim | onim
- Measured) tonf/m) tonf/m
0.8m diameter . -
_ R 15,7 | 12.9

spun p”eS 10 | 18.1 | 15.1
12 | 20.4 17.0
14 223 18.8

16 | 2402 20.4

Skin friction LI WL LN B
oer linear 20 27.3 | _23.3
22 28,7 24.7
_ _ 24 29.9 25.9
In medium 26 31.0 27.0
stiff to stiff V28 | 321 C28.1

clay 30 33.0 |  29.1




Depth of Skin Friction (tonf/m)

Pile Tip Penetration Thickness in sand layer (m)
(m) 2 4 6 8 10 12 14
20 32.1 | 31.2 | 30.3| 29.4 28.4 | 27.5| 26.6
22 33.9 | 33.0 | 32.1| 31.2 | 30.3 | 29.4| 28.4
24 35.7 | 34.8 | 33.9| 33.0 | 32.1 | 31.2| 30.3
26 '37.5 | 36.3 | 35.7 | 34.8 | 33.9 | 33.0| 32.1
28 39.3 | 38.4 | 37.5| 36.3 | 35.7 | 34.8| 33.9
30 41.1 | 40.2 | 39.3 | 38.4 | 37.5 | 36.3| 35.7
32 42.8 | 42.0 | 41.1 | 40.2 | 39.3 | 38.4| 37.5
34 44.6 | 43.7 | 42.8 | 42.0 | 41.1 | 40.2| 39.3
36 46.4 | 45.5 44.6 43.7 | 42.8 | 42.0 | 41.1
38 48.2 | 47.3 | 46.4 | 45.5 | 44.6 | 43.7| 42.8
40 50.0 | 49.1 | 48.2 | 47.3 | 46.4 | 45.5| 44.6

SKkin friction per linear meter in first sand
layer for 0.8 m spun piles




Base resistance
of 0.8m diameter
spun piles with
tips In the

first sand layer

N Value End Resistance (tonf)
(Measured)
Depth of Pile Tip (m)
15 16 17 18 . 19 20 21 22
20 241 244 258 267 269 277 | 285 | 290
22 247 255 262 272 278 283 | 291 300
24 255 265 269 | 279 | 287 289 | 296 | 303
26 262 272 276 | 286 | 292 296 | 304 | 310
28 ‘275 281 284 294 296 | 303} 312 | 321
\ 30 281 287 296 303 304 315 | 319 | 330
32 294 301 301 306 316 323 | 331 337
34 302 309 | 315 | 319 324 329 | 338 341
36 312 | 322 326 | 339 341 344 350 360
38 326 | 338 | 336 | 358 | 347 | 359 | 365 | 374
40 347 357 357 375 368 373 377 387
42 366 370 376 394 382 396 | 394 406
44 378 385 389 399 398 410 414 | 422
46 385 391 403 410 | 420 424 428 433
48 408 419 418 422 427 438 452 456
50 425 445 442 458 444 450 460 | 464
52 472 467 471 468 478 482 478 | 491
54 493 498 503 497 499 501 | 507 | 512
56 539 | 533 | 525 537 530 522 540 | 546
58 561 559 550 568 560 554 583 | 561
60 582 | 586 575 592 | 590 580 { 596 60;-




Table 2.2 Recommended Ks Values by BROMS ( 1966 )

| rile Types | Low Relative High Relative
1 | Density ~ Density

-iSteel piles
iConcrete piles
;Hood Piles

'Pile Types Anqle of Friction

Steel Piles ” | 20 deqree
Concrete Piles 3/4 &
Wood Piles 2/3 &'

Recommended values of K, and &



Table 2.4~ Bearing Capacity Factor, N; of bored pxles in sand under Bangkok
‘Subsurface Condition

r&nvesthators

1
{ NG ( 1983 )
1

B
O O3B UO
L ] - - * - - »
DI O B \D

| cHIEWCHARNSILP

-~ Oh

| ( 1988 )

Recommended values of Nq for

bored piles bearing in sand



[Investiqator

1
Soft Medium | Stiff ~ Sand Clay sand t
Clay |Sstiff Clay| Clay o
| Pham,1972 1.4 1.4 0.7 - 0.33 | 1.0 |
| Juta-sirivongse | 1.0 1.0 1.0 1.0 0.33 | 1.0
| 1972 " |
Ichotivittava- | 1.1 0.7 0.5 0.5 0.33 | 0.5 |
| thanin, 1977 o | ¥ | |
Phota-Yanuvat | 1.0 0.7 0.5 0.8 0.33 0.5 |
| chukiat Phota- | 1.0 0.7 0.5 0.8 0.5

_ﬂ__YanUVat,1979 |
|

Friction and end bearing factors for driven

0.33

piles to be used with cone penetration test data



1
|

|

|

Pile| Type Location | Dia. |Length - T.L. Tip Remarks ”1

No. - (km) Am) (m) (tonf)| Laver . .

- |Driven | km 164035 | 0.8 | 24.6 840 | 1lst sand | o
Driven | km 164035 | 0.8 { 37.5 872 2nd Stif | Lot 6

TP2 |Driven | km 21+100 0.8 | 26.0 900 1st sand | Dong Muang
Driven | km 12+400 0.8 | 28.1 900 1st sand | Lad Prao

TP10|Driven | Chatuchak | 0.8 | 30.0 872 1st sand | |

- Driven | km 16+035 | 0.6 | 37.5 - 2nd stiff

TP3 |Driven | km 12+400 0.6 | 30.0 690 lst sand

TP1 |Driven | km 21+100 0.6 | 36.0 600 lst sand [Donq Muang |

Detalls of pile load tests data for

driven piles from Ding Daeng - Dong Muang

Tollway Project



K, tan o

for bored piles
In estimating
skin

friction

In sand

Ks tan §

/

Driven Piles w——w/

I. e~ -<——— Bored Piles
| < .

25— | / e e VYesic (1967)
/

————— Meayerhof (1976)

® Chiewcharnsilp (1988)

- Driven Piles

Jacked Piles

| |

o 1
30 35 40

45 50

-Angle 6[‘ Internal Friction, ¢°




Bearing
capacity
factor N,

for bored
piles bearing
In sand layer

Bearing Capacity Factor, Nq

60

50

T 1 1t 1 1

— — — Vesic (1963) l)
A——nNg (1983) /
O —e+— Chiewcharnsilp (1988) |}

Angle of Internal Friction, ¢'




Name of Pile Depth Skin Load Average Adhesion Mobilized
No Transfer su Factor Displacement
Investigators m ton/m! ton/m' a mm

CHIRUPPAPA (1968) - - - 2.3 0.41 -
SUWANAKUL (1969) - - - 3.4 1.22 -

BANDEKAR  (1980) B5 2.6 2.00 1.85 1.08 -

7.8 9.80 3.2 3.06 -

13.0 4.20 7.0 0.60 -

18.2 4.00 8.5 0.47 -

23.4 4.10 15.6 0.26 -

B6  7.95 4.73 1.85 2.56 -

13.25 4.70 7.0 0.67 -

18.55  12.10 8.5 1.42 -

23.95 4.00 15.6 0.26 -

B9  2.55 2.00 1.5 1.33 -

7.65 2.00 1.5 1.33 -

12.75 2.10 5.0 0.42 -

17.85 4.20 8.3 0.51 -

22.95  12.50  16.5 0.76 -

PROMBOON (1981) - - - 2.5 0.80 4-8

_ - - - 15.0 0.50 10

. - - NG (1983) BP2 11.0 6.23 14.5 0.43 2.20
Skln frICtlon 28.00 5.81 25.5 0.23 2.00
BP3  14.80 8.40 21.0 0.40 3.60

19.80 5.80 24.0 0.24 4.00

- . BP4  15.75  11.00 24.0 0.46 4.50
In bored pIIeS 40.00 4.90 28.0 0.18 2.20
BPS  14.80 6.90 21.0 0.33 2.20
19.8 4.10 24.0 0.17 1.10

3 B - 38.00 6.20 28.0 0.22 1.30

I“O I Ized |n BP6  37.50 6.80 28.0 0.24 3.00
BP8  37.50 6.20 28.0 0.22 1.00

i BP10 20.60 8.00 8.5 0.94 1.10
39.50 8.50 20.0 0.43 2.30

SI I |a pl e BP11 22.50 5.80 10.0 0.58 2.00
18,50 2.00 17.0 0.12 1.20

CHIEWCHARNSILP TPl - 1.40 1.5 0.93 5.10

movements - 4.60 6.2 0.74 12.90
B 8.30 13.2 0.63 10.20

TP2 - 4.10 6.20 0.66 5.50
- 10.80  13.20 0.82 11.00

Of 1 to 13 mm ™3 - 4.70 4.60 1.02 4.50
- 5. 40 6.50 0.83 4.50

™ - 5.70 6.50 0.87 6.20

- 3.30 7.00 0.47 4.10
o 10,10  21.80 0.46 10.10




Adhesion factor
for bored

piles in stiff
clay layer

o

Adhesion Factor,

1.0 =

1.2

e
®
l

o
o
]

0.4 —

Driven Piles in Bangkok Clays

7 & S, < 22 ton/m?*

o = 1. 4-:.-13 - 0.3613 111 Sa
r° =0.2446

5=0.1543

10 15 20 26
Undrained Shear Strength, (T/m’)

|

. T j T T l T

30



7. Number of Piles Required

- - . For Solution A we assumed 50, 30 and 20% i
load on rows M, K and J respectively. The analysis performed
Penang gave the results for Solution B :-
. f Mi ile
Defects N Column Working Load Allowable Load on Num};iﬁh"wiﬁcﬁgpt S
Existing Piles Working Load
enlarged
- J3 566 360 4 x50t
Pile base J5 525 320 4x 50t
J7 + J8 1123 670 9 x 350 ¢t
J10 + J11 1124 670 9 x50t
Jl2 521 320 4 x 50t
Jl3 - 567 360 4 x50t
K3 666 450 4 x 50 t
K5 534 320 4 x50t
K7 546 340 4 x 50t
K8 + K10 1919 1260 12 x50t
K1l 526 320 4 x50t
K12 529 320 4 x 50t
K13 668 450 4x5 t
M3 512 3G0 4 x 50 t
M3 503 320 4 x 50 t
M7 &+ MS 764 450 6 x50t
M10 + M1l 751 450 6 x 50 t
M12 497 320 4 x30t
M13 543 360 4 x50t

Shaft load and end bearing calculated
as straight shafted pile. Balance load
to be carried by micro-piles



Building
underpinned
with
micro-piles
In Penang
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Excessive column settlement 150 mm



Case history with
Y.S. Lau in Penang

Structural defects
due to foundation
fallure

Defects in enlarged
pile base

@

(2)

(3)

(4)

€)

(6)

(7)

(7

(8)

(9

1st Floor:

2nd Floor:

3rd ‘Floor:

4th Floor:

5th Floor:

6th Floor:

7th Floor:

8th Floor:

9th Floor:

10th IFloor:

Vertical hair cracks in beams J12-J13, K12-K13.
Vertical hair cracks in beams K3-K5, J12-J13.

Vertical hair cracks in beams M3-M5, J12-J13,
K12-K13.

Diagonal hair crack in beam K7-K8.

Veritcal hair cracks in beams M3-M5, K11-K12,
J12-J13, K12-K13, Mi2-M13

Vertical hair cracks in beams J3-J5, M3-M5, K7-K8,
K8-M8, J12-J13, J13-K13, M12-M13.

Vertical hair cracks in beams J3-J5, K3-K5, M3-MS,
J5-K5, M5-M7, J12-K12, K12-M13, J12-J13, JL3-Ki3.
Near vertical hair crack near K8 in beam K8-M8.
Near vertical crack up to 0.7 mm wide in beam
M5-M7 (at a "cold joint"),

Vertical hair cracks in beams K3-M3, J3-J5, M3-MS,
M5-M7, J12-K12, J12-J13

Diagonal crack up to 0.4 nm wide starting from
slab soffit near K8 in beam K8-M8.

Vertical hair cracks in beams K3-M3, J3-J5, K3-K5,
M3-M5, M5-M7, J11-J12, K11-K12, J12-K12, J12-J13,
ML2-M13.

Vertical hair cracks in beams J3-J5, K3-KS, J5-KS,
K5-M5, K11-K12, J12-J13, K12-K13.

Vertical hair cracks in beams J3-K3, K3-M3, K3-KS,
M3-M5, J5-K5, J12-J13.
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1979
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Observed settlement of columns 180 mm

Bored piled Foundation bearing in sand with clay layer below



Correcting tilt and
raising a building
by 500 mm with
underpinning
techniques.
In-adequate pile
capacity




Building on hydraulic jacks and being raised,
while the staff are busy working inside



Bored piles and pile caps arrangement



Sophistication
must go
hand in hand

Theory while
Standard
penetration
test Is used

to obtain

soll parameters
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Soil profile

1. Upper clay
2. First sand

3. Second clay
4. Second sand

Maximum load
reached in
each founding
level

Tip Driven Pile Bored Pile Auger Pressed Pile
Elevation|Building |Expressway Building |(Expressway| Building Expressway
Soft
12 - - -
Clav
Stiff
358 316 720 = 434 -
=3
Clay
1st Sand-
387 360 1125 1073 443 -
Layer
nd Stif
- = 1522 - 300 -
Clay
2nd Sand
- 2855 | 2080 - -
Laver
{max
- 387 360 2855 2000 443 =
{tons)




Founding level
before
1973

1. First stiff clay

2. First sand layer

ELEVATION IN M. FROM MS.L.
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Short piles
founded In
soft and
medium
stiff clay
layer

Longer
piles
founded in
stiff clay
and sand
layers

Size and Shape

Al

Type of Plle Length |X-sectional | Perimeter
(m) (m) area (mz) {m)
Pres tressed N o-45 ”
concrete pite e 26.17 0.2025 1,80
. 26.7 ¢.0106
Steel H-Pile “"[ Z]Eﬂﬁlm 1.46
! ' 30.7 0.0106 '
. ' 6.05 - 1.44%
| Steel Pipe @)
Plle ol 12,10 - 1,445
6.0 | 0.018 0.471
_ 6,0 - 0.0186 0.471
Wooden Piles D 6.0 0.018 0.471
Yors
6.0 0.018 0.471
6.0 0.014 0.471
Reinforced '
_iconcrete plie % 6.0 | 0.019 0,497
Hocden plle 6.0 0.018 0.471




*Wooden piles
*Reinforced
concrete piles
*Pre-stressed
concrete piles
*Steel piles

Length up to
30m

concrete pfle

o
"
[- 1]

Tyhe of P{1e |512e and Shape | Length |X-sectional | Perfmeter
- (m) (m) area {m°) (m)
Reinforced : - Bt
coricrabatpTTe Olos 6:0 | 0.019 0.497
wooden pile Sles .0 | 0.018 0.471
7.8 0.022 0.523
wooden pile o
| 7.8 0.022 0.523
‘ 28 0.157 1.885
~ Prestrassed €:§ |
o 29 0.157 1.88°
concrete pile |4 ' '
0%0 29 0.157 1.885
Prest d £t |
restresse
concrate pile X Joss 21 0.0404 1,190
Prestressed . 026 .
- concrete pile %I 2l; 0048 136
Prestressed
conerste pile | %}m 21 0.0414 1.29
Prestressed. | 21 0.0414 1,29




Type of Pile S1ze and Shape | Length | X-sectionall Perimeter
s (m}) (m) area {m’) (m)
el Xl ]
; (19} 4
Prestressed d%l“ﬁ
concrete pile ' 10 0.0133 0.72
Prastressed | e
concrate pile A Jo 10 0.0176 10,92
i : | it . ]
Prestressed 048 | _
concrate pile ﬁal;l 11 0.0176 0.92
Prestrassed :
concrate pile %Iﬁ’b 13 0.0147 0.70
o Y _ :
‘Prastressed : - '
concrate pile %Im 11 0.0225 0.85
Prestressed |
concretp pile gIm 21 0.049 1.21
[1 4

Pre-stressed concrete piles




Full Record

1. Type of test
Driven date
Date tested

2.
3.
4. Max. Load

Pepth of | Type of Date Late Resting | Measured
PILE | pile tip Test Driven of Test time Uitimate
{m) (days) | Load{tons)}
21| 20.025 | M &
Quick- )
ML 11/ 7/771 24-.2B/7/ a4 80
77
TP22 18.50 M &
Quick-
M 19/710/77 | 2-6/11/771 14 78
TPZ23 20.80D ML &
~ Quick-
' Mt 15/11/77 1 3=-7/12/77] 18 B2.5
P24 | 9.90 | M 30/4/78 | 1-275/78 | 1 9.0
TP25 9.60 ML 30/4/78 3-4/5/78 2 9.0
TP2& 10.60 ML &
Quick- .
M1 2/ &/77 + 29-31/4/
77 27 14.3
TP27. 12.65 ML 8/ 3/78 ¢ 27/ 3/78 19 - 12.0
TPZ28 . 10.70 ML 8/ 3/78 | 141874/
78 37 _ 12.0
TPZ8 20,70 Quick-
Ml 26/ 6/76 9y 7776 13 67.0




* Cone resistance
* Driving Resistance

* Ultimate Load
measured

Depth of Average cone | BDriving Measured
PILE | U timate.

Pile Tip Resistance . |Resistance | Piie Loads

 (m) 9e;(t/m?)  |Qos(t-m/m) | Qus(tons)
TP1 25.26 545 330 210
TP2 25.32 525 280 165
TP3 29.33 518 430 210
TP17 27.55 780 840 360
TP18 |- 26.95 683 1,110 | . 360
TP19 27.05 615 1,050 360
TP20 2Z2.40- 430 1i7 a0
P21 28.025 402 385 “80
TP22 18.50 415 183 78
TP23 20.50 535 203 82.5
TPZ9 20.70 366 66 87"
TP30 25.00 759 . 1,250 270
P31 22.30 403 350 143
P2 18.20 265 260 71
TP 18.30 275 280 86
P34 18.40 260 210 67
TP35 24.40 403 470 122




Pilc Sectton | Piie | Hanmer | Hammer Nanmer Efficlency of the blow(7) | Temporary Elastic
PILE | Weight srea length | weight drop Coeffictiant Compression {mm) Final Set{s)

(t) Wy | @ [ @ [ m | ey — pecq | €

{nu} {wmi) {wm)
TP | 12.64 | 0.20268 | 26.7 | 6.0 0.50 0.9 . .38 0.70 7,5 6.3 9.09
T2 { 23.36 § 0.0106 26.7 | 6.0 0.50 0.9 0.69 .70 11.5 5.0 10.7
TP3 { 3,87 | 0.0106 0.7 | 6.0 | 0.50 0.9 0,87 0.70 13.0 5.0 6.98
P17 | 10.55 | 0.157 28 4.3 1.955 0.9 0.33 0.70 3.5 | 6.3 10.0
P18 | 10.92 | 0187 | 2 a3 | Loes| 6. 0,33 0.70 12,0 53 | 1
TPY9 | 10.92 | 0.157 29 4.1 1.985 0.9 | 0,33 0.70 5.0 6.3 8.06
TP23 | 2.04 | 0.0404 21 £.5 .30 0.8 0.69 0.70 7.5 5.0 11.60
TPA1 | 2,42 |o.048 | 21 1.5 ¢.30 0.8 D.62 .70 10,58 5.0 2.7
P2z | 2.09 | 0.0414 21 1.7 0,20 0.8 0.69 0.70 6.0 5.0 7.69
TP23 | 2.09 | 0.0414 3| 3.0 0.30 0.0 0.62 0.70 9.5 5.0 3,05
v | 261 fo.oae | 2 1.0 0.30 0.8 0.57 0.70 g0 5.0 13.6
| L

Pile driving detalils



Predicted Ultimate Loads, tons
PILE Measured Ultimate Loads (tons)
Hiley Janbu ~ Danish ' -
L | 64 83 146 210
TP2 98 g1 114 165
TP3 113 52 130 210
TR17 139 155 267 360
P18 150 170 289 360
TP19 161 167 285 360
TPZ20 42 36 46 30
P21 50 - 52 68 ge
TP22 55 45 57 78
- TPZ3 43 43 57 82.5
TP29 22 23 32 67
. ——

Use of pile driving Formulae
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Vane strength
used

o Method
short piles

10

D.96

. .
_ Ap c Ne| Qp P Ernbeddec‘ e .. Su Qs Qu LSad
Hled et | T | @ e L | @ frests
> Vane' (m] oo {t)
™4 | - - =1 2 1.445 § 5.33 [to [1.20 | 9.2 [ 9.2 | 4.7
™ | - - _—' - 1.445 | 11.3 [ 0.97 | 1.73 |27.4 {27.4 {10.3
TP6 |0.018 | 2.65 |-10)0.47 {0.471 | 6.0 |0.88 | 2.42 | 6.0 | 6.47 | 3.5
TP7 }0.018 | 2.65 {10 0.47 |0.471 | 6.0 |0.88 | 2.42 | 6.0 | 6.47 | 3.5
TP8 | 0.108 | 2.65 |10 (0.47]0.471 | 6.0 |0.88 | 2.42 | 6.0 | 6.47 | 4.5
TP9 |0.018 | 2.65 |10 |0.47|0.471 | 6.0 |0.88 | 2.42 | 6.0 | 6.47 | 8.5
TP10 {0.018 | 2.65 {10j0.47[0.471 | 6.0 [0.88 | 2.42 | 6.0 | 6.47 | 4.5 -
TP11/0.019 | 2.60 |10|0.49}0.497 | 4.0 |0.89 | 2.31 | 4.1 | s.59 | z.2a
TP12 |0.018 { 2,60 {10 {0.49{0.471 | 4.0 [o0.89 | 2.31 | 3.9 | 4.39 | 2.10
TP1310.018 | 2.60 |10 |0.48|0.497 | 4.0 |0.89 | 2.31 | 4.1 | 4.59 } 2.16"
TP14 10.018 | 2.60 [ 10{0.49G.471 | 4.0 [0.89 | 2.31 | 3.9 | 4.39 | 2.10
TP1510.022 | 2.65 |10|0.58}0.523 | 7.5 |0.85| 2.56 | 8.5 | 8.08 | 6.5
TP16 | 0.022 | 2.65 [100.58| 0,523 | 6.0 | 0.88 | 2.42 | 6.7 | 7.28| 5.5
TP24 10.0193{ 2.0 {10{o0.40] 0:72 9.9 1.0 | 1.30 | 9.3 9.70| 9.0
TP25 |0.0324] 2.0 | 100.65| 0.52 9.6 | 1.0 | 1.25 {11.0 [ 11.65 9.0
P26 [0.0324) 3.9 |10 1.26]0.92 | 10.6 | 0.87 | 2.46 | 20.9 22.16.[14.3
TP27 j0.0225( 2.2 [10]0.50 | 0.70 | 12.65 | 0.95 | .95 | 16.- 16.90 | 12.0
TP28 | 0.0324{ 2.15 0.70] 0.85 | 10.7 1.50 | 16.6 | 17.30 | .2.0




Depth of BASE SHAFT |
PIE] Pile Tip Ap H, C G| » Soft Clay Hedlum SLiff Clay S.tlff Clay Sand Total} (t)| {t]
(m} (nd) (trmd) { (o gy [ S0 | e | b f Sl fufusiose | | L) oas |k ([mgEl b | tfos{ s Load
(t/n) )} (1) [{tmd) (m) | () [(tmd) {»}} {t) (il Nideg) (mfnar f(e) | [Tests
Wil 25.26 {.2025 | 10 38 7 |80 11.6 [o.98 | e.6f24.8 § 3.0 10.007.5[33.2] 20.9 [0.05] 9.16t20.6[ - | - | - f- [ -{1r8 Joss |21e
LN L S POk B B 1 N SUL46 116 10.98 | B.6f20.1 | 3.0 [0.60[7.5(27 [ 209 035 a.22(9ms{~ | - | < 1. | .pue erfies
| o L1 fae 42 56 1146 |1.6 10.98 | 8.6/20.0 | 3.0 |o.s0{7.5[27 | 240|034 13,2 [157.3) - | - | - |- | - 208 [260 |210
W | 20.028 }.0676 |10 18.6 | 12.8]1.36 |21 lo92 [13.6f3s | 5.5 foss|a.oji | 15.5]0.09) 34l ze |- | -} - |- -] 5] e8] 0
v 1650 §,0676 |10 6.8 { W.4]0L29 [3.2 |o78 {10 [ |45 |oss.ofr {168 losr| s 28 [~ - - F- -t
WO 2050 L0626 110 | 1s4 [ 124 (020 |nes o [i9 Jr | s foasfeofie Prealos) s a |- - | o] -1 6] sz.sL
wa | 0.0 |76 |19 15.0 [ 106712t 1.4 [o.67 03 [33 | 6.0 tosaj4siue | 15.0038) 32|22 [~ - | -f-}-|eojre(®
&1 4 |n
[ t/n)] (deg)
il s L (ool o | es|ie [ res 216 ’0.1 H.0140. | .8 [0.5414.0/19.5} 15,8 10.6] 10,2 |116 |1.0( 22,0 25,5{2138} 46 { 221 (343 | 360
WIN] 26.95 1157 16 3 fagfiee |aaes |26 0.9 [1of0.6 | 4.8 0.54[¢.0f10.5] 150 f0.38] 10.2 {115 |1.0] 22.0[25.5{1.75{ 35 | 210 |aso | 360
TP | 2r.05 [as? Jis.of 36 {56 167 {1885 {26 10.85 |15l | 6.0 |0.53(9.5] 7.6 10.2]0.20] 0.2 | 63 1,0] 16.527.0[5.85) 93 | 212 ars | 360 |
o li"'z-“' 008 11551 35 a3 e e Iu.u sopr oo - beb o 7afose| s e rofiesleafas o] ee Jua) el

Total stress method-- long piles



Total
stress
method
long piles

MEASURED LATWATE LOADS, TONS

PREDICTED ULTIMATE LOADS, TONS
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Depth of - L] Weight Qu
PILE] pila Tip » g Soft “‘Y.I Medfum StifF Clay SLiFf Clay of Load
L ]t Ui 5|1 Ot | Qs #ile Test
(t) (m) (6F k) ftm) | (ee) [ | (trm) () | gy
il 0.33|35.4 8.6 L.0J\8 [7.50 18 ja.7ha.9f9.16] 164 (0.3 184.5 | 12.64 |208( 210
2 0.33|23.0 B.6 Lojts [r.5] 20.50.7 9.22[ e |o.5 (42 ) 3.36.0162] 185§
173 0. 0227 8.6 Lof1s  (r.5( 17 Je.7Tli7.4t3.2 F 242 [o.% a0 | 197 [229¢ 210
T2l 0.1] 8.9 12,3 1.0/26.5 [2.0{ 14.8)0.7)13.8] 3.03 so lo.s 1431 24 80
1222 0.33 10 1.0{20.6 [5.0{ 18 |0.7016.3] 3.5 [ 52 {o.5 1.4 2.09 78
123 0.33[11.9 1 tof1s.4 fa0] 9 o.7] a.1f 2.5 7[0S 73,3 .08 82,5
P29 0.31] 8.2 13 Tidlensfas] iz |osfza]azi % |os §.8] 2.61 &7
P17 0.5 [s1 I volso. fae] 9 [erfinsfioz | se fos 200.6{ 10.55 [ 11| 160
ra 0.5 |54 1t l;n 2.5 [¢.0] 31 |o.7[10.9)10.2 | 190 lo.5 122,5( 10.92 | 356] 360
P19 0.5 |48 11.5 1.0{#8.3 1 1.5 2.5 6.? 3.3 8.2 | 1W0.5(0.5 135.3] 10.92 | 362 360
20 4.5 18 Lols.2] < - - 138 w0.so.s 85.4{ 2.04 %0
\. l

Dutch cone test used In pile
capacity determination



EFFECTIVE EFTECTIVE ANGLE OF W aF EARTH
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Effective
stress
analysis

B —method

Very few test
data for
c’and ¢’

Effective Strength Parameter

at{ &~ ) . [atl 6/ &),
. Type of | Stress {Average - '
Tests |history | depth 5
_ C ¥ T e
(M= | (/%) | (degd | (t/ml) | (deg)
CID- NC 8.9 0 224 -

CID N | 16.4 0 19.3 -
cID NC 3,2 ) 24.9 "

" ¢Ip NG 15.2 0 19.2 ” -
cK_U NC 8.1 0 8.7 o0 32.7
CK U NG 436 o 27.8 0 31.0

NG 3.75 0 29| o0 32.4
CrgU _ o
NC 5.25 0 30.9 0 .0




Effective
stress
analysis

More c’sand ¢’s
at AI'T Campus
but unfortunately
no pile test data

to analyze

Effective Strepgth Parameters

at( 6, - &,) at{ &/ 8)
Type of | Stress | Average 1% max /65 dma
Tests: | history | depth G -
T | F4 0T 7
(8) | (t/m®) | (ceq)| (t/n?) | (deg)
TT- N [T 5.4 0 2.6 © ' 23.9
CIu NC 7.5 ] 21.4] 0 22.6
TIOW | N 5 0 21.4} o0 22.5
[$i] NC 11.4 0 2.5t 0 22.5
NC 1.05 | 0 20.2) o 20.2
IO NC - 2.45 0 .21.9F 0 21.9
NC 3.90 0. 20.2| o 20.2
NC 5.25 0 21.4F 0 | 23.2
Al NC 1.5 0 24.8] 0 26.2
LU 9.0 | © B2 -
TA-v| A 5.25 | 0 23.21 o 24.4
[ ti] NC g.25 9 23.0| -




Cluster of values
around 0.33 for B

Back calculated
B values from
full scale

pile load tests

AVERAGE DEPTH

BELOW GROUND SURFACE (M)

AVERAGE SHAFT FRICTION; T, (tim)

04 I 08 12 L8 20 2.4 2.8

T T T T Y T

A STEEL

B CONCRETE

wooD

f§-o.4s

B =o.m V5 (MEAN) 20.33

FIG F.10 MLATIOWSW® BETWEEN AVERAGE SHAFT FRICTION () AND




Effective stress analysis- B method

File { TP4{ TFS| TP6{ TF7| TPS| Tr9|TETo|TRir{TRi2lTP13|TRTh|TR1Si TR16 | TR TS| TR 27 | Te2s
- T T : —

T [ 9.61{0,63]1.07)1.07{1.42} 1.h2]1.42}{ 0,38 0.87/0.3410.87{1.51|1.58] 1.21| 0.98| 1.40! 1,32 | 1.27
(/) | . - '
-8, 1.80{3.70{3.37}3.37|3.537{ 3.37] 5. 37| 3.05{ 3.£5/3.05| 3,05} 3.20{ 3.57| £.02| 5.66| 5.9715.05 | 4.7
4{2_;, £.33111.3 7.5| 7.5| 7.5| 7.5| 7.5| 5.5 5.5| 5-5| 5.5| 7.3| 7.5i 9.5 9.6|10.6{12.65 10.?1

el ' % o _ :

Estimated B values from full scale pile load tests



Effective
stress
analysis
short
piles

B method

Enbedded

W

PILE |Depth of | Ap | @ NQ Evol . Op P Avg- 80 Qs
|pite tip | () |deg |  [t/m?] (1) |gm) [lengen| (t/ed) | (1) | ®© load .
(m) .’ .(m) | tests -
. @) |
P4 5.33 - = |~ - |- |1.445] 5,33 | 1.80 | 4.6 | 4.6 4.7
s f13 |- | |- |- |- f|nass|13 | 370 190 |10.9 | 10.3
s | 7.5 - |.018/21.5]9 4.8 .78 | .471] 6.0 | 3.37 | 3.14| 3.92| 35
P7 | 7.5 |.018{2l.5[9 |48 ].78 | .471| 6.0 | 237 | .18 | 382 3.5
me | 7.5 J.om|2.5{9 [4.8] .78 | .471| 6.0 | 3.37 | 3.18 | 3.92 | 4.5
wy | 7.5 |.owi{21.5|9 (4.8 .78 | .417| 6.0 | 3.37 | 3.14 | 3.92| 4.5
v | 7.5 |.ows{21.5(9 fas | .78 | .07 6.0 | 3.37 | 326 | 3.92] 4.5]
wir | 5.5 [.019[22.5{9.5(3.9 | 70| .a07| a0 | 305 | 2.0 |27 | 2.2
w2 | 5.5 |,018(22.5{9.5(3.9 | .67 | .471] 4.0 | 3.05 | 1.8 | 2.57] z2.10]
™3| 5.5 [.019|22.5]9.5(3.9 | .70} .497| 4.6 | 3.05 | 2.0 | 27| 2.16
v | 5.5 |.018(22.5) 0.5 3.9 | .67 | .471] 4.0 1 os05 | 19 2.57°| 2.10
v15 | 7.5 |.022021.5] 2.0 (4.8 | .95 | .523| 7.5 T3.2@ 4.15 | 5.10 5._5“'
™6 | 7.5 | .022|21.5( 9.0 [4.8 ] .95 | .523] 6.0 | 337 | 3.5 | 4.45] 5.5
w24 | 9.9 f.019(25 (15 6.0 {1.7a| .72 | 9.9 | 4z | 9.4 {111 | 9.0
T2s | 9.6 "7|.032|25 (15 |s5.8 |2.8:] .92 |96 | 366|167 |135 | sl
T2 | 106 [.032(25 (15 (6.8 {3.3 | .92 | 1067 | 3i07 | 2.8 |161 | 143
™27 | 12.65 |.022(25 (15 |8.2 2.8 | .70 | 12.65 | 505 |14.8 |17.6 | 12.0
Wes |10.7 |.0a2|25 |15 (7.4 {35 | .85 {07 | 467 | 240 (1705 | 1200




|pepth of RASE SHAFT |
: Saft Clay StIff Clay Sand Qs | Qu [quis)
MLE[Pite Tip -
. - B l..ol (t) |it) JLoad
EINRE T | tp U I T 'S 0 TR O O B S P17 SV O RO LR % I S O LT .
(o} | (o'} { (deg) | " [tessRh} (03 | () | (&) (1) tdeg) | (e/al)] tm) [ (03|  {(/m®) (deg)|tm) [t e
wi | 2526 {20ms | 1s2s | 28| 30| 4 [ neo |omlasal e | e7]orz] 10,25 23 e |es|-| -4 - |- |- 1152|209 { 218
we | ezl | waslors| ano | a1 [uds [o3a]a6s] 606 |sejorz|mes| ¥ leze(vel-F - | - |- |- {132 [163 ] ses
T3 20.93 [L133 [19.25 P 7.5 38,0 | 38 [ L6 {03316 | .96 [6ajo.72f10.25| 266 3.2 [128{ -~ | - | - [- [~ {182 226 | 218
W | w.026|.0676) 21 | 86| 15.0 | 2.6[1.36 [0.33|12.6] 8.4 |3afeaz|n wejenn |- | « |- [-762[71] o
Rl 1080 06761 21 8.5 13.6 | v.8| t.2e Jo3a| 0| s jw7lon2|nd 9.6 086 |2~ - | -1-|-]4s|8a}'m
‘"n zucm !nﬁ?.ﬁ 21{ ) n.s l‘rﬁ‘ Bo: 1.!9.. ﬂ.33 13.0 Eal tﬂ 0.32 31 llls 105 31 ! i " = ” 59 ﬁ., u.“
YPI2] 27,66 [L187 |4 4 23,0 {162 {1.805[0.33(15.0| 7.4 js3jo.ne|2 15.8 {10.2 | 84 [1,0f 22,0 [25.5 {2,350 45 | 199 |26t { 3@
TPIRE 26.86 157 134 s |26 150 |1.80500.93|1s.0] 7.4 |ssloaz]a 16.8 {10.2 | &4 [i.0] 22,0:[25,5 {1.76{ 35 | 120 }347 | 368
YR8} 27,06 |.187 36 ]:1 19.0 167 [1.88500.33} 13,0 F 4.26 |34 |e2{ 21 16.1 | 8.2 |43 [1.0] 265 2r [s.e5] 03} uve 3y “3pe
{rm | 2040 |0M413s 0 D16 [ @ |19 je.asl s 8.7 |H|oR{U wh|ee |uino 14.5{26.3 J3.6 {235 76 w6 |

L]

Effective stress analysis
on long piles- B method
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o " DESIGN VALUE
o | —— ‘]
u 6.0 PLUS 10% FOR ULTIMATE
2 _
p"4 .
» O PPLT/2 , N =23
4.0 O PPLT/3 , N = 30
A PPLT/I2 | N = 25
O PPLT/I3 ; N = 33
2.0 X PPLT/22 ; N = 27
+ PPLT/23 , N = 26
0 | | 1 | 1 1 1 | 1 1 1 | l/ .
O 2 4 6 8 10 12 14 16 I8 20 22 24 26 28 30 MAX.

PILE TOE MOVEMENT 'MM.

Mobilization of skin friction in stiff clay



Piling Design | Avg.Actual| Actual | Working | Cale. Load ot Maox. l
No. Confact | Contractor Type | Pile Dia. | Pile Dia. | P.F.L. Load | Ultimate| 10%D | Carrying |instru-
(mm.) (mm.) | (MSL) | (tons) Lood (tons) | Load |mentation Crerie | Remark
: ons

PPLT= 1 | NSI THAI BAUER | Bored 600 618] 26.04 120 335] »320] >>320 X 7 ||Voe Grouting -Sfox foefiore Yield
PPLTZ 2 | NSI THAI BAUER | Bored 1200 1180|3232 425 917 300 980 7 X Tioe Grouling
PPLT#3 | NSI THAI BAUER | Bored 1000 " (-30.5) 325 727 916 1000f  / 7/ Tioe Grouting
PPLTZ4 | NSI THAI BAUER | Bored 1200] " (-32.5) 425 1004 CE]] 960 7 X Tioe Grouting — Retest
PPLT#5 | NSI THAI BAUER | Bored 1200 " (-30.0)] (425) 914 " " / X___||Tioe Grouting
PPLT#6 | NSI THAI BAUER | Bored 800 " (-30.0 225 510 520 545 X 7
PPLI#7 | EWI KIN SUN Bored 1000 _n (-31.5 321 730|° _ 600] 721 X X
PPLT#8 EW! KIN SUN Bored 1200 " (-42.5) 425 966 971 971 / /
PPLT#9 | EWI KIN_SUN Bored 800 893 -31.90 225 524| - 530 582 X 7
PPLTZI0 | EW!I KIN SUN Driven 600 600| -27.75 120 381 5400| ___>400| . X / Miox_before Yield
PPLTENl | EWI Driven 600 600 | -40.50
PPLT#I2 | EW2 KIN SUN Bored 1000 1057 | -46.50 425 1170 1425 1425/ 7/
PPLT#I3 | EW2 KIN SUN Bored 1200 1247|  -41.60 425 971 1250 1250 / / _
PPLT#I4 | EW2 KIN_SUN Bored 1200 1220]  -32.45 433 959 >953 953 / X___|Imox befor 10 % Pike Dio. Sell.
PPLT#ISA] EW2 KIN SUN Bored 1200 1224 -44.7 433 942 30| >1130 / / __ |[metest-Max befor Yield
PPLTZI6 | EW2 KIN_SUN Bored 600 667| -32.04 120 354| >327| >327] X 7 |max before Yield
PPLT#IT | EW2 Bored 1200 (-30.0) (410) 940
PPLTZI7TA| EW2 KIN SUN Bored 1000 1084 -47.25 433 1209 >963| »963] X 7/ |mex before Yiekt
PPLTZI18 | NS3 THA! BAUER | Bored 1200 (-30.5 406 934 >983 983 X / |mox before 10%:!PileDia. Sell.
PPLTZ19 | WNS3 THAI BAUER | Bored 1200 (-34.5 388 1094 985 985 X /
PPLT#20 | NS53 Driven 600 600 " .
PPLT#2| | NS3 | ITALTHAI TREVI| Bored 1000 1029] -49.60 400 1273| 51500 1500] X 7/ |max before 0% Pike Dia. Sel.
PPLT#22 | NS3 | ITALYHAI TREVI| Bored 1000 1052| -40.56 405 1041 >1150 uso| 7/ /____iMax before I09PilciDig. SeR.
PPLT#23 | NS3 || ITRLIHAITREVI| Bored 1200 1266 -45.10 400 928  >1500 1500] / / x_before 10 Fike Dia. S
PPLTE24 | NS3 | wPACENG. | Deisen 800 800| -29.30 225 660| >>600|  »600| X /2 __|Max before Yieid
PPLT#25 | NS5/6 _
PPLT#26 | NS5/6
PPLT# 27 | NS5/6
PPLT# 28] NS5/6

T NS5/6
PPLI# 30| NS5/6
PPLT & 31

Instrumented pile load test program




TOTAL SETTLEMENT, MM.

LOAD SETTLEMENT CURVE
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Acceptable load settlement graph

O PPLT/8 —43.0 MSL.
1200 MM. DIA. ,425T. WL,

A PPLT/13-41.5 MSL.
1200 MM. DIA. , 425T. WL

O PPLT/15-44.0 MSL.
1200 MM. DIA. , 433T. WL

X PPLT/23-45.0 NSL. .
1200 MM. DIA. ,400T. WL.

e ACCEPTANT LINE
FOR 425T. PILE



TOTAL SETTLEMENT , MM.
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o) 100 200 300 400
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FOR 140 T. PILE

PPLT/1 — 26.0 MSL.
600 MM. DIA. 120T. WL.
{ TOE GROUTING )

PPLT/10-28.0 MSL.
{ DRIVEN) -
600 MM. DIA. 120T. WL.

PPLT /11 —40.5 MSL.
{ DRIVEN)
600 MM. DIA.120T. WL.

PPLT/I16 —32.0 MSL
600 MM. DIA. I20T, WL

Acceptable load settlement graph



TOTAL SETTLEMENT , MM,

LOAD SETTLEMENT CURVE
COMPARED LOAD SETTLEMENT CURVE
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Skin friction mobilization in stiff clay
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