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Pile Testing



=H E

P

/—Cruss Beary

\;_
¢

]
|
|
L]
A
r
b
r

Pile testing arrangement

-

— i — i —




~— Tension
members

.r_z m or 3D whichever is greater

Tension (anchor) piles

|
__./i\r_“
|

Mol i

Pile testing arrangement



p\ ‘t —_\;9' are g

Site investigations, piling contracts, pile testing
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Plotting load settlement curve
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EXAMPLE N°| -
C.R.P-TEST

9 SILTY
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PACDORED 30 FT.
NOT DRIVEM TO ACFUSAL
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Fig. 1. Load-movement diagram from CRP test
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EXAMPLE

BRINCH HANSEN'S METHOOD
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Hanson’s 90 percent criterion



(80 % - CRITERION)
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VANDER VEEN'S METHOD

Vander Veen method
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Fuller & Hoy and Butler & Hoy methods
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Twenty thousand or more driven piles in one site






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 - - - - -
Clay
Stiff
358 316 720 =; 434 -
&
Clay
1st Sand-
387 360 1125 1073 443 -
Laver
nd Stif
- = 1522 - 300 -
Clay
2nd Sand
- - 2855 2080 - -
Layer
Qmax _
387 360 2855 2000 443 =
{tons)




Longer
piles
founded in
stiff clay
and sand
layers

Short piles
founded in
soft and
medium
stiff clay
layer

Size and Shape

Type of Pile Length |X-sectional | Perimeter
{m) (m) area (mz] {m)
Pres tressed N o045 -
concrete pile et 26.17 0.2025 1,80
+o.000 26.7 0.0106
Stee] H-P1ie ”"[ ;]Eﬁﬂl 1.46
- ' 30.7 0.0106 '
_ | 6.05 - 1.445
| Steal Pipe @ _
Plla s 12,10 - 1.445
6.0 | 0.018 0.471
. 1 6.0 -0.018 0.471
Wooden Piles QD 6.0 0.018 0.471
‘o
6.0 | 0.018 0,471
6.0 0.018 0.471
Reinforced ' o
_{ concrete plie % 6.0 | 0.019 p.qﬂ?
Wooden plle 0.0 0.018 G.471 |

4l




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

Length up to
30 m

concrefe pf[e

Typ}; of P{1e |512e and Shape | Length |X-sectional | Perlweter
- (m) (m) area {(n) {m)
Reinforced : s
coricrabatpTTe Olos 5:0 | 0.019 0.497
wooden ¢11é Se 6.0 0.018 0.471
7.8 0.022 0.523
wooden pile o
| 7.8 0.022 0.523
‘ 28 0.157 1.885
- Prestrassad i:? _
e 29 0.157 1.88°
concrete pile [1__ ' :
050 e9 0.157 1.885
Prest ¢ = |
restresse
concrate pile EI"“ 21 0.0404 1.190
Prestressed . 0.26 o
concrete pile %I .?1. 0.048 1.36
Prestressed
concrete pile| %EI“‘ 21 0.0414 1.29
Prestressed | 21 0.0414 1.29




Type of Pile S1ze and Shape | Length | X-sectional| Perimeter
s (m) (m) | area (n°) (m)
w -0k
] Ot
Prestressed 1o
concrete pile ' 10 0.0133 0.72
Prestressed | -
concrete pile %Iﬂ'“ 10 0.0176 0,92
, : ; L] .
Prestressed 048 |
concrate plle %I;I 11 0.0176 0.92
Prestrassed ,
concrate pile E;IM 13 0.0147 0.70
ol T - _ ;
‘Prestressed : - '
canercts oitk %IN 11 0.0225 0.85
Presiressed
concretg pile gf"“ £l 0.049 1.21
(1 F4

Pre-stressed concrete piles




Full Record

1. Type of test
Driven date
Date tested

2.
3.
4. Max. Load

Depth of | Type of Date Date Resting | Measured
PILE | pile tip Test Driven of Test time Uitimate
{m} (days) | Load{tons)
P21 | 20.025 | M. &
Quick- )
ML 11/ 7/77( 24-28/%/ 44 80
77
P22 18.50 M &
Quick-
M 19/10/77 | 2-6/11/77] 14 78
TP23 20.50 ML &
~ Quick-
: M 15/11/77 1 3-7/12/77| 18 B2.5
TP24 9.90 ML 30/4/78 1-2!5{?8 1 8.0
TP25 9.60 ML 30/4/78 3-4/5/78 2 9.0
TP26 10.60 M &
Quick- .
M3 2/ 84/77 | 29-3i/4/
77 27 14.3
TP2T. 12.65 ML 8/ 3/78 ¢ 27/ 3/78 19 12,0
TPZ2B 10.70 ML 8/ 3/78 | 14-15/4/
78 37 12.0
TP28 20.70 Quick-
Ml 26/ 6/76 97 /76 13 67.0




* Cone resistance
* Driving Resistance

* Ultimate Load
measured

Depth of Average cone | Driving Measured
PILE | Uttimate_

Pile Tip Resistance  |Resistance |Pile Loads

© (m) Ses(t/m®) | Qos{t-m/m) | Qus{toms)
TP1 25.26 845 330 2’_10
TP2 25.32 525 280 165
TP3 29.33 518 430 210
TP17 27.55 780 840 360
TP18 |- 26.95 EAg 1,110 . . 360
TP19 27.05 615 1,080 360
TP20 22,400 430 117 90
TPZ21 20.025% 402 385 *.B0
TE22 18.50 415 183 78
TP23 20.50 535 293 82.5
TP29 20.70 3686 66 87
TP30 25.06 759 . 1,250 270
TP31 22.30 403 350 143
TF3Z 18.20 265 260 71
TP33 1_8 .30 275 280 86
TP34 18.40 260 240 67
TP35 24 .40 403 470 122




Pilt Section Flie Hanmer | Hammer lammar Efficlency of the blwf‘l] . Temporary Elastic
PILE | Wetght | srea | length | waight | drop | Coeffictent €ompression (mm) | pyo0y gerqs)

(t) (n?) {m} (t) (m) . {k} Hiley Janbu Cpecq | €,

{aum} {uril} {xm)
TPY | 12,64 | 0.2028 | 2.7 6.0 0.50 0.9 . p.38 0.70 7.5 6.3 9.09
T2 | 3.36 § 0.0106 26,7 6.0 2.50 0.9 0.69 .70 11.5 5.0 10.7
TP3 { 3,87 | 0.0106 0.7 6.0 | 0.50 0.9 0.67 0.70 13.0 5.0 6.98
P17 | 10.55 | 0.157 2B 1.3 1.955 0.9 0.33 0.70 9.5 | 6.3 10.0
8| 1092 | o5y | 2 a3 | toes| 0.9 0.33 6.70 12,0 53 | 1
TP9 | 10.92 | 0.157 29 4.1 1.985 0.9 1 0.33 ¢.70 9.0 5.3 8.06
TP2D | 2.04 | 0.0404 21 4.5 8.0 0.8 0.69 0.70 7.5 5.0 11.60
TR} 2,42 | o048 | 21 1.5 0.30 0.8 0.62 n.70 - 10.58 5.0 2.7
TPe2 | 2.09 | 0.0414 21 1.7 0.20 0.8 0.69 0.70 8.0 5.0 7.69
TP | 2.09 | 0,0414 )| 3.0 0,30 0.8 0.62 0.70 8.5 5.0 3.05
vl 261 |o.oae | 2 1.0 0.30 0.4 0.57 6.70 g0 5.0 13.6
| I

Pile driving details



Predicted Ultimate Loads, tons
PILE — Measured Ultimate Loads (tons)
Hiley Janbuy ~Danish ' -
TP1 64 83 145 210
TP2 : 98 81 114 165
TP3 1i3 92 130 210
TP17 139 155 267 360
TP18 150 170 283 360
P19 1el 167 285 360
TP20 42 36 46 30
TP21 50 - 52 68 ae
TP22 55 45 a7 78
- TP23 43 43 57 82.5
TP29 22 23 32 67
W

Use of pile driving Formulae



DRVING  RESISTANCE, Q T wgd  (T-u/W)

100 - 200 200 400 - Bpo

— TPl, CONCRETE PILE B

5 "
—xa TP2, STEEL PILE E-
——e TP3, STEEL PILE I
g 0 W= &t
E H=z Q50 m
[«
ad
(]
5

T ST O E (TR ]

Pile =

(re2) z-”

) ) i»
Drivin T

3 : ",S‘:GZSBm-.

"FIG. F.3 DRIVING RESISTANGE V.5. DEFTH OF TEST PILES AT POM PRACHUL

Resistance (st 552.175




T.!'M2

Jacket et

friction = I'= |

in Cone E T
penetration %;
test :




Cone resistance in t/m?

] W00 200 00 400 500 600

0
L3 GR&UHD ELEY. » i.2T m.
5
10 p——r
3
15 LS
=
. o E
- oo -
- =
© =
a5 e
L

Cone ) g
Resistance

35




ADHESION FACTOR

0-8
0.6
0.4

0z

.~ 0 '
N Ny,
\ L g5

AVERAGE CURVE GFHOLMBERG

(1970) FOR BANGKOR GLAY.
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Vane strength
used

o Method
short piles

10

0.%6

. g
_ Ap c Ne| Qp P Ernbeddec‘ ¢ | Su Qs Qu |Load
b jwmd | fo @ e | | e (rests
> Vane: (m] S {t)
™4 | - - = 5 1.445 { 5.33 (1.0 [1.20 | 9.2 | 9.2 | 4.7
™5 | - - “F - lraes 113 fo.97 | 1.73 |27.4 {27:4 (103
TP6 |0.018 | 2.65 | 1010.47 {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 | 2.5
TP8 [0.108 | 2.65 |10|0.470.471 | 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 1 0.018 | 2.65 |10 {0.47[0.471 | 6.0 [0.88 | 2.42 | 6.0 | 6.47 | £.5 -
TP1110.019 | 2.60 |100.49|0.497 | 4.0 |o0.80 | 2.31 | 4.1 | s5.59 | z.20
P12 (0.018 | 2.60 {10 {0.49{0.471 | 4.0 [o0.89 [ 2.31 | 3.9 | 4.38 | 2.1
TP13 0.019 | 2.60 |10 |o0.48|0.497 | 4.0 |o0.89 ] 2.31 | 4.1 | 4.59 1 2.16"
TP14 {0.018 | 2.60 [ 10/0.49 0.471 | 4.0 [0.89 | 2.31 | 2.5 | 4.39 | 2.10
P15 {0.022 | 2.65 | 10|0.58}0.523] 7.5 |o0.85| 2.56 | 8.5 | 9.08 | 65
TP16 | 0.022 | 2.65 [ 100.58(0.523 | 6.0 | 0.88 | 2,42 | 6.7 | 7.28 | 5.5
P24 10.0193] 2.0 {10{0.40]0:72 | 9.9 | 1.0 | 1.30 | 9.3 | 9.70| 9.0
TP25/0.0324| 2.0 |1010.65(0.92 | 2.6 | 1.0 | 1.25 | 12.0 [ 12,65 9.0
P26 [0.0324) 3.9 [10f1.26)0.92 | 10.6 | 0.87 | 2.46 | 20.9 22.16.[14.3
(TP27 {0.0225 2.2 |1010.50| 0.70 | 12.65 | 0,95 | .95 | 16.. | 16,90 [ 12.0
P28 |0.0328] 2.15 0.70[ 0.85 | 10.7 1.90 | 16.6 | 17.30 | .2.0




Depth of BASE SHAFT |
PHE| Pile Tip | Ap h, ¢ G| p | Soft Clay Hedlum 5tiff Clay S.tlff Clay Sand Fotal] (t){ {4}
(m} () (trm?) | (o fmy [ S0 | e | b0 Sl fufusose | ] L) oas |k [avgl b | Lfas{ 0s Load
(t/n) ) (1) [{tmd) ) | () [(tmd) o (6} | [cemPaideg (mfor feey | [Tests
il 25.26 {.2025 | l0 18 7 |L80 (1.6 [o.98 | 8.6{24,8 § 3.0 10.007.5(33.2] 20.9 [0.05] 9.16t20.6[ - | - | - f- [ -{18 Juss |21e
LLC BRI DL I B 3 S1[146 116 10,98 | 8,600 | 3.0 |0.80[7.5(27 [ 20.9 |0.35( 9.22[ 985~ | - | < {. | -[ue6 [1ezaes
y| o L1 e 2 56 1146 |1.6 10.98 | 8.620.0 | 3.0 |0.50{7.5[27 | 24.0 |0.34 13,2 [157.3) - | - | - |- | - 204 [260 |210
¥R 20.028 |.0676 | 10 8.6 | 12.8]1.36 |21 le.92 [13.6f35 | 5.5 joss|a.oli | 15.5]0.09) 34l ze |- | -} - |- -] 5] e8] 0
WA 18,50 10676 |10 6.8 { 1.4]L29 (3.2 |o76 f10 Jn |45 |osns.ofr {168 losr| s 2 [ - - F- - fwlane
WO 2050 LO6I6 110 | 14 P24 (120 (1280 [13 Jor | 5.4 Joslaofie freafesr| sslm {0 - ] .| <1662
wal 2.0 [.0678 |19 15.0 | 1002t f4 jow 12 fi3 |60 fo.sa(asfie |50 fee) 32 2 [- - | -f-1-|eefn]e
&1 4 |n
l . [ t/n)] (deg)
| @ L (oo u 45 (162 | 1.885 {216 ’0.1 tLoj0. ¢ .8 [0.54/4.0119.5] 158 {0.38] 10vz |15 (10| 22,0 125,5{2435] 46 { 221 (363 | 360
WIRE 28.95 1157 (105 | 34 fag (169 | 1,805 (2,06 0.91 [11.0040.0 | 4.8 |o0.54]4.0]19.5] 15.80.38] 10.2 {115 |1.0 22.0[25.5{1.75 35 | 210 [369 360
jTrie | 2705 a5 f1so| 38 | 56 167 {1885 {26 10.65 |1.sfts | 6.1 |0.63g.5] 7.6 10.2]0.20] 0.2 | 63 1,0] 16.5 [27.05.85) 93 | 212 {arg [ 360 |
’Ema li.z'z.m i Jissfas Ll lue | Io.sa 5.0 | - 4= e} -] 21o2| sa e [no) 1480263006 3] ge Jus) sl

Total stress method-- long piles




Total
stress
method
long piles
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Friction and end bearing factors for driven

;,_ P ———— S — e = —— -— ____}
gInvestiqator.- | a E
Soft Medium | Stiff Sand Clay sand t
Clay |Stiff Clay{ Clay )
| 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 | . | :
lcnotivittaya- | 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 10.33 0.5 |
17 ) B | o
| Chukiat Phota- { 1.0 0.7 0.5 0.8 0.33 0.5
1 Yanuvat, 1979 . | | |
1 I

piles to be used with cone penetration test data



BASE
Depth of SHAFT -y N
PILE] pila Tip Soft Clay Medfum StifF Clay Stiff Clay Sand ot T liond
Pla tx(o!lr ; | :
2 2 Lidre o (O tpoppdac|os | 0 | @ Jacd @ | U fappfa] s | O [ Pile Tast
(o] (=) Kem™)) )0t} | @ [ (m)|(t/m) (6} ) Il tm) @ (@ [tve ] | e | fvm © | v w ol w
71 2526 [.2025) 545 (033364 160 ) a.6010 [1.ofw f7.s[ 15 ferlisafas] 16e fo.sfure | - |- (- [ - 1865 12.60 |208] 210

05 |- [-f- |- {2 | 3360162 168
d- |- Jane | ner (23] a0
103l 2.4z a1 a0

W2Of o255 [N 525 |o.33(23.0) 146 emsfin | 1.0l P7.s| 20.5{0.7 el [ 9.22] 444 0,5
11 1.oJ16 (1.5 17 JO.FUT.4|13.2 | 242 [0.5]178.6 | -

=
*
L]

73 [ 2933 [.131| s18 [0.33[22.7] L.46

T2l 20.025 |.067| a0z Jo.3of a.9f t.38 lizs{19.5] 1elas.s (a.0f 1a.8le.7)i38] 3.03] 5o 0.5] 3¢ T -

Lag
.
73

Jo.4| 2.09{ 79{ 78
2.09 | 81] 82.5

1.0{20.6 [s.0{ 18 |o.7hs. {25 sz foslais{-F.[-1{.

P22f 3.0 |0 a5 |0.33] 9.3[ 1.2 (10 [1
o] 9 Jorfaafasf n josfesal - |- [ - |

P23l 20.50 |.os78] 535 Jo.3311.0] 1.29 11 |15 1.0 18.4
wa9| .0 L0676 368 10.33) a.2) v 1z [1e |1.blers
7| ar.ss [Last| 780 [0.5 |en | nass|ir {15 | vofs0.1 fece

TPIB) 26.95 |[.197 | 689 [0.5 |54 { 1.885)11 {12 f1.0{22.5 [¢.0] 21
P19 27.05 {.157| 615 |o.5 |d8 | 1.385 11.;_153 10283 f1.s[ 2.5[0.7( 3,37 6.2 | 100.5(0.5] 94,7 [5.85 132{0.0 0199 | 125.3{ 10.92 f 362 3a0
' w2 < -~{-| -l3s}] wo.slos| 158136 safo.a[30.2] a5.4] z.oa| 92 %0

L¥ ]

2.61) rof &7

Ta.s] 32 |o.r|27.1] 3.2 25 los| 15.7 1 - R p 54,
9 |a.r|l1.9 In.z 155 |o.s 150 2,19 72i0.0]l0a.5) J00.&f $3.55f 151] 180

a.7(10.9110,2 [ {90 {0.5[179 1,75/ 53.0.87 80  122.5] 10.92 ] 156[ 160

W20y 2240 |.0i04 430 (.5 8.7[ 1.9 [15 [26.5] 1,0

Dutch cone test used in pile
capacity determination
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Effective
stress
analysis

B —method

Very few test
data for
¢’ and ¢’

Effective Strength Parameter

at{ &~ &) .. |atl &/ %)mx
. Type of | Stress {Average - '
Tests histofy depth _
_ c re T ri
(- | (t/e?) | (deg) | (t/m%) | (ceg)
CID- NC 8.9 0 22,4 = -
CID N | 16.4 0 19.3 - -
CiD NC 3,2 o 2891 - g
CID NC 15.2 0 19.2 - -
€K U NC 8.1 0 28.7. 0 32.7
CK U NC 4% | 0 27.8 0 310
NC 3.75 0 29.9 0 32.4
CKgU |
NC 5.25 0 30.9 0 3.0




Effective
stress
analysis

More ¢’s and ¢’s
at AIT Campus
but unfortunately
no pile test data

to analyze

Effective Str&mgﬂ-ﬁPa:r__‘&meters

at( 6,- )

&/ 8%),,,

Type of | Stress | Average L
Tests: | history | depth 1 o :
T Fl T 7
() | (t/n®) | (ceq)| (t/n?) | (deg)
[sii2 N | 5.4 0 2.6/ © ' 23.9
cTu NC 7.5 ] 21.4] o 22.6
TIOU | NC 7iE 0 21.4f o 22.6
Wi} NC 11.4 0 22,51 o 22.5
NC 1.05 | 0 2020 o 20.2
o NC . 2.45 0 21,90 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] © 26.2
LU 3.0 | 0 B2
Tv| N 5.25 | .0 22.2] o 24.4
[ ti] NC 9.25 0 23.0| -




Cluster of values
around 0.33 for 3

Back calculated
B values from
full scale

pile load tests

BELOW GROUND SURFACE (M)

AVERAGE DEFTH

AVERAGE SHAFT FRICTION; T, (tim)

04 . 08 12 L8 20 2.4 2.8
T T T T 2 T Y T

A STEEL

2 CONCRETE

FIG F.10 MELATOWSW® GETWEEN AVERAGE SHAFT FRIGTION () AND




Effective stress analysis- 3 method

iile | TR4| TPS| TP6{ TF7| TPS| TP9|TETO|TPTT|TRI2|TR15| R4 | TP15 TP16{ TRl TPRS| TR2g |1P27 | 1mas
F-_ . - - - a . .

T [9.61{0.63[1.07) 1.07{ 1,62 1.42]1.42{ 0,38} 0.27|0.34{0.87]1.51] 1.58] 1.21| 0.98| 1,40 .32 | 1.2
te/c) | . - |
_. "8} 1.8013.70{3.57{ 3.37|5.537] 3. 37| 3.37| 3.05{ 3.¢53.05| 3.05} 3.26! 3. 37| 4.02} 5.66| 3.97 5.03 | 4.87
(/) | : _ - ) '
f“"=3311375 7.5 7.5] 7 s.s| s.s| ¢l 10.6] -
,‘:’th - . - - - k- '5 . ?.5 5"5 5'5 5'5 5‘5 ?'5 705 g'g 9-6 1015 12-65 10-?!

&l ' 1 = @] _ :

Estimated B values from full scale pile load tests



Effective
stress
analysis
short
piles

B method

Fmbedded

w

FLE |Depth of | Ap | F [Na | Gvo| @ | P Avg 8| Qs u
|pite tip | (@) |deg | [t/m?| (1) |fm) [tengta] (¢m®) | (1) | ®© [10ad.
(m) | .’ .(m) | tests-
N ®
P4 5.33 - = |~ - |- |1.445] 5,33 | 1.80 | 4.6 | 4.6 4.7
s |13 |- | <f- |- |- [nas{1.3 | 370 l19.9 109 | 10.3
we | 7.5 - |.018/21.5/9 6.8 .78 | .471] 6.0 | 3.37 | 3.14| 3.92| 35
®7 § 7.5 |.o8|21509 (48| .78 | .471] 6.0 | 337 | 3.14 | 392 3.5
ms | 7.5 |.om|2t.5{9 |48 .78 | .471| 6.0 | 3.37 | 314 ] 3.92| 4.5
wy | 7.5 |.omje15|9 4.8 .78 | .17 6.0 | 3.37 | 3.14 | 3.92| 4.5
w0 7.5 |.oms|21.5{9 fas | .78 | .0a7| 6.0 | 3.37 | 3.14 | 3.92] 4.5/
wir | s.5  [.019]22.5{ 9.5 3.9 | .70 | .a97] 40 | 305 | 20 | 27 | 2.2
iz | 5.5 |.08|22.5[ 9.5(3.9 | .67 | 471 4.0 | 3.05 | 1.9 | 2.57| 2.10]
13| s.5 [.019 2250 9.5(3.9 | .70} 497 5.6 | 3.05 | 2.0 | 27| 2.16
v | 5.5 |.01822.5) 0.5 3.9 | .67 | .471] 4.0 ioaos | Lo 2.57"| 2.10
P15 | 7.5 02212150 9.0 (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 | 4.85 &5
wea | 9.9 lom9(25 |15 je.0 {174 | .72 | 9.9 | aez | 9.4 {111 | 9.0
W25 | 9.6 |.032)25 |15 .8 f2.8:] .e2 | e | 3.ss | 267|135 | s
T2 | 0.6 [.032(25 (15 (6.8 [3.3 | .92 | 1067 | 397 | 28 |16:1 |o12:3
P27 | 12.65 |.02|25 |15 (8.2 |2.8 | .70 |12.65 | sio5 | 14.8 |17.5 | 12.0
Wes |10.7 |.0a2|25 |15 (7.4 )35 | .85 f0.7 | 467 | 2400 (1705 | 1200




oepth of BASE SHAFT _
. Saft Clay Stiff Clay Sand - Qs | Qu |Quis)
MILE|P{te Tip :
. - % {t) [{t) Jload
EINRE. T | op bl AL jmeEg |0 re | B [aemd L Jas|x{veRd £ I fos .
| ] G | [temd)] 18) | - | (Ee) |{8) tdeg) {(t/al)] tm) | (0} {(r/al) (deg}{im) [t sy
w1 | 2526 .20z | 1s2s | 2| 3o | o [ o |03 a1 6.t §7|0.72]19.251 29 |-0.16 | 95 o - - - |- 1182|209 | 210
w2 | 202 faa Lusas|ors| ano | a1 ks |osa|aes| 66 [sejorzimas| ez e} - p - |- |- f132 160 | 168
T3 20.33 [L130 [19.25 . 7.5 38,0 | 38 [ 146 {0.33f16.3| .96 [6ajo.72f19.25 266 a2 [128{ -] - | - [- [~ {182 220 | 218 |
W | w.c26f.067 )21 | g8 15.0 | 2.6|1.36 [0.33]12.6] 5.4 |33foaz|a wejennjo|-| | « |- [-762[71] o
w2l 1080 |.o626| 2 6.5) 13.6 | -7.8| t.28 Jo.3a| 0] 3.5 Jv7lonz|a 9.6 06 |eo|-| - | - |- |-]us|[sa]m
TPA| 20.50 |.0676 2, FRS[WE] 8D 2970130 5.1 |2|a.7z|a S| 7.6 [nf-1 - | « (=~ ]-| 50|67 RS
TPIZ) 20,86 |L157 1 4 23,0162 { 1.805]0.33{15,0| 7.4 jsaio.n|A 15,8 {10.2 | &4 [1,0] 22.0 [25.5 |2.35] 46 | 199 16t | 508
TRIRG 26,86 457 134 s |26 n1s0 |1.e0sf0assof 7.4 |esiogz|n 15.8 {10.2 | 84 [1.0] 22.0°[ 25,5 {1.76] 25| 188 }347 | 300
YRS} 27,06 187 35 F} 19.0 {367 | 1.885{0.33} 13,0} 4.26 |34 |0.72{ 01 1.1 [ 8.z | £ |1.0] 6.5 zr [s.85] 63t e 3wy ‘3
lrm | 28,40 |,0404 | 35 cobwes fa e jeas]as 8.7 |Hienlu b ee | uino M.5)26.3 [3.6 {3i] 7o |06 | »e

L]

Effective stress analysis
on long piles- 3 method
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SOIL PROFILE ALONG MAINLINE (SOUTH BOUND )

CONTRACT NO. NSI-

Longitudinal section of
soil profile in the
second stage
expressway project

3 — — e
o
SOFT CLAY
= -10
L2
Z,
|E-20- > &
z 3
o ) UL
= =30
s 1'sanp_ LavER 'sanp Laver
i ,
- e
B4 RS > SO
2" very STIFF claY MEDIUM TO STIFF CLAY
=30 . __._;_-_ % - A AN MDA T SRS N
[ @
all x o o o o Q o g 0 o 0 2 5
PIER N s 4 5 5 03 2 8 8 g b 5 3 3
REF. Bz 3 2 3 ol 3 3 3 P 3 > 3 3 3
| a a o. a o a a a o a o a a o
T T T
CHAINAGEIQ+ 00O 10+ 500 11+000 1+500 12+000
(se) 380738 A
LEGEND

very sTiFF cLay [} meowm To sTiFF cLay
A\ \Y SAND

[ ] soFt vo MEDiUM CLAY

37 CLAYEY SAND/SANDY CL.Y




DEPTH BELOW GROUND SURFACE (m)

30 40 50 60 70 80

Wwithouk
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100

120 —

Bored piles founded in second sand layer



Name of Pile Depth Skin Load Average  Adhesion Mobilized
No Transfer Su Factor Displacement
Investigators m ton/m ton/n’ 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

o o o Ne (1983) BP2 11.0 6.23 14.5 0.43 2.20
Skln frlctlon '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

o o BP4  15.75 11.00 24.0 0.46 4.50
1n bored plles 40,00 4.90 28.0 0.18 2.20
BP5  14.80 6.90 21.0 0.33 2.20
19.8 4.10 24.0 0.17 1.10

oy e o . 38.00 6.20 28.0 0.22 1.30
mOblllzed ln BP6  37.50 6.80 28.0 0.24 3.00
BP8  37.50 6.20 28.0 0.22 1.00

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

Small plle BP11 22.50  5.80 10.0 0.58 2.00
38.50 2.00 17.0 0.12 1.20

CHIEWCHARNSILP TP1 - 1.40 1.5 0.93 5.10

- 4.60 6.2 0.74 12.90

movements SR 5+ SRS SR L S -
TP2 - 4.10 6.20 0.66 5.50
- 10.80 13.20 0.82 11.00

Of 1 tO 13 mm TP} - 4.70 4.60 1.02 4.50
« - 5.40 6.50 0.83 4.50

™5 - 5.70 6.50 0.87 6.20

- 3.30 7.00 0.47 4.10
- 10.10 21.80 0.46 10.10




Table 2.2 Recommended Ks Values by BROMS ( 1966 )

Low Relative High Relative
‘Density - - Density

Isteel piles ‘ - 0.5 o | 1.0
iConcrete piles | ) 2.0
iwood Piles R - 4.0

Pile Types Angle of Friction

Steel Piles
Concrete Piles
Wood Piles

20 deqree
3/4 &

Recommended values of K and 6



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

r&nvesthators |

| NG (1983 )

.
L]
A
L]

N ONOVD

| CHIEWCHARNSILP

L]

-3 Oh

6
5
4
7

10.
6.
4

8

| ( 1988 )

Recommended values of Nq for

bored piles bearing in sand
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K tan
for skin

friction in
Bored
piles

0.50 ~
. __Meyerhof (1976)
AdMMdA Data from SES project I
CEIIDData from Chiewcharnsilp - -
Resrssion line J
0.40 — | 0
K.tang = 0.0710535 EXP(O 0244? 3')
r = O 04
- 0.30 = .
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Internal friction angle, @

‘Fig 4.17- Relation between K,tand & internal
friction angle ¢ in SES pro,)ect



Bearing
capacity

factor Nq
in end

bearing

14 T Bored Tiles in Bangkok Subseils
N, = 5.302073 + (2.6 X107 )
12 T = 0.013854
i#71 g = 2.755033 [
ooooo SUCHADA, 1989 o |
= 10+ ***#=* NG, 1981 S - - o
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Angle of Internal Friction, 3

Fig.4.16~ 'Relafiqﬁship ‘between Bearing Capacity Factor, 'N.l;
' “and Angle of Internal Friction, 9, of Bored Piles



Adhesion
factor
for
Bored
piles
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K, tan

for bored piles
in estimating
skin

friction

in sand

Ks tan §

25— | ——— Vesic (1967)
| /

/ — Meyerhof (1976)

Driven Piles —f ., .
/- ® Chiewcharnsilp (1988)
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-Angle 6{‘ Internal Friction, ¢
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Adhesion factor
for bored

piles in stiff
clay layer

a

Adhesion Factor,

1.2

‘ Dnven Piles in Ba.hgkok Clays

7 £'S, < 22 ton/m

1.0 4 a = 1,4218 - 0.3613 In B
. r° =0.2446 -
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- Undrained Shear Strength, (T/m*)
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Piling Design | Avg.Actual| Actual | Working Calc. Load ot Max.
No. Contact | Contractor Type | Pile Dia. | Pile Dia. | P.F.L. Load | Uitimate | 10%D | Carrying | instru- lwemml

(mm.) (mm.) (MSL.) | (tons) Load (tons) Load mentutiot# Critevia | Remark

o (tons)

PPLT#= | | NSI THAI BAUER | Bored 600 6l8] -26.04 120 335 320 >>320 X 7 Tioe Grouting -#ox hefore Yield
PPLTE 2 | NSi THAI BAUER | Bored 1200 ngol 3232 425 917 900 980 7/ K Tioe Grouling
PPLT#3 NS THAI BAUER Bored 1000 ”» (-30.5) 325 727 916 1000 / / Toe Grouting
PPLT#4 NSH THAI BAUER Bored 1200] ”" (-32.5) 425 1004 89l 960 / X Tioe Grouting —Retest
PPLT25 | 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 /
PPLT#7 | EW! KIN SUN Bored 1000 " (-31.5 321 7301 600] 721 X X
PPLT#8 | EW! KIN SUN Bored 1200 u (-42.5) 425 966 971 971 7 /
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 38l >400 >400 X / tox before Yield
PPLT# 1 EWI Driven 600 600| -40.50
PPLT#I2 | EW2 KIN SUN Bored 1000 1057| ~ -46.50 425 1170 1425 1425 / /
PPLT#13 | EW2 KIN SUN Bored 1200 1247 -41.60 425 971 1250 1250 / / ,
PPLT#I4 | EW2 KIN SUN Bored 1200 12201 -32.45 433 959 >953 953 / X #ox befor 10 Y Pike Dia. Sell.
PPLT#ISA] Ew2 KIN SUN Bored 1200 1224 - .44.47 433 942 »I130 >1i30 / / Retest-Max befor Yield
PPLTEI6 | EW2 KIN SUN Bored 600 667 | -32.04 120 354 >327 >>327 X / Wax before Yielti
PPLTZIT | EW2 Bored 1200 (-30.0) (410) 940
PPLTZ17A| Ew? KIN SUN Bored 1000 1084 -47.25 433 1209 >963 >>963 X / _ maox before Yislki
PPLTZI8 | NS3 THA! BAUER | Bored 1200 (-30.5 406 934 >983 983 X / Whax before 100 PileDia. Sell.
PPLTZI19 NSS THAI BAUER | Bored 1200 {(-34.5 388 1094 985 285 X /
PPLT220 | N53 Driven 600 600 " ,
PPLT=21 | NS3 | ("ATHAI TREVI] Bored 1000 1029] -49.60 400 1273 >1500 1500 X 7 Isiax before 0% Pikc Dia. Sell.
PPLT#22 | NS3 || IMATHAI TREVI| Bored 1000 1052 -40.56 405 1041 >1150 150 / 7 Imax before I0YPile Dic. Sel.
PPLT#23 | NS3 || (TMUMAITREVI| Bored 1200 1266] -45.10 400 928 >I500 1500 / / x_before W56 Pile Dia. S
PRLTZ24 | NS3 | MPACENG. | Driven | 800|  800| -2030| 225 660| >600] >e00 X /2 |Max before vieid
PRLT#25 | NS5/6 )
PPLT#£26 | NS5/6
PPLT& 27 | NS5/6
PPLT# 28] NS5/6
PRLT# 29! NS5/6
PPLI# 301 NS5/6
PPLT & 3

Instrumented pile load test program
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SYMBOL

PPLT /2
PPLT /3

PPLT /12
PPLT 722
PPLT/ 23

5.0 O;’

4a,

4.0 +—

+ Xpb OO

SKIN FRICTION, T/M

e ———— @ UPPER BOUND (SOFT & MEDIUM CLAY)
- “'**..____

® (@)

s —_ = gve. DESIGN VALUE
AVERAGE PLUS 10 % FOR ULTIMATE
A
N

l ! I l 1 l 1 I ! l I N
8 10 12 14 16 18 20 22 24 26 28 30

PILE TOE MOVEMENT MM.

SKin friction in soft and medium stiff clay layer



SKIN FRICTION , T/M

12.0

10.0

®
o

o
o

ey
=)

2.0

SYMBOL
O PPLT/2 ; N=1I5
A PPLT/I2 ; N= 18
O PPLT/I3 , N =18
&, X PPLT/22 ; N = II,I5
®.,¥v,+ PPLT/23 ; N = 10,13,I6
|
A A
UPPER BOUND s X
A
AVG. DESIGN VALUE
PLUS 10 % FOR ULTIMATE
O
LOWER BOUND A
(@) +
v
1 1 1 i I l 1 ! ] 1/1 )
2 49 6 8 10 12 14 16 18 20 22 24 26 28 3C MAX.

PILE TOE MOVEMENT, MM.

SKin friction mobilization in stiff clay



10.0 |- o
~ UPPER BOUND o
=
~
-
- 80}
- .
o (o)
-
o DESIGN VALUE
® g0l v E
« 6. PLUS 10% FOR ULTIMATE
2 SYMBOL _ |
3 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

] ] | i ] 4 | | 1 ] 1 | / J

O 2 4 6 8 10 12 14 16 I8 20 22 24 26 28 30
PILE TOE MOVEMENT 'MM.

Mobilization of skin friction in stiff clay



2
SKIN FRICTION, T/M

20+
znd SAND (SINGLE TEST)
0.0
+
8.0 . UPPER BOUND
O DESIGN VALUE (LOWER SAND)
LOWER BOUND PLUS 10% FOR ULTIMATE
6.0l o) < DESIGN VALUE ( UPPER sm_ng
’ PLUS 10% FOR ULTIMATE
+ SYMBOL
O PPLT/2; N = 46
4.0 O PPLT/3 ; N = 45
&5 PPLT/I12, N = 34
O PPET/I3; N = 38
20 X,® PPLT/22; N = 52, 60
'+ PPLT/23; N = 70
0 | l ! I | | ! 1 I \ i | [ 1 L /N
O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

PILE TOE MOVEMENT, MM.

SKin friction parameter first sand layer



400 | #
350
#3

>
74 300
>
W 250 | z'z
©
w 200 - PPLT #& 2 Act. Dia. 1180 mm.
= Act. PFL. - 32.32 { MSL.)
o 150 PPLT # 3 Dia. 1000 mm.
— — PFL. -30.5 ( MSL.)
< PPLT# 12 Act. Dia. 1057 mm
) Act. PFL. - 46.5 (MSL.)
» |00 |- PPLT # I3 Act.Dia. 1247 - mm
g': Act. PFL. - 41.6 (MSL)
- PPLT# 14 Act.Dia. 1220 mm
» 50 Act. PFL. - 32.45 (MSL.)

, PPLT # 22 Act.Dic.1052 mm

Act. PFL. - 40.56 {MSL.)
o} ot PPLT# 23 Act. Dia.1266 mm
: Act. PFL. -45.1 (MSL.)
-50 | i L i i ] L ! | ] l 1 I 1 | ! ] 1
0 20 40 60 80 100 120 140 160

SETTLEMENT, MM

Development of bearing capacity at pile toe



!i

Pile| Type | Location Dia. |Length T.L. Tip - Remarks -}
No. | (km) -} m) | (m) (tonf)| Laver _E
- |Driven | km 16+035 | 0.8 24.6 840 1st sand B
Driven | km 16+035 0.8 37.% 872 2nd Stif | Lot. 6
TP2 |Driven | km 21+100 0.8 | 26.0 500 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 124400 0.6 | 30.0 690 lst sand . |
TP1 |Driven | km 214100 | 0.6 | 36.0 600 lst sand [Donqg Muang §

Details of pile load tests data for
driven piles from Ding Daeng - Dong Muang

Tollway Project



Local Skin Resistance (ton/m’)
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Tes!. Nb:::C!?'I-'_--A'. |
SKkin friction
from cone
penetration tests
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Test No: CPT-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)
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& 24.6 m)



Chin’s
Stability
Plot

50 &

£ N\stability piot |
0 ' ' 0

0 02 04 06 in.
At RETTLEMENT AT PILE HEAD



Chin’s
method
for
ultimate

load

O oz 04 06 in.
A: SETTLEMENT AT PILE HEAD

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



Chin’s method
for damaged
reinforced
concrete

pile

*

150

100 -

P:LOAD AT PILE HEAD:TONS

e 4/P versus 4
200} F SR

P versus A 3

V]

02 04 06
A: SETTLEMENT AT PILE HEAD

Stability plot;, reinforced concrete pile damaged at joint.



Chin’s method
for

pile diagnosis;
steel pile with toe
badly crushed

A/P x 103

3" Load Settiement - 200@

| ‘ -

<

. | | | K-)

.‘ o Stabllity Plot -

2rF | '- 4100
|/ A:SETTLEMENT AT PILE HEAD|
! 1 ] | 0

o oz 04 06 08 in.

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




Fellenius paper
on
interpretation of
load

settlement
curves

. 300 : 1 1 1

‘ EXAMPLE |
COMPARISON OF FAILURE CRITERIA
CHIN 235
BRINCH HANSEN 80% 21 | MAZURKIEWICZ 208
" FULLER AND HOY 203 . ' b &
200 — 90% 205 $__VANDER VEEN 205
’(};_ DAVISSON 18] UTLER AND HOY 185 ‘DE BEER 188
=
O
E

LOAD

100 —

| 1
o - L0
MOVEMENT (INCHES)
Fig. 10. Comparison of nine failure critéria

20



= oraphical methods

| Loa_d_ (tons)

“»3  Ultimate load from

'_

secer Joad-settlement _
*aes Mazurkicwicz’'s =887 ton
&e06d CPT method - - =886 ton
00049 Fuller & lloys =800 ton.
F111) Davisson -~ - =700 ton
20600 Butller & Hoys =790 ton
»oées De Beer method =700 ton

I R e e e 2 T T T T T T - ,_‘,"I —TT
0 8%. - 50 . 78 100 125 . 450" 178
Setllement (mm)
FIG. F.14 Test Pile ot km 16 + 035 { 0.8 m x 24.6 m)
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Ultimate load from
sraphical methods

vrevve Load—-sclllecment =
otetrd Mazurkiewicz's =]1043ton
0960 CPT method =657 ton
000 Fuller & lHoys =927 ton
Yoo Davisson =612 ton
ey Bulller & livys -850 luan
*+++2 Do Bccr mcthod *000 ton

FIG. F13 Test lec at km; 16 + 035 ( 0.6 m x 37.5 m)
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Load (tons)

| Ultimate loads by

1404 ¢
1 graphical I
1200~
1 methods |
1000 ~¢ i
1
600
wor eoees Londogoillemeit .
ahdl 08880 Mazurkiewicz's: =1240ton
L 00000 CPT method . =141flon
. | +4+++ Fuller & Hoys =1150ton
- xxxxx Davisson =852 ton
200 ﬂmButUer & Hoys =1020ton
1 De Beer method >000 ton g
[+) Jrili._;_:l_rl{JIIIJli;t]i‘llr[—l."lll[:ilit

K|

i

o 2 . &0 75 100 125 150 175
' - Scltlement (mm) o

FIG F16 P;lc at Dan’ Muan%’ ((TP'-’
o +Don Muang Project (0.8 m X 26 m)



N value Qs(%?) ) Qs(C?)
o (Measured) (tonf/m) (tonf/m)
0.8m diameter . |
8 15.7 |  12.9
spun piles 10 | 18 | 151
12 | 20.4 17.0
14 . 22.3 18.8
16 24.2 20.4
SKkin friction s | 258 | 21ed
. 20 27.3 - 23.3
per linear — ' _
22 28.7 24.7
meter - _ .
) ] 24 29.9 25.9
in medium 26 31.0 27.0
stiff to stiff V28 | 32.1 ~28.1
clay 30 33.0 | 29.1




Skin

Depth of 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

SKin 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) .
v 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 | 477 | 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 so;-




7. Number of Piles Required

For Solution A we assumed 50, 30 and 20% of the working
load on rows M, K and J respectively. The analysis performed

Franki piles in

Penang gave the results for Solution B :-
. f Micropiles
Defects in Column Working Load Allowable Load on | Toor Of Mrcior:
Existing Piles Working Load
enlarged
. J3 566 360 4 x 50t
Pile base J5 . 525 - 320 4 x 50t
J7 + J§ 1123 670 9 x 50t
J10 + Jl1 1124 670 9 x50t
J12 521 320 4 x 50t
J13 - 567 360 4 x50t
X3 666 450 4 x50t
K5 534 320 4 x50t
K7 546 340 4 x50t
K8 + K10 15619 1260 12 x 50t
K11l 526 320 4 x 50t
K12 529 320 4 x50t
K13 668 450 4 x5 ¢t
M3 512 360 4 x 50t
NS 503 320 4 x50t
M7 &+ MS 764 450 6 x50t
M10 + M1l 751 : 450 6 x S0t
M12 497 320 4 x 50t
M13 543 360 4 x 50t

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

10000

]
=
=z
[ =]
8000 N
o
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L=
i
6000
o
s000 {2 e s -
2 @ 3 2 S
— U 1 "— E
S T S 2 &
2000 | & ~ - ! °
S 3 = d
0
138 20 22 24 26 28 30
TIHE-HONTH
.D8
e e MAX. FROSASLE JAMEDIATE STTILEMENT
.18
AVIMGT FROBABLE -4
24 natE  rinemonte | Loan/ror | TOLALSFTILE ""z:‘;“"m‘l
= 02.01.80 | o.00 00 - - oo
19.02. 80 1.4) 1726 - 0.0197
R_..).'ID 2.20 311 - 0.029 -
50, 76.03.80 | .87 3508 = 5.038 -
- 72.0%.80 | 3.93 o8y - 0oy
.,'_- 27.05.80 | 1.90 1370 - (X1
,l_ 35680 | 3558 3837 = (X1}
= [iv.e7.90 [ N3] Teot 0,878 8.073 TOTAL sff?tmur
401 ¥ [oeew | T8 7191 o.088 o082 2
w [35.69.80 | 5.97 7938 v 5,091
,:_' 73.20.80 | 76.98 [135) I.L:_; .108 PLOTS OF;
04.97.81 | - ip.13. = [ - 3
o] 8 T : . 1; TOTAL LOAD VS TINE
. J (75097 T3 79057 = BEE 2) SETTLEMENT VS TIME
33.01,83 | -3%.7% = (XT3 - FOR THE ENTI
10.0%. 83 73.33 = [N} - RE BUILDING
[0t 33| 7.9 10087 [T 6118

Excessive column settlement 150 mm



Case history with
Y.S. Lau in Penang

Structural defects
due to foundation
failure

Defects in enlarged
pile base

@)

(2)

~

3)

(4)

(5

(6)

(7

(73

(8)

€]

1st Floor:
2nd Floor:

3rd Floor:

4th Floor:

5th Floor:

6th Floor:

7th Floor:

8th TFloor:

9th Floor:

10th TFloor:

Vertical hair cracks in beams J12-J13, K12-K13.
Vertical hair cracks in beams K3-KS, 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, M12-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, J13-K13.
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-M5,
M5-M7, J12-K12, J12-J13

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

Vertical hair cracks in beams K3-M3, J3-J5, K3-K5,
M3-M5, M5-M7, J11-J12, K11-512, J12-K12, J12-J13,
Mi2-M13.

Vertical hair cracks in beams J3-J5, K3-K§, J&5-KS,
K5-M5, K11-K12, J12-J13, K12-K13.

Vertical hair cracks in beams J3-K3, K3-M3, K3-K5,
M3-M5, J5-KS5, J12-J13.
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Settiement, cm.

N
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1

Legend

o—o  Column G-5
*~—e Column F-~10
—-— Calculated by
POULOS’ Method

-~
C 4

22.3 em.

cal. Pe

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



Sophistication
must go
hand in hand

Theory while
Standard
penetration
test is used

to obtain

soil parameters
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