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A Case Study of large diameter steel pipe pile Foundation
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SYNOPSIS : In this paper, a case study of drivability and bearing capacity of large diameter steel pipe
piles at PTT LNG site in Thailand is introduced. The LNG facilities were designed to be founded on steel
pipe pile foundations driven into the weathered rock formation overlaid by sand layers. The drivability
analyses of open ended pipe piles were carried out using GRL WEAP program and the bearing capacities of
the piles were estimated. Dynamic load tests were performed to evaluate end bearing resistance, and it is
shown that the measured end bearing resistance is smaller than the calculated end bearing because the
plugging does not develop sufficiently in case of large diameter pipe piles.

Keywords : large diameter steel pipe pile, pile driving analysis, plugging effect, time effect
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} & ¥ (time effect) = <18 Fwvlzaz m7]e
olof tigk HEZ}F Mal=ojof sty 183 FEFAYA A Aldle A
el 2o Ao E MAS]E A7 9Joevg 3 Q
= Hi=re] LNG HaAlA 1/‘}541}4 A 4 AHdse] AA H /\]% el & A7) st
. @A Project7} 18 F9<1 vl= Maptaphut LNG HSHA A FA & e ajat -3kell Alg 5=
Aot A9 72 dAe FEREYE o x2S adste F 37 A4 (9762mm, 914mm,
3 GRL WEAP Z213S& o]&3e] dte} g3Ho=E
&y H(Hammer) AlY 2 45 e Al FA19 <HA
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2. BiF R H =4 HE
2.1 BAL R

B} = Maptaphutell A A& <l Z2AEE LNG 94 7IAZ2 F2 AdZE LNG A% #93,
Process & Utility ¥ &1 F2E2 FA=HAUT LNG A% "€as &5 169 k2 F 27]9H,
Process & Utility® 713t&&40] 9 4, #Els 5 A& 367 522 F45o At s Fx2=52
F 2/a9] Heor 9 39 Ald(Berth #1, Berth #3)3 AAl/Q¥U4% 2 Pipe Line X & $3 Trestle
2 FAE

e

Phasell ¥ Future

Send-Out
Metering

i
STk

{Option) =

T T8 A FollA HAIA 27) A& Berth #1, Berth #3)2] Al&FAtElE 7l&steh. 19
1& 34 a3 =2 vehd Aotk ™ol A Berth#l& AA) 3+ A]A el Load Platform 17024, A4}
FH<t AJAM<Ql Breasting Dolphin 4714, Auke]l obde AFE st AFAS ZHolFe A4
Mooring Dolphin 67042 T4 %o At} Berth#32 Load Platform 1704, Breasting Dolphin 37§24 =X
?]31 Mooring Dolphin 2742 FAHo dut. #+2% 7% dHozyE 7|Ed Algd df 7259

71284, A% A0, AAA, ANFAH 5 285ty 37HA A4 (9762mm, 914mm, 1016mm)e] o) 7
dHEss Agstd 2 A WES E 1ol fostith

T & F2 U 712 ¥4 H 1
LNG Tank 160,000 k& 271 AP T 5
5 o= A SN o SIPN T H
Process & Utility 7%]2 ;&Z %E HZ];; §3}6O7H%; 5003Hon/d) PC &5 F e
Berth #1 : LP 1EA, BD 4EA, MD 6EA LP:Load Platform
A 2% |Berth #3 : LP 1EA, BD 3EA, MD 2EA AR IR BD:Breasting Dolphin
Trestle : #1 No.1~39, #2 No.40~48 MD:Mooring Dolpin
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= FAE A8 Fl FA = R . < HEA
we) Fom wgste] 2AE FAR, 2AAN A D PTA Y A5 fAF Aow vehht
ANEAED PSS R A PR N F 649 Fom FRAE AoR Uekon,
A T8E AFEFE =53 AEAY RS, AEA] RdS, Ra4 HES, FEAQ RS,
AE mE RN B3, 71N £08 dehht 202 2AEt U 4 A i ®
#Fol FE o|Fa Jom FHEE AE P AHEV 4ol vt 1ga dF FhdAE HES Y
B Ao ZAETh Jluere Sero® slqwelA o 20m shelA UEbe o 2
ATE 7]HEeE Ao EEEE HE e HEARQ RHFe 49, SPT Ngke] 50/10~50/1 W&=2 ¥
st e s Hola glom, 4 TxE 4 AHEsY dd AXFoRE APt A5
A AEe & 20 YERRSIT
* 2. A5 9%
] A= EA % ¥(m) N-value v 3
Layer 1 Aed wyg, 2 3.0~5.0 - -
Layer 2 AEAHQ 2 1.0~6.0 7~34 -
Layer 3 24 AE 1.0~4.0 14~50 ARFIF X
Layer 4 HEAQ B 2.0~8.0 32~50 -
Layer 5 HEAQ g, HEAQ B 2.0~10.0 50/10~50/1
Layer 6 ka1 DA - -
DISTANCE (m)
et [ b . i 2 T o
5]
104 / ' : :
;y z
= 7 /f £
8 5 i :
E i "
= o
- -
ﬁ i
.95
a0- [] Loose welrpoory gaged SAND | | ] Previous Borenole (STS_2005)
Medium Dense Clayey SAND l Previous Borenole (MAA_2005)
Dense to Very Dense Clayey SAND
E2] cranite (Rock Apro: ssasy
7] sendycLAY s ) 100
‘36_ Nets - number right to borshole s 5PT N valus
= 7 Linear Irterpolation only

a9 1. A% 9H E(Trestle)
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23 7|= 4 MF F TS HAIR

g grRbel AlEEe= o B A A Y x AL T2 st 20 adste] F 37HA A

74 (9762mm, 914mm, 1067mm)e] 774 ZHLES FEf AlFste oz At
Aot Aule] g=ko] & Berth #19 A% 7+x=d¥ = A% 0914mm % &1,067mm 7 ?}%}5&% i
Z g2og MAFP o ok Aure]l gako] AH o g A& Berth #3¢] 4F EE 7]%E 0762mm
ZaaEo g HAestgl ek A 2 oY ?%i‘ﬂ Trestle®] A-$¢ 0762mm ZAHLES 7122 3F
gasIth Ea BE Sz $HAFE melstel 13-4 dsle AN BEE AT, E 38 2
B I5E4E Q93] YEUAY
¥ 3 TREE U5 5%
e d762x14t ®914x17t ®1067x17t o
= Vertical | Batter | Sum | Vertical | Batter | Sum | Vertical | Batter | Sum
LP - - - 10 30 40 - - - 1:4
Berth #1 | BD - - - - 52 52 - 12 12 1:3
MD - - - - - - - 64 64 1:3
LP 6 12 18 - - - - - - 14
Berth #3 | BD - 24 24 - - - - - - 1:3
MD - 8 3 - - - - - - 1:3
Trestle#l | 1~39 67 147 214 - - - - - - 1:4
Trestle#3 |40 ~48 11 24 35 - - - - - - 1:4
Sum 34 215 299 10 2 92 - 76 76 467
X 4. 7]+ kA& g7 AREs 7)1 xe AAHL AHERAL A
T 2 Normal Abnormal =44 SPT-N#-& o] &3+ Meyerhof's
= State State empirical formula(1976\3)5 % -&3lo] A4 319 o
A k2] A 2.0 15 ], TE AwE SPT-Ngk 50/6U€e Axns JE
S 2 wE 4Ed R BQAE Ao AY
(13) 25 L9 Stk 7+ 204, AN D NE FAELS 49
F v}z Zow AR AHL 5 Al FHupEEZLo] <k
ot 3.0 2.3 ’
(1 A&e M7 AR
ST EELS s ofE AR HEY olyg gk, A XEF E 7E skF

¥ 5. XA A A7 (Berth#l)

_ 29 28449 34749
2z5 TEAA | o) — . .
== m | 2 Zendg | AuAA" | gEAAE | quxAH
(m) (kN) (kN) (kN) (kN)
MD-6| 1.067 10.0 4157 8,942 6,133 1,386
MD-5| 1.067 10.0 2,497 8,942 5,470 832
Berth #1 BD-3| 0.914 8.0 1,841 6,042 3,757 614
BD-2| 0.914 8.0 1,900 6,567 4,043 633
TP-1 0.762 16.5 1,835 4,560 3,014 612
TP-25| 0.762 19.0 2,737 4560 3,375 912
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3.1 SEIAYUY BN

GRL WEAP Z 235 o] &dto] Zudse] #AdA &4 Fdsden, &8 4H (Hammer) A€
9w geh A RAe) A Guey 5o g AR sAc 494 ARzde ® 6o veh
ek weE B9y GRS BE 49U Bdde) 1 BRI Jom diHs Auxde uE v
o7 AATIY Z "dHd g F335t9 o AlE Hammere 71E A& LE e AlF Ald 52 B435
o] ¥ 79 27FA] Type®l HammerZ A Astth L3 T8 #94 B4 A 483 Auke] A @
547 A AR F8 AP G, AR e Agagon, B Ay 95 $ely
T, AH A, @3 od 2 e A B 58 mEste T5s Aduoa #HAo] s A
o= 7M.

%6 B9H AExA #8 & #YAH HAE A34E e Bt H
TDER A Jegered [ 2| H = f 178kJe] oAb 7o @ Hammers o] &
P762x 14t f,=345MPa 4 | qgn & G, "ol AATAHA B ET] faA =
$914X16t | Fatowane=0.9%fy 4 A %7 FoEE 1m BYAl 1,0008F o]Ate] dElrE
$1,067<17t =311MPa 6 T 2% Aow AEFYL oY FAE B A7

2] 7159 500blow/lm & X% FAR

E 7. #Y4 AEE Hammer A D5 FE A TR E4 B AIFAY Asrt

T8 Type-A Type-B dd=s Aoty ey FHof 228kJel el
Ao AAAGNmM) | 178 228 WA GRoh 7bed Hammere] 2§ 22 %
A5 2KN) 150.0 200.0 Aol 25 FE AAS WSSy e, £
drpz Qg WALHE wHe] 5ggeyol
Max.stroke(m) 1.25 1.20 N o

A8 (%) 95 95 RS Ao vEske WA 228Nm ol
H]_—ﬂ. HYdl”aLlliC Hammer )6}94 o]'ﬂ' O]]L‘]Z] 2117} 7]’%'&5} Hammer% A]’

f3leE Aoz AAAN ActE

% 8 ¥4 HEZAN

= Hammer Type-A Hammer Type-B
A2 B F559| 9439 O IOETR
(mm) BPM - H 312 | BPM = H) 1

(MPa) | (MPa) (MPa) | (MPa)
Trestle-13 ¢762X14t | 1508 273.3 378 N.G 296 304.0 49.0 OK
Berth#1 BD-3 | $914X16t | 340 235.3 214 0.K 160 248.3 39.3 O.K
Berth#1 MD-6 |$1,067X17t| 1475 214.9 11.7 N.G 425 233.9 39.6 OK

o Cath memmme Coimp, Stress (MPo) e ENTHE (KD - - U Capacy (kM) Corrp, Stress (MPa) ENTHRL (R}
-I'\ “;. \ .". -4
FAN af v 4|, “
L ] T - |
[ —_— q! » [} T O B
. o . s i - .
5 o 4 “? 1} -] A 7 + 2
“ - it . - " “
- u- 1 1 1 1 " 1 1 1 u
T I B T T e w W w % W wm w m % w W
Blow '.-.-.ll ll-‘q\". m — Tes = IMPa) -— Swoke (m) i Blow Count (blows/m) Tersion (MPa) Stroke (m)
TP EA A (Cl)l 067, Hammer Type-A) A B A ($1,067, Hammer Type-B)
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g R OE AT He dA A FEvbed FEFEHIE ol &ske], 20099 149 AFEFE Al FHS
2 FAE A EE AoR Agsatt. mela g e FujAA S st FEfEYY B2 RH
AAE Z2AS 7= Hammer® Z2AFSE A3 3 99] 27FA Typed] Hammer7} @A A =5 71s
g Ao w eyt
# 9. A GBS Hammer A4 %= 7}% Hammer =5 WAL A€

7B D-80 D-100 Ao AR = 71 AANA AlbE 228kN.m

A o] 9= (kN.m) 095 280 5 wEehe 2oz YEiyth a2y A

B=F(kN) 30 100 Hammer?] 7Z-$- 25 Diesel Hamlr}eri*i 7]
& AF At 55 AHE o AA e A
Max.stroke(m) 3.5 3.5 . |
S F&o] 50% W&o, dAs Stroke |7t
£5%) 50 50 wohsstel W A ofel wAFo] o4
Hl 2 Diesel Hammer =3

gy 7] 5 AR AdS A w Mo fijbks FHEVIVE of# e Y] FHE o] &St 7
Hammer B2 Al&El @ SAA S Y5 & HFH o2 EEF Hammerd A oAFE HESH

2 stoh

47] HammerE ©]-&3F et A3 B A XY FH oF 5 ZQlstr] 9sto] &5 274H Aget 2
A Ags YAt ¢762mm, 914mm ¥ TES D-80, ¢1067TmmEEo - D-100S AH-&-3sh
o AgEr gt o Z At on, AlFdE AT ANtERALA Y 7} dEs AdEE A Hke] 2 skd
D50 e AlFo] 7HF ofEls AoE ddEE YAE AASAT =3 e BEO AAY &<l
2 AE HEYrlE S gt AAER FASAES 47 T AT sASAIE A DdEAA
d3e 7 109 2o

# 10, BASHAIE A =E AL

AA S AAH(kN) #4170
AR 95 37 4 =4
Ag AAY|Fd wgg| A | (m)
Berth#3 BD2 | ©762x14t | 4,560 2,447 7007 | 137 |N=50/13~50/8, 4m <9
Berth#l LP | ®914x16t | 6567 1,505 8,072 9.0 F3¢ 4m =9
Berth#l MD#3 | ©1,067x17t| 8584 2,427 11,011 | 110 N=50/1~5

Berth #3 Breasting Dolphin No.2 A& FX2]¢] Xub AL FHZEE oF 2m +3HS SPT-Ng; 107]
o =% HAEH RYFor FAH o, 1 SRR dudt mejd HEFo] ¢F 3m, 1L FE

AEA RgZo] B3t Aoz yebyttl Berth #1 Load Platform +7+e] 7Z-$ A5 = HE
& SPT-Ngk 30 40 9o v =3 HEA RYFor A glom I sEE
FAH(N=50/1~5)°] #x3l= RAo=Z ZAEAY. Berth #1 Mooring Dolphin #3 A% FA| &
°F 1.0m T3+ :éi v Z 2 52 SPT Nzt 20/30~50/30 Wele] dEd e 3o
40m, SPT Nzt 50/30 W2]e] HEZo] ¢ 20mz EXsH, 1 s T Myd A x=¢ SPT N
# 50/1~50/10H1 9] 2] HEH R Fo] Hxe Ao A

oo o
1
19, ox ofd
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3.3 S5t Al at

T A GEAY, AFHor wRe A #AAE o) ATl #UHAoH, Im #HYA Ao A
94t oF 1704508 AEE J1FA9 H0Blow/mE BEAAT AFEA FA FAGAAAN, 4
AAAH S vt 2o ® YERE T @914mm EEe] 49 Initial Testoll A= AAgkel wx]A] %3}
e, Restrike TestE &3 AAAAHS tSah= As FAQdsddnt. 22y AdSA A= 45 A
SA% Asb AAS vashel tha e @ YR, o AN HE e wel A
AEA wEAT] 478 Aol o] FolAA Bsky] el Ao Wy ey Fuviagel 74
G A Alaske] oF 60%c°]d & kel sASAE A3 deuted, ols RHSol £33 AdE 3
WE 5ol JPoR(AN waF /4 FuskEEel 2 et Ao Buwd,

¥ 11, AEE 2 FASAE A3

= w # YA = (m) E}ggﬁ CAPWAP 2 7} (kN) oﬁi} -
= AA (ANZ| gy | AeAAE [ FanEd] A | anm) |
O762x14t | Initial | 13.7 | 137 | &l 480| 4,160 3,860 | 8020 104 D-80
Initial ] 5,230 1,180 | 6410 108
d914x16t : 90 | 105 [Ad 170 D-80
Restrike 5,765 2815 | 8580 89
®1,067x17t| Initial | 11.0 | 175 [HA™ 280| 5075 6,095 |11,170| 102 D-100
sAAE A¥ZHEE D-80, D-100 Hammers o]&3 dl47 Z#u5 AFdS Fad o=
golstglon, W Al AP ol&d Bl /1ECmm/Blow) s F43E Aoz A
Adaz A3 A A gde]l P wep AR A Ho] AAGRY 2A YERa o
o Fuivizgoe] gt vmete) 4@ 2 g molmz AAAARS Fr AL W
v Ao YErRTE E AAA 433 38 el et vlaste] oF 50% o] 3te] FEI YA R E
e AFHL BNFE Ao e ok B BAA AL THe A9 BJAAIRS @
Av A zAow Agste] seksiA Aol dg Aoz sy

10w ehwh e,
3 AA AF 249 Aol sl B A

o
=X
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>
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2
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=X
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Oi L
T AtAIE Aol «lo}‘?i ®914mmeol o] @M= w o] st A TYEA B= A
UHERSL T

A, BE QAN RE AZL RHFOE AFse] FUrAEe SO, ARG AR A
AR Fuvtdele] 493 BEHe AnE vehle & & Ak olE B Ax Auwe] 5y
g, AMEANAI BeFow FHE Aol T AE ¥ AE Yol AP we BEF Fun
#e9) Z4E fdstel A dlgE ghuch 2 Funa=Ee Ued Aoz sud,

AR, AAN AR wE B AR 498 BEAA ARE AAgd o depgu] 444 3
oet g FHE AR Aow vewh ol MAAN ;W BE AWR A4 27 5o 9F 2
el AP Aol FHH AT A3 5L WA £F Avz BoEc AuAAG L Feel

o

Ao A7k 3 1200 8.okete] UERU AT
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F 12 AGAAH 2 FEel g A SA4 gk v

AR A F (kN) e o A (kN.m)
B _ 5] /X _ 3] /X H] T
T A% | Aea VYA wag | g | Y/EA| Hammer |2
(%) (%)
D762 4,560 | 4,160 91 104 46 Initial
6,567 | 5230 79 108 47 D-80 Initial
®I14 6,567 5,765 87 228 39 39 Restrike
1,067 8584 | 5075 59 102 44 D-100 Initial
4.7 o
=l s = LNGHSAAE @A olA AAjd & 74 dads dek AlsAbdel taf 2270
stolom, B AT AR B ST e 4% AL 5 AN
L 77 Z#Ese] Ag A8 (A 25 Aazded wat AAY AgAnst a4 A
e gea BE Ao uE Auy A4 202 A% ueste] BE AA8S Aok @
2o s daet

2. AstFol wEAo) S AASE A9, AAAEAE 1sle] U5 FHuEE S Ao A
Gt AT 2 AAAL groE sbestE R, Abde] dx) Ank 548 FE35| Thetste] AAE 59
slojof 8k Ao 7 ForETh

3. wE #QlA A whE FEpgE] A, dE AR fa 21, FHeEE 5o A 21, 49
2 bR o] oA &g Tol Wl Fo3 94w ZAgamE AlH o]d I HES FRE3
Fefstoor g Aojr}
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