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Abstract

This study examines the lateral load behavior of large bored
piles in Bangkok subsoils, focusing on two-pile groups, three-pile
groups, single piles, barrettes loaded along the narrow and wide
sides, and T-shaped barrettes. The objective is to assess the
lateral load performance of different pile configurations and to
calibrate appropriate stiffness parameters for the Hardening Soil
model through back-analysis, using three-dimensional finite
element simulations. The back-analysis was conducted based
on full-scale lateral load test data, with the test piles having
diameters of 1.5 m and 1.65 m. The barrettes had cross-
sectional dimensions of 0.8 m x 2 m, while the T-shaped
barrettes had flange dimensions of 1 m x 3 m and web
dimensions of 1 m x 2 m. Results show that two-pile groups,
three-pile groups, and T-shaped barrettes achieve the highest

lateral load efficiencies, followed by barrettes loaded along the

narrow side and single piles. Barrettes loaded along the wide
side exhibited the lowest efficiency. The calibrated stiffness,

expressed in terms of the total stress for Eu /Su which is

suitable for serviceability limit state design, ranged between 200
and 300. Moreover, the findings suggest that a medium-mesh
resolution provides a sufficient balance between computational
efficiency and accuracy in capturing pre-failure pile behavior.
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(—32A5Hr?wr(:oc-l2{5 m) 2 o © ]
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il 5 FoyatuiureanmageuEduuuEn RB-MN
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T N I B
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5. WAN13INY
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1 I3 1 I3 3 v aa a a
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ELTNLNZRET Bazta L duLUSA UL ULAY daE TNz

Snsuussiunhidiszdnsnmlunssuussinudheingn

n15197 6 JoyatuRuvesnsveseuEduLUSe TB [6]
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5.2 mTuATITYna U aaniua i asl

dwsuaiiuaiivnzaudmiuiandumsifouasiadung
naufonuuIaesdu HsM lugudl 16 fusgnuin navesmsuysiu
anvluamesRunissoutaziundoudaiunalsasaiuuiiaoiiu
HSM neld fine mesh lanaTAs 81 luUveIn Bk IT LYY
onidu 2 ndl Tdun nsdilfluddmnssueenuuuiandulugld
niidiliiansioh fe E, /S, eglutasszning 200 - 300 da
agludrnanduiingfnssudadunse dwdnnsdilddmudny
waAnssuvesandulunwsi fe E, /S, wirfu 1125 34

o Mgy a o= a ¢ o <
nuideilldldainuatlufnvinginssuvesanduipeuaziandy
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5.3 WginssuanduInnsiesIzvlag FEM

woAnssuvesaduien Wefinsunnslasiiuusiutuany
Anlugud 17 Al msldsimenanduasstuunludusu
wilerseufsiumisudeuunans Tuwuddagegnazfiatuiinny
dnanidfuasluuszana 7 waswaszslmwindy 4090 Aladauiiuse
sz 1250 Alailaeiu

dunginssuvesandunguuuu F2 uaz F3 Tagfiansanislnag
fiudsiumumnanluguil 18 dmsuiandungy F2 uazgud 19
dmduiandundy F3 uadengitiidiuiinisldsimenanduas
Andunnlududumierseudeiumisndunarasuieaty
wduien wiliuuddagegaaziind ugeansiuau 2 duns fe
usald pile cap Lﬁmﬁnﬂﬁ";LﬁﬁL%ﬂun&jmgnﬁm%ﬁw pile cap uaz
8n9a fie USINAINNEN 10 WATNNEIRAY muady Ingvaelius
ngvhduinavingy 4000 Aladwuiy widundy F2 ssiluauddn
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\Rindugeaaviniu 3880 Aladafu-ues Tuvasiadundy F3 aed
Tuuddnfndugsgawiaty 2205 Aladaiu-was dmunasiswes
Tuwudifidnatuesandundu F2 way F3 Slfifuiandungy r2
ihganzyszanowandulungu F3
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1000
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—&—Field Test PL1
------ Eu/Su =100
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= — Eu/Su=200
=+ =Eu/Su =300
— -Eu/Su =400

Lateral load (kN)

500

250

0 25 50 75 100 125 150
Pile head displacement (mm)

JUN 16 madwsinduiiemAaiviuavesiumieigouves Fl

Horizontal displacement (mm)
25 50 75 100 125 150

Bending moment (kN-m)
25 0

-5000 -2500 O 2500 5000

2 T a Ll
S
iy 7 Soft Clay
Hd
B
Medium Clay
-12
17
B Very siiff clay
<
g
5
a
-22
=27 Dense sand
2t [ - FEM 500 kN Very siiff Clay
— — FEM 1000 kN
— - FEM 1250 kN Very Dense sand
-37

JUR 17 madieseinislnsduarlusuddnves F1

dmungAnssueaa L%uL?ﬂmuazLml,%mejﬂu%uaunqamw
melfusanssviviarn fumilsugenniu nalinssifiaonndastu
navegeUluaunutuduiuanuasBesues FEM mesh #ldlums
Ans1ed Tuguil 20 warguil 21 Flifufanaveanisidentdnn
auLdun FEM mesh dwiuteniduiilen F1 wagiandungu F2 dana
Y09usInTETAiamizUsedevenaniudmaisminaziden FEM
mesh 'ﬁl%’ g fine mesh AU medium mesh ELﬁNaEJLﬂi’wﬁﬁ
e iunanagsuluauuy uaﬂf\nﬂﬁiugﬂﬁ 21 9wl fine
mesh liinanissiaesnisedeusvanandy F1 gandmanaaeuly
awa iflesnniisuniaves stress point Alinsafusunsiisianng
Wugeapluauy msfadsidulledisoidodasliian1siva
FedvdnavesemuaziBen FEM mesh ldlumsiaszsiliauslily
MATVe4 [9-11] FMFUANIT 7 uazmsnadt 8 S ldiudenn
WANANVBIHADAT e ATLALEER FEM mesh fiunnsnaiu Tng
NaLATI¥IINE coarse mesh Wag medium mesh dnsutandu F1
Wnadasieniitesnimanaaeuluauinyszuia 100 fadwns
Tuvaziin133nT1zReme fine mesh linadasizhillndide sy
navagouluauy duedungu F2 Winadias1zsisne fine mesh i
fnualiiunsindeusagenimannasuluauiuuiniuegiesoiios

Tuanefin153aT121dae coarse mesh inadiAsgvitiosnin
nanaaeuluau 32 Taawns dun153A31219Mme medium mesh
TinalnsgiilndiAssiunaveaeuluauuanniign MnaaveInIy
uAneA198s FEM mesh ildlunmsiiassinginssuvesanduiiu
fidedaldiaueumimmsidontd FEM mesh lumsiiasgsiiite
Tinadanezidivanzay Tag medium mesh duflamumgeauly
msnszinginssuadufieglutisidudunsadoiaduiioglu
anawldany Semsiusanssvinluanneilliiiuiosay 40 vesuss
nswviuszdedadumsinsanfidnduanuuaendewintu 2.5

Bending moment (kN-m)
2500 5000

Horizontal displacement (mm)
-25 100 -5000 -2500 O

Soft Clay

Medium Clay

Very stiff clay

Depth (m)

-22

2 ———FEM 1000 kN Dense sand

seeeeeee FEM 2000 kN
..... FEM 2500 kN
32 - = ~FEM 3000 kN
— —FEM 3500 kN
— - - FEM 4000 kN

Very stiff Clay

Very Dense sand

-37

JUT 18 madiasginmsinsiuazlumuddaveaandy F2

A15197 7 Wisuifgunsiieesanuasiden mesh vadaLdufen

Mesh type Number of Number of Max. horizontal disp.
nodes elements at load 1250 kN (mm)
Coarse 8391 5169 35.41
Medium 17079 10872 39.20
Fine 38299 25249 135.05

duandungu F3 fmsldsidesninandy F1 was F2 Wesan
usensviseduandusunnuaznsindaiuandudae pite cap lu
U 22 1Wunadeszvitanda F3 Wildinannnisinsigsidae
FEM fuaglinatinszhidadunsaduiiisafufuianduivsias
NRANTTU wuudanaanifesmnanduimieuseiintuliduniag
wseRsInvesTanyiady

Bending moment (kN-m)
2500 5000

Horizontal displacement (mm)
-25 0 25 50 75 100 -5000 -2500 0

Soft Clay

Medium Clay

Very stiff clay

al A S Dense sand
weveneee FEM 2000 kN
--FEM 2500 kN
32 L - = —FEM 3000 kN
— —FEM 3500 kN
----- FEM 4000 kN

Vely stiff Clay

Very Dense sand
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U7 19 wadnsnzinsinsnuasinwusidnveand F3

:4' = = ° a 3 '
A59% 8 WSHUWEUNITINABIANNALLDYA mesh VBAUALVUNGU F2

Mesh Number of Number of Max. horizontal disp.

type nodes elements at load 4000 kN (mm)
Coarse 13344 8314 45.85
Medium 22207 14206 77.84

Fine 43451 28585 119.97*

Mg * Ao MeAn1sATINALTINTeYi1 3736 Alalladu

4500

4000 —=—Field Test PL1
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------- FEM - Fine mesh
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T 2000
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Pile head displacement (mm)
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1000

500
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Pile head displacement (mm)

U7 21 wavesPuazden mesh dmiunmsiaziady F2

dmsunalaszvonandungy F2 uas F3 Tllduindvina

vasnsBadaiandude pile cap tudwmasionsinsfvonandy
wuRiutuiaduiivaseuluauiu uenanil Sniwavesssazving
vouaninlunguiifiszozvinsfuminfu 3 wiweswuiaduriiu
v;luéﬂmaﬁ”'u WUImaATITEE FEM dmSuandungy F2 uaz F3
Tuguit 23 FliifuimainszinisTihiuustutoanudniul
uansdvidnavesszezinashaadulunguidmaliandufonis
Teshiunnsneiu
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w000

500 :

3000 7

2500 /-

n
S
5
3
~

Lateral load (kN)

1500 /

/ ——Fi
1000 / Field Test PL5

! - - —FEM with Yield pile

500 i/ ------- FEM with Elastic pile

0 25 50 75 100
Pile head displacement (mm)

UM 22 Wisuieunadnssiandungu F3

Horizontal displacement (mm) Horizontal displacement (mm)

25 0 25 50 75 100 25 0 25 50 75 100

//
2 2
e
rd
e
7 ’,)‘ 7
I
rd
7
i
12 ; 12
g -17 E -17
= =
g 5
5 o
o o
-22 -22
27 27
2 — —FEM-PL3 (Leading pile) ,32 ——FEM-PLS
----- FEM-PL6
«weeeees FEM-PL4 (Trailing pile) — —FEM-PL7
-37 -37

(a) (b)

3U# 23 FEM mesh Aldlumsiinsigiandungy (a) F2 wag (b) F2

a '3 I3 I3 v a Y ad & a 3 aa

Mlpzialuwuisaguiii dmelsliludeduudauiflae
Fasnandulaeld EBE Muvasiiunasudusaliieuwihvaaninga
wnay WewSeuisunanaaauluauiuiunaiinsieilag VE Ay
KUUTIa09AY MC ¥99911439Y [6), wazHaitAs1yiinae EBE Tu
nuidedl dagui 24 Fiiuiinisdtaenandudog EBE Tina
Aneininaife sfunanageuluauNinaTwilaisunuanuidelu

a P < o o a o

i [6] ueitlialaidu FunsanseyingeuIn fiusen sevinuseuna 3000
o as a o X & a 9 v 1 P o '
f11 3500 Alaturulutu wadnsieiliainisiedaudingnd
nanageuluauinuin tosanwgAnssuvesandufian1izusa
nsEydInandgani sy sede FaNaInT1ERnIsLUUTIReRY
HSM ualvinalAsIzslnalAgeniuiunstindnansmeuuuitaasdy
MC TugrsmanduiingAnssudadunsslutausn nanismuunanu
wuasnty EBE Hudanalimandutuauisaiianisasinldiionihe
LSARTUAUNUIBLIIATIN
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N
a
S
3

2000

Lateral load (kN)

1500 e Field Test

: MC VE with Uncracked (Chanchai, 2009)
: MC VE with Cracked (Chanchai, 2009)

: HSM EBE (This research)

: MC EBE (This research)
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Pile head displacement (mm)

$UT 24 WSeuifleunaiasziadunudngusai

AunTaTeiEdusuiSavnn 0.8 wns x 2 wng laglilsg
N5¥IABRIAIULAY 0.8 LUAT (RB-MJ)‘Lﬁma%mswﬁé’agﬂﬁ 25 uag
msiussnsgvinseRavhunte 2 was (RB-MN) Winadiasesidegud
26 Fkiuinnsliusenssvinde RB-MJ szinnsinsive e
Hoenmslusenszyinse RB-MN osmnnavesamuunssva i
dnnnmsfilusudanudesvemihdageanimslsiusanseyiludn
sumils Tne RB-MJ inmsasndiusenseyuszanas 1250 Aladiafu
Tuaueii RB-MN 1Han15a31nfiusinseyituszana 750 Aladaiu us
WUIHEDATIZR NS ADUR Y8 RB-MN fluusliufuduegis
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auny el uiuradiasiziveanislilssie RB-MJ 91admamaun
PMnANURAUNAYINaNAda Ul UAUIN I BNAINNNSLURIMTNFRTZN
<& o A A v oo o
Wudwdeuiluind vy EBE

6. unasl

UsvavBnnvesaduneliusinssihiudnastuegiunisie
fornanduvonandulungy uarlumudanuidosvominda dma
Tandunguuuy 2 fu, nuuun 3 fu wasaduiudngusiidud
UszAnBaingedign daunisiasesitandalaeds FEM Adaes
wnfudne EBE lnsuuusianstanuuu elastoplastic filinanadoy
TndiAgatunanaasuluauufouuusassiu HSM 7ildlusu
Amnssumssenuuulutiiandudilifionsitafdndwlaonde
2.5 wioflusnseviUszunndesar 40 vausInTzyiUsEds Ao
E, /S, ogfszwing 200 - 300 Seadmhuaiiiaueiiorllunsdiilas
NANAROUNINIITWDSVDIMUUTIA0IAY HSM TuresujuRlaanss
dunainmziiadunguiuiinslisivesaduusazdulndides
fuynduidiesnniisozinsseni aaduusifivsmenagiaannainy
azL8uAUINITINADATIHILAY a'auwqaﬂssmaal,a%%uﬁ”’uﬂzida@"n
wnlufuiumisseufshumisudsiiunas lnowaiianesise
FEM shilenilndidssiunaneaeuluaunulugiediandudingfnssy
Fadunss uaznavesnuazidenes FEM mesh Huilnasiona

Aias1ef muATeiiauei medium mesh anunsaldlunisiasies
woPnssuvenandulutianginssudadunssiidndrulaen Sudsi
nanludeunthild daunisimsiziuuiedadlanidnaenand
$1a0988 EBE wiothnataszwlu1dluddimnssu duonadoad
ANSANYIBNBNANAITLUAITNANT LAY
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