NGCE3(]

N15Us2YIVINTIANTIULESTWAIYG A
Ui 28-30 NOWAIAY 2568 2.USTAIUAITVUS

¥ s
¥ o

3 30

<

The 30" National Convention on Civil Engineering
May 28-30, 2025, Prachuap Khiri Khan, THAILAND

o

N13ATIERANTIOULTIAMUUTUVD IAUN 95895 UR B NINAUT AT U
TngNa1501AURUSUSTIULTINUN VD IAU

Probabilistic performance analysis of TDM column-supported embankments

considering soil spatial variability
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Abstract

This study presents a numerical analysis method that
considers the spatial variation of both surrounding soil and soil-
cement materials in  evaluating the performance of
embankments supported by T-shaped deep cement mixing
columns (TDM). The approach applies spatial variability
simulation combined with probabilistic analysis using the
Adaptive Kriging Monte Carlo Simulation (AK-MCS) method. The
study found that considering the spatial variability of soil and
soil-cement materials significantly affects the probability
Although

deterministic analysis results indicated that both embankments

assessment of embankment system failure.

supported by deep cement mixing (DCM) and TDM columns
meet the specified deformation safety criteria, probabilistic
analysis clearly showed that both systems have high failure
probabilities (exceeding specified criteria), especially regarding
maximum  settlement. DCM columns demonstrated better
efficiency in controlling failure probability in terms of maximum
settlement and lateral movement, while TDM columns were
superior in reducing the failure probability related to differential
settlement between columns and surrounding soil. This study
highlights the importance of probabilistic failure analysis that
considers spatial variability for efficient and safe design and

performance evaluation of embankments on soft clay.

Keywords: T-shaped deep cement mixing column, Column-
supported embankment, Probabilistic analysis, Spatial variability
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set,max lat,max set,max

FgaEn MIARoUMIMUTINEIEA waENINIATLANFA9 U an
uaz AJ,

set,max

q
P
=

muaRy o, 0, fomvesilUsNLAnau

set,max  “lat;max
s3sluszuudumnei lfannsiinsgsideisnisinludiod uud
Hesmnmsiassnnuuusunudeiuiidesalianauinuda g
funusludazdnia Sellausafmusgaiiuiueudniumsiie
nawndeuiiganlddamin dadu msfinunilldasBnisdumgei
finsngadafiuniaausnafduld funisdmiunisiesed
0, dmiu AJ,

et e AM1I0AMNALANINAANNANTEN T
mngaitesigauazinniigniseduinauluuTialdfunig dium

o)

lat,max

AsanNNAINTAGa Ul UMY X uINigausiin

o 1y =

Y] ¥ o v 11
Yangaunie (x = 9was) dusunsAned nvuald o5

set,max
allow allow
0 way AJ,

hatomax mex WAMAY 150, 45 LAy 30 Tadiung
A1ua1aU Lae9198991n 9193 Tun aunt1984 Phutthananon et al.
[11, 13]

59T LSF andendnnnssesaldd wiefladdu G den
wnnigud (G > 0) mnefvannzsisnmiovasnfove aszuu du
13 lunanduiu winiidu G dedesniigud (G <0) azde
szvuiunvegluaniyitivielivaendie
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Tumsuszanamanuiiasduveansiga (Failure Probability
%39 Pf) 35 Monte Carlo Simulation (MCS) 1duisn1s7 dould

a

TaganunsamualdnndnsdinssninauIumed 19iinn1 5308
podIuie N alun1s$aes dusumsinunid P dmsu

wiazanzdndtnaunsalseunalaanaunsn (9)

é [kN/m?]
>100.00
95.00
90.00
85.00
80.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
L_v‘ 8 10.00
5.00
0.00

Ul 6 msnszaeives ¢ lunuudaesliiludioaid
Pf, =P[G,(x)<0] ©

1881989970 LSF Awansluaunisi (6) - (8) vilianunsariu
anuihasduresmaitinuanizlasidasng q lawa anuiias
Julumsidhivesnimyadgean (Pf.,) anuhandulunisiva

voansadewiwutisgean (Pf,, ) wazanuhandulunisidh
VBININIARINUWANANAUGIEA ( Pl ) wnlUndndu anuniig
vDuluns3dfvewissuy (Probability Failure of System, Pf,)

arunsasualdannaunisi (10) mufiauelae Phutthananon
et al. [13]

N
Pf, =P| (G (x)<0) (10)

i=1

N

Ty N, foswauues LSF (3 lumsdnwi) Samneisenaineg
\uieehaoemilsilaifuaziirmiosnigud

Mshaszanuu g eielunsdnui i3 Adaptive Kriging
Monte Carlo Simulation (AK-MCS) G . uidumaiian1sinses
anuUdefedi fussaniamgs Insuszgndnisuaunauszving
wliaa Kriging U38 MCS ifeuszanamaiuinagid uvenis
AT wandugud 7 3Bdenanannsaanaisemsduiaiiey
Fudeugsliegraliffuddy esmniBianadlidududesusziiy
LSF dmsunndteg1elulszvinsves MCS (MCS sample, 7y, )
feBnslludiodiund nszutumIves’s AK-MCS Bududienis
a5 nye Tusuuiuinuazadiaunluea Kriging 10 osiuan

N15UTELTW LSF veaUsyv1nIna uusninuiuil e (Design of
Experiment Sample, 71,5 ) antudssuugaumlunaagnadu

szuulneiisiiudegndanuliwdueuguaregluuiinalndifes

furauwRanlndin nsuiunsianatniuluesgnsdeLilo
unTEIIMANLAaInAdouYaInnLas lurasm TR ulU Ay
wnainsgiiiimvualiluaunisn (11)

C Start )
'

| Generate MCS sample I

.

| Select initial Design of Experiment (DoE) |

.

| Evaluate all Limit State Functions (LSFs) on DoE |

.

Train the Kriging
metamodel according [«
to DoE and LSF

. i

Use Kriging
metamodel to predict
failure probability

Evaluate LSF on the
additional DoE

Identify the next
sample to add to DoE

A

No

Convergence
riteria satisfied?

 ea )

JUN 7 TuneumTinsgsieigds AK-MCS

(33

(11)

0 ' ' 3 L. ,
Toy Pf° AeorrUszunuanadgainuailuma Kiging dau P

— a I [l <)
b1 Pf ABVDULIAUULAZVDULYMANVBIANN UL U UV BINS

wa

il
3. WANNSIATITH

3.1 MswyIdevANUgndaseuyTIaadlnlusdiodis s

n13asRdeuANUgniesvesiuudiaatiiludiediuudagn
fuiunslneiFouiisummamsadauagmaindsuiafudieiivi
mssseieluanudusaiildonmsienedliludednud Tnems
nyndaluaunlignind fsnansdunsuaznisiadeudadudiagn
A9I9¥nfiszey 12 Wnsanfnanadumia

Han1sUTeuiBusEniisasialuauuLasian1siAs 99
e dlluiediuudves DCSE Tunsdlfinw1ass (Case Study) Wens
Uil 8 Mnransinsidslnludeduusvesnisfinuninyd
nadwsilsdanuaeandestunanisnsroialuauudusadlusu
n1sM3AFRA A InasiumIe (U 8(n) waznisiad sufadiudig
(§U7 8) nadwsildduandlidiuiuuuinemafingsuvesiunay

GTE-34-6



M5UTEYNIVINTIAINTTULETWIA A

Fufi 28-30 wowAAY 2568 2.UsZIURTIUS

¥ s
¥ o

3 30

v g

The 30" National Convention on Civil Engineering
May 28-30, 2025, Prachuap Khiri Khan, THAILAND

0
DCSE case :
@ Field measurement
20 Case study
E Ref. case in this study
£ w
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DCSE case :

‘ Field measurement
~—— Case study
- Ref. case in this study

30+ T A | T T
0 10 20 30 40 50

Lateral movement, 4, (mm)

(@) namsiasEnIsndousianiudng
U 8 mamseseilnludiedumdideimn

wis1imeiiilddanuundefeuazarunsailudsegndlideld
dmdumsliasigvinadiéneds (Reference Case) dusunsdinunil
Tagluns@nwnd didenldduiununsddradeiuuuseain
naflfnwase (e iuianivauuazianduliandu) muniideves
Phutthananon et al. [11] dmfun1siwsizidinnnuianduley
FriliisruusunudaiuiivesaniRtunasiadufufung

3.2 maSeuieuaanisieseiinludiodmdeniviun

msieszilnludieduuiideivunasldraisvasnsiines

WIMUR (Gusom» Rusems S, wag R ) laglaiiansanan

v
WUsUTIUERUA nanisTesesinandlumsiedt 5 Fadseudiou
AU550ULU89 DCSE uay TCSE (n561989) nnuansiasIzsinsly
uandu ToMTUszansamddniluniveanisannisngadai
LANAITUYRITEUUAUNIG wragalsAmu asldiandy pov
mmsameamsﬂuzﬁﬁﬂdﬂuudﬂuaamswqmﬁaqqqmt,azmnﬂﬁau
Faduing Tnenadnsilatifianuasnndesfunsaneittnuan [17]

715199 5 Han1seeilnludlediudideiivun

weAnssunaLdegy DCSE TCSE Anflsensuls

96.17 99.08 150%

MIVIARZEn ()

nsiadousafudagean (o) 18.83 23.99 a5

ﬂﬁmmﬁaﬁl,l,mnﬁwﬁ'uqqqon (3131.) 9.70 7.35 30%

* Phutthananon et al. [11]; ** Phutthananon et al. [13]
3.3 wamsueTeflinludedugifnnuresdulunsivs

NansIATERTennunsilurasfunissessumea i udiu
Fuuanandiiiue g 19TAlRUTIANNLANA 1A UANTTO UL TENI
DCSE wag TCSE (n3dl61989) Inwg19d nauein1sussiiluaussaus
9710 U.S. Army Corps of Engineers [18] mﬂwamiﬁﬂwmamﬁqgﬂﬁ
9 WUl dmTuAuNINIARIgeEn Aun1auselam DCSE dh1 P,
Wiy 0.0521 wieflaussausd “s” (Poon luvaediduniayszuan
TCSE fifn Pf, Wiy 0.116 annsadnaldidsesuanssnugilain
wala (Unsatisfactory) 91nwan1s3asisiiamnsayadliiulea
msldiandy oem Temansidansnuasisesuaussousinn
1 5¥AU dmSunisied ousadude Aunisuseian DCSE wans
anssougd Auiu Ined Auniassian DCSE a1 Pf, Wity
3.00 x 10° Faflszdvanssaugil “ge” (High) Tuvadidumissziam
TCSE dif1 Pf,, windu 4.51 x 10° §aflszduaussausiiganin
1137g1U (Above average) lushunsmgadiiumnsnsfuanidy Tom
aunsauansUszans nnimileninegetaiau lned nsdldun
Uszean TCSE A Pfy, wi1du 1 x 10° @aussauzluszau
“g9”) uazAUMUIELAn DCSE AN Pfp, Wiy 3.2 x 10° @

a

aussauglusydu “A”) nansiesivviilaennaseiunanisiAsy

-

Barmunidlesanaudnuuziomendlassaiiavesandy TOM il
yunduiitieddwaliiAndoussndundudaduiivinndi
vy DCM FrsmailTailiAnmsngafgeaauaznisadaui
dudnafiunn Tusasfauisnanmauuandsuean myac
surhaedunaziulneseulding Mailmshenesiduanddiiiu
'J'weﬁ"sLnJwﬁﬂﬁmmumﬁﬂ’amaqﬁgﬂizuuﬁulﬁmmﬂwqaﬂsiumi
NIAFMIGIFAVBITLUUAUNS

dlawSsuifisunanisiieneiidenuatunanisiasesiide
Anuthazdunuidanuusnseiuegnedidedfy nanfe wans
Siaszefifeimuausdtaszuu DCSE way TCSE a1u1sasesiu
hwiindumsldlnefidnimsasgean matedousadutng uagns
nyafiiuandsflumsed 5 feliiumisensuliidinualilu
115197 5 (ogluinausiiivasnss) ag1alsfianu iofinnsanana
wsUrudsituiivesauantifuwas Tapauuudlunsies i
auasdulumsith ndunuihdlenafissuudunnsaziinnis
FAldge (@ussauzgnineglunamifislomaidedunsivhfigain)
Tagiamnzoesdalundvaamsngaiagegn favts DCSE waw TCSE &
aussouzeglusziuitlivimela
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> ]
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o ]
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4. a3d
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fmuLLUsiJsaut,%mﬁuuﬁmaw%auUvaauimssauLLaz’Jfa@aus‘z‘ijwﬂuﬂﬁ
Ussiiuaussougresdiunnssesiuimeiandumudiuusisusi (TCSE)
wWisuisutuandufudiuudgunsauni (DCSE) lnsnanisine
annsnagUlaail
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Usgdnamaninlun1smuaunInIafigegaLazng
wdousdnudng Tuvaedl TCSE Susvansmmmioniilu
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audasadeiiugse fufu msliemgieniniidetioss
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