woanssnszazeIvavnadiiiralseniuluiuiduaan

unn 3 nsasshinludiofiawe
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MyIaA W ludtediuadniiunislaslslysunsy ABAQUS sUTMILTadiaua:
fulsznauves element maamehaaovl,wvl,mﬁaﬁmu@“’lﬁuaﬂo‘lugﬂﬁ 3-1 MTIANR
@ALAWNTIULUY plane-strain condition gnrvaulamuiuazdwavauyAluuuuEsULR:
Fuussluumasanirinin LLa:Lﬁaaﬁnnmmaummmaoﬂqjm‘?jaﬁmaauum‘haauﬁmud
ﬂ’%dﬂﬁwaoﬁty%ﬁ NINUDULAZYIDIINDIG28 8-node biquadratic displacement, reduced
integration continuum element UazAULWHLE2I91889628 8-node biquadratic displacement,
bilinear pore pressure, reduced integration continuum element wqamm‘nadﬂi’mnﬂvﬁ’mad
lavlFuuud1ass Mohr-Coulomb wazwg@nsInsasdwnilsaiaaslaslfiuuudiasy clay plasticity
’3’&@3ﬁLﬂuﬁaﬁ‘i’laaokﬂuklinear elastic material (ASTM F 679-86: type T-2) Ufjfunuiszninevia
uaznonusay 9inaslasld surface-based contact lasflaugnaliiinndenloauaznisusn
panMNNRITRININaLAzNTIEOY drat19adlasatng IWludiafunaflslunsie e wlduaas
‘lugﬂﬁ 3-2 $1IUV89 element AlFiTuN 1900 (n3divasiasdn 2 was) B9 2200 (ndivaITa
3N 3 Wwa3) FanmTAaniNanIENUa mesh size WFANLNTUIURDING

Pipe installation
with/without construction

sequences modelling li?surface
Sand Clay

Depends on

trench depth . . .
: With/without interface

1000 between sand/clay

I \K

With interface
between pipe/sand
6150

Smooth and restraintin
the horizontal direction

Smooth and restraint in
the vertical direction
l Unit in mm

10000

3UN 341 wuudeesmasnadiadmniuidymiiansi
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Trench boundary

3Un 3-2  drasvaslanstie W ludioding (NIIBIAN 2.0 ¥ uaznie 1.5 v)

3.2 WUUINRDIAK
3.21  UULINRDIAKLUY Mohr-Coulomb

LUUINR8IGUILLL Mohr-Coulomb tuwlUUF1889LLY linear elastic-perfectly plastic Q’l"ﬁ

¥ o

ABINNNUAAT Young's modulus E Was Poisson’s ratio V fnTugMANTRSMEANvaIEN uaz

A09rMUAEN friction angle ¢ dilation angle /. Uaz cohesion intercept ¢’ MWILATUIUTA
myAavasiu deluiazeSunsdnwmsrasuuninass Mohr-Coulomb fllulysunsa ABAQUS
TamMuan1IUATaILLLEI889 Mohr-Coulomb fwualwns3tTaiAaTwila shear stress
ﬁq@‘l@] giawluasdudariniuafiudsdiulasasaiudn normal stress luszuiui@sanu
¥UUI1889 Mohr-Coulomb ﬁﬁugmmnmsmmonamaa Mohr §1%U&N WY 89A LTI
ama:‘iﬁﬁlm:mwaammtﬁu%ﬁnmnqma:ﬁaUqﬂ WA aEuasI T FuATINALTD
Mohr mahmfuﬁommlugﬂﬁ 33 GniudammuadniumAtavesuuU e Mohr-Coulomb 2z

denulasgunsf (3-1)

T=¢'+OXtan@ i (3-1)

lasfi 7 o shear stress, ¢’ fia cohesion intercept, 0" fla effective normal stress, LAz ¢ fla

friction angle UaI&A%




waAnIINsEzgIvaInaasiralsennluiuinuaan

td

0,+0, (compressive stress)

¥ o

5N 3-3  derimuan33UaueInuudI8as Mohr-Coulomb luszuny meridion (HKS, 2006)
L

¢i1 friction angle ¢ 9xAILANIUIIVEY yield surface luszwy deviatoric auamalugudi 3-
4 ¢ friction angle MaNIAANIENINI 0° < @< 90° lunidift @ = 0° Wnuuusrass Mohr-
Coulomb 9:na18tiwilyUIN809 pressure-independent Tresca I@ﬂﬁﬁgﬂiwtﬂmnmﬁﬂulu
U deviatoric lunImaniu @ = 90° uuus18a9 Mohr-Coulomb znasiiuuuuinggs

“tension cut-off’ Rankine model fifigusatflumannaouluszuy deviatoric (n3diitliaynna
fIVUUVI1889 Mohr-Coulomb lulisunsy ABAQUS)

_.—~= Mohr-Coulomb

(¢ = 207)
0=n/3

- Tresca
/ (9=07)

¥ 72\ Rankine

, ~_ (06=907)

» =

=213 - No=4u3

T~ Drucker-Prager
(Mises)

5N 3-4  Tarimuan13@vaIuuusIass Mohr-Coulomb Tuszuny deviatoric (HKS, 2006)

(MuannazURAIALTNAL)
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woAnIINszezeIvaiaderalseninluinianadan

Tornuavas flow potential a1 FLHuNaTULLY hyperbolic TuszuuaINULAY meridional
aauaaaluzLf 3-5 uanidusTuwuy smooth elliptic Ailaualas Menetrey & William (1995) lu

I deviatoric ﬁauam‘lugﬂﬁ 3-6

3

\
3ﬂﬁ 3-5 ParNnuavas flow potential VaILULINRBI Mohr-Coulomb 43241y meridional

(HKS, 2006)

_ Rankine (e = 1/2)

,,,,, — Menetrey-Willam (1/2 <e < 1)

© =4n/3

: ThE Mises (e = 1)

0 =2n/3

gﬂﬁ 3-6  Tarinuauad flow potential YaILUUI188Y Mohr-Coulomb 113z u11 deviatoric

(HKS, 2006) (ANULAUNAILURAIA T UAL)

lagdafmualsudunasdn deviatoric eccentricity e 3zfuInlasdnlud@dislysunsy
ABAQUS anuftenuluaunis (3-2) mssnuiniiiivelw flow potential @397V yield surface lund

triaxial compression LLaZ extension Tuszu1y deviatoric
_3-—sing
3+sing




WOANTINITIzE VB ad I Talsen 1 lnAwiianaan

Toruauay plastic flow 1wz 1y meridional stress plane N sadlaniwlngifies
associated 5ian angle of friction @ Uaz¢in angle of dilation W Adyinnuuazinnuadi
meridional éccentricity € fifidniasann agnalsfianaulagnd plastic flow luszwuiiaziiuuuy
nonassociated &IWINW plastic flow luszuny deviatoric stress aztiluuuy nonassociated L&da

2:uun13lFUUI1889 Mohr-Coulomb 9:@ININNIAMITMUY unsymmetric matrix storage

and solution scheme

3.2.2  uuuIIRaIAKULLY Clay plasticity

WULI8EY clay plasticity lulilsunsn ABAQUS thuiusinusnguauuydiaas Cam-Clay
o X o a
(Schofield & Wroth, 1968) WUUI188I%A yield surface AIFUNIN (3-3)

1 2 { 2
— 1] #==| —1=0" (3-3)
¢ P \a Ma
L N
lagf p= 5 trace O h average confining pressure
3
1 1 1 (r “ Ny
l=—q|l+—-(1-—)| — @8 deviatoric stress
2 K K'\q
3 s =1
g= ES :S A8 Mises equivalent stress
9 3 “
r= ES :S-S A8 third stress invariant
M fAashasififunuaanutuvsidu critical state
p fasaan lasfiduviniu 1.0 Lﬁaagﬁ “dry” side

29IL&n critical state (t > Mp) wia199zA161997N
1.0 Lﬁ'aagl:ﬁ “wet” side UDILAY critical state
(@orimua f# 1.0 azvhldifiaanuuansives
ellipse Y83 wet side VaILEY critical state wazIzil
“cap” finaasi S < 1.0 sausaslugud 3-7)

a, faeuis hardening parameter AirMuATMIAE
yield surface

K AodaTEIBVBIAT flow stress LURNW triaxial
extension a1 flow stress TUWRNN triaxial

compression UazfiTMUA3LI983 yield surface Tu

32U deviatoric ([ I-plane) (muuaasluzudi 3-8)

10
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critical state line o B=1.0

N
\

hel

R

Curve K
a 1.0
b 0.8

a

311 3-8 Clay yield surface luszunu [T-plane (anuidunaazuaassniuau)

Torinua hardening law NifMUAUUIAVDY yield surface lunﬂ VUTITATUIUIINAN

P : . : ; a & i
LINAUVDY hardening parameter a_ wazlIunmaal plastic volumetric strain 92LAAUUANINNITA

(3-4)

Iﬂ Uﬁ Ag plastic

vol

K
y)

1+ i
a =aoexp[% Ag‘f:)lfw‘ :| .................... (3-4)
K

fla plastic volumetric strain (ﬂ’liﬂ@lﬁ’)%zl'ﬂ%ﬂ?ﬂ)
fla logarithmic bulk modulus ‘liadﬁ'aq

fin logarithmic hardening constant

A8 initial void ratio.

11
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A1 a, axanansniienulasimuedl e, Tailugadaueaidu virgin consolidation line AUWNY

void ratio luwRaava4 void ratio e versus logarithm of effective confining pressure In p (@14

uwgaaluzLf 8-9) 61 a, arilonuauaunisn (3-5)

1 e,—e,—Klnp
a, =—ex 2 =l W W, W e 3-5
o p( <% ] (3-5)

lash P, fadsuduad equivalent hydrostatic pressure

3.3
3.3.1

-~

e, voids ratio

e, - locates initial consolidation state, by the
intercept of the plastic line with Inp = 0.

elastic slope E(dlfx‘p) = -x

plastic slope % =-A

Inp
(p = effective pressure
stress)

Ellﬁ 3-9 W®NITN pure compression VBILUUINNDI clay plasticity

aa a > a '
QME“I&J‘UG\‘IJ 297 ﬂ@lﬂi%‘l%ﬂ’]‘iitﬂi’ltﬂ

D)

(AMRUTAAIN ASTM F 679-86: type T-2)

:J'a@!: Poly Vinyl Chloride (PVC)
Lﬁuﬂhﬂuﬁﬁa (nominal pipe diameter): 36 i
Lﬁuﬁi"lf}ugﬂﬂqx‘)ﬂﬁlﬂuaﬂi 1000 uu
Wuwrgudnanwmelu: 942.6 Wu
ﬂ')']ll“u']’ﬂaﬁ_ﬁa: 28.7 Wy

Modulus of elasticity in tension: 2758 MPa

Poisson’s ratio: 0.3
RUILUIRUN: 14.0 kKN/m’

12
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3.3.2 nNs1EaNnay

(amlalﬁlﬂumu dense sand U84 Trautmann & O’Rourke (1983))
Young's modulus E: 2894 kPa

Poisson’s ratio V. 0.3

Peak friction angle ¢peak: 44°

Dilation angle U/ 16°

Initial void ratio e : 0.584

Initial dry density 7, 17.7 KN/m’
Initial saturated density ., 21.4 KN/m’
Initial submerged density ) 11.4 kN/m3

3
3.3.3  AwRRY"

\

(FuaAnFUIAYDY Bangkok Clay @% Balasubramaniam & Chaudhry (1978), Kuwano &
Bhattarai (1989), Wz Tamrakar et al. (2000))

AMUTUVBILEY critical state line 1w triaxial compression M, 1.0 (¢c,,, — 25.4°)

AMUTUVBILEW critical state line lu triaxial extension V- 0.8

AATIEIUVDI MM, (K): 0.8

AMUTUVDILEW normall compression line A: 0.50

AMUTUUDILE reloading line K 0.05

Void ratio 1891&% ICL i p’ = 1 kPa: 4012

Poisson’s ratio V: 0.3

@hmﬁﬁﬁmuﬂgﬂiﬂwaa yield surface luszuu p-t f: 1.0

Coefficient of earth pressure at rest K : 0.6

Initial void ratio e: 2.0

Undrained shear strength s : 15 kPa

Saturated unit weight ¥, 17.0 KN/m’

Dry unit weight % ; ‘ 10.3 kN/m’

Submerged unit weight }”. 7.2 kN/m3

Coefficient of permeability k: . 5 X 10'11 m/s

3.3.4 HIFNHEITHIINBLAENIYaN (51aao‘lunnnstﬁ) R T ——— TN -

Interface friction angle ¢# (pipe-sand) = 22° (=@, /2) %uﬁ’?‘i‘%qﬁwﬁﬁmztjss .......
UNSDOU. e 2475119..
UTONNUITD e rerverriensisnsessassianses

13
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3.3.5 AIFNHEITHIWNINYANUATARIARED (1adn1531a89)

Interface friction angle @, (sand-clay) = 25.4° (=@, )

3.4  ASmsaniunisiansilnludiofune
a € a & [ & a A . A " a
nyzuIumMa Tz W ludiedudmansautadu 2 siia ds () nadaliRansanns
INDITUADUNIIADRIN WAz (i) NIWARTUINTINRBIIUABUMIABET lunIdily
ANITMINNINRDITUADUNINARININY NI80Y (bedding, haunching, WAz backfill) LaYiaay
gonsaunwlunafiawann lunsdifRnsannissnaastuaounInaaINITnuNaUTaITeY
wnazdniunaduiuglasnisnng bedding Wazvia, haunching, Waz backfill anudey lusaluf

2ATUNHUNITTUIRANTILATIERYDINIROINT T

L
\

341 nsailifinssiassiuaannisnaaiig

4uf 1: Geostatic (1 3u)
Body force tiiasa1nuselitudaslan: nn element = 7.19 kN/m’
FNWVBULVAVDY excess pore water pressure Au = 0: ﬁauuq@

YU 2: Trench excavation (1 3u1f)

181 trench element a8an

Body force Wlasanuselitudaslan: clay element = 7.19 kN/m’

FNMWUBULVAVUDY excess pore water pressure Au=o0: a’J‘lJqu(ﬂ

'uw?'i 3: 174 bedding, pipe, haunching, L8z backfill Tuanwuis (1 fimﬁ)

173 bedding, pipe, haunching, L8z backfill element luanw strain free

Body force Lﬁaoawnttsoiﬁuﬁaaian: clay element = 7.19 kN/m3
sand element = 17.7 kN/m3
pipe element = 14.0 kN/m3

FNWVBULUAVDY excess pore water pressure Au = 0: ﬁﬁuuf{m

4ufi 4: Trench flooding (Lam‘fwaalm’aoyﬂ) (1 3wf)

Body force LﬁadﬂﬁﬂLLidIﬁwﬁﬁdIaﬂ: clay element = 7.19 kN/m3
sand element = 11.4 kN/m3
pipe element = 4.0 kN/m3

RNMWVDULYAVDY excess pore water pressure Au = 0: .ﬁauuq@
'UE]‘]JL‘IJGI‘U?Nia\‘l‘I!G]

fuﬁ 5: Long-term consolidation of clay (200 ﬂ)

FNMWUBULYAVDY excess pore water pressure Au = 0: ﬁ’muqﬂ

14
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WOANTINITEZE 1Y aa T aLsen v anaan

VOULYAVDITOIYA
e o u.‘: . v
3.42 NIWMANIIINRDITUADWNTIINDAINI
2uil 1:  Geostatic (1 Iu1)
P v 3
Body force 1iiasanusslingalan: 1N element = 7.19 kN/m

FNNVBULUN VDY excess pore water pressure Au = 0: ﬁﬁuuqﬂ
YU 2:  Trench excavation (1 w171
Ld1 trench element 8an
Body force tHiasnnussliudaalan: clay element = 7.19 kN/m"
FNMNWVBULUAVBI excess pore water pressure Aif =il ﬁinuqﬂ
muﬁ 3: Place bedding and pipe in dry condition (1 em’l“?'l)
119 bedding uazvialugn w strain free
Body force Lﬁ@dﬁ]'}ﬂLLﬁIﬁ&lﬁ’Jﬂ&ﬂ: clay element = 7.19 kN/m3
bedding element = 17.7 kN/m’
pipe element = 14.0 kN/m’
FMWUBULUAVAY excess pore water pressure Au = 0: ﬁduuij(ﬂ
9ufi 4: Place haunching in dry condition (1 3u111)
214 haunching lugnw strain free
Body force a9 nusslrudaelan: clay element = 7.19 kN/m"
bedding ez hauncing element = 17.7 kN/m3
pipe element = 14.0 kN/m"
RMWVDULUAVDY excess pore water pressure Au = 0: ﬁd‘uuqﬂ
Step 56: Place backfill in dry condition (1 "am’lﬁ)

719 backfill Tugnw strain free

Body force Wasenussldudaelan: clay element = 7.19 kN/m"
sand element = 17.7 kN/m’
pipe element = 14.0 kN/m3

INWUDULUAVAY excess pore water pressure Au = 0: ﬁmuq@

Step 6: Trench flooding (fill trench with water) (1 sec)
Body force LﬁadaﬁﬂLLidIﬁudiaiaﬂ: . clay element = 7.19 kN/m3

~sand element = 11.4 kN/m3
3
pipe element = 4.0 kN/m
FNTNVBULVAVBDI excess pore water pressure Au=o0: ﬁauuq@

"llﬂ‘lJL‘IJG'I’LIEJ\ﬁ:a\‘l‘]al@]

15



WOANIINITzEIVIad AL sEN I AT Ao o

Step 7: Long-term consolidation of clay (200 years)

FNWVDLLVAVDY excess pore water pressure Au = 0: ﬁ?‘uqu

UBULDAY E]O‘iﬂd‘l!(ﬂ

3.4.3 Dummy element

Wiavin13ten trench element aamﬁaa‘haaqmﬂg@iaoy@ﬁu node ¢NUUaN (node ﬁagjuu
sand/clay interface) ﬁ):Lﬂ?iauGT’;vLﬂrTunﬁLﬁﬂgﬂmaa mesh lagfi node suluazlifinsiedand
Wasanfmualiisniw inactive nm‘ivﬁuﬁmw:ﬁﬁ‘lﬁtﬁﬂﬂmum'lun'ﬁﬁﬁmm (convergence
problem) (HarnuagnIw element nduLiu active lunsedifi element naNtwAANIAADY
@08191IN i'kymf:a:LLfﬂm"l@T@T'mnﬁmgnvn@ﬂﬁ node melususaiadouda Uiy node
mauanldnawaziuuaanimiu active lagn1stinua elastic element il stiffness nann
141U sand element ‘?\‘lﬁ'ﬂﬂ’h “dummy” element lag dummy element ﬁ%ﬂ"ﬁ’ node L@gINLVAY
sand element usazgausrunwafiazsinlwlifinadansie “dummy” element fiaziiann
active ARaAMIATIEHLABLR node nelutndaudaany node mMonanle NAyND “dummy”
element i ldlF@miumsdiamzflwluefiundit nsld dummy element azufifaym

convergence problem tiarinMua&NIN sand element W active 1Wad1889N52UIUNNT backfilling
3.5  Tidsunsanisiasziinludiofiwe
MINATIER I IUA LR UUA LN TAN MR LAGIUABNTIATIZN 16 NG QILEAITIENTIN

A13197 3-1

Aa159N 3-1  ldsunsum ezt ludiofiue

AIHAITIATIER AN331809THABY | NTINADIRIANAAIININS | ANANDBY | AnanIwes
n1snadaINg NINUANURTAWIARE 30990 () 309%A (¥)

D20W15(nocon) 1aid aifi 2.0 15
D20W15int(nocon) 1] Y 2.0 15
D20W20(nocon) EY aid] 2.0 2.0
D20W20int(nocon) 1aifi Y 2.0 2.0
D30W15(nocon) 43 1aidl 3.0 15
D30W15int(nocon) Y Y 3.0 1.5
D30w20(nocon) 1ais aid] ‘ 3.0 2.0
D30W20int(nocon) aifi i 3.0 2.0
D20W15(withcon) i il 1 20 15
D20W15int(withcon) Y Y 2.0 15
D20W20(withcon) i 1aid] 24 2.0
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D20W20int(withcon) Y Y 2.0 2.0
D30W15(withcon) 8 aid) 3.0 15
D30W15int(withcon) Y Y 3.0 15
D30w20(withcon) 5 aigd 3.0 2.0
D30W20int(withcon) Y Y 3.0 2.0
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