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## 5270727721 : MAJOR CIVIL ENGINEERING
KEYWORDS: TUNNEL FACE / UNDRAINED STABILITY / FINITE ELEMENT ANALYSIS
/ LIMIT ANALYSIS
KONGKIT YINGCHALOENKITKHAJORN: FINITE ELEMENT ANALYSIS OF
UNDRAINED TUNNEL FACE STABILITY IN CLAY. ADVISOR: ASSOC.PROF.

BOONCHAI UKRITCHON, Sc.D., 212 pp.

This thesis presents a study of undrained tunnel face stability in clay. This study is
carried out using the two dimensional (2D) and three dimensional (3D) finite element analyses.
The 2D analyses are applied for transverse and longitudinal sections while the 3D analyses are
applied for three dimension geometry. The failure or collapse states in the finite element analyses
are approximated using the strength reduction to determine the factor of safety of undrained
stability. The 2D transverse and longitudinal sections do not consider tunnel lining in the model,
but the 3D geometry section models tunnel lining as rigid plate element with fully rough surface.
The clay is modeled as Mohr-Coulomb material while its undrained shear strength profile is
considered to be constant or linear increase with depth. Numerical solutions are presented in
terms of stability charts of normalized terms. Comparison between the previous results and those
of present study show excellent agreement for most cases of 2D and 3D problems. In addition, the
analyses of tunnel face stability in Bangkok subsoil profile are also carried for real application.
There are three significant contributions of this research to the past knowledge of undrained
stability of tunnel face. Firstly, this study has numerically verified that the 3D effect of factor of
safety of this problem is about 2.5 and 1.8 with respect to transverse and longitudinal sections of
analyses, respectively. Secondly, this study presents a single semi-empirical curve fitting equation
which accurately matches the data of numerical solutions. As a result, stability analyses of this
problem in practice can be determined easily and accurately without using series of stability
charts. Lastly, maximum ground surface settlement may be approximated using the proposed

relationship based on predicted factor of safety from the proposed equation.
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Construction Yielding Face- “Global
Face Settlement
Analysis Process band stabilization equilibrium
stability analysis
simulation development pressure pressure”
Numerical 3D Yes Yes** Yes Yes Yes Yes
Numerical 2D T* No No Yes No*** No No
L* (Yes) Yes** Yes (Yes) Yes (Yes)
Limit Equilibrium
No Yes No No Yes No
methods
Earth pressure
No No No No Yes (Yes)
theory

* T, L= transversal section, longitudinal section; ** Face stability is confirmed by measurement of

settlements;*** “No” because it is not possible to simulate in this case the effect of the applied face-support

pressure on settlement; “Yes” or “No” express the capability of each method to provide results in the categories

indicated in top row; “(Yes)” means approximate evaluation only.
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nuvusiaesnlagninduelae Broms and Bennermark (1967) TagldeBuiena
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o @ A A A ' ll Y ~ 9q Ya
suusaeiagnianudonmivuny luszuei dwdadlunini 2.62.7 Tagldldiew

9ATIFIUNVDIANNIEADITNIN N (stability ratio) LMNVANULUANAINTEHINLTIAUIN
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] [ 4 Aa oA g’; 1 4 a
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AR 2.11 yunowuunihdanmeMaImago Uy 3 ia lunsal P/D=1 (Schofield, 1980)
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Broms and
=0 Bennermark (1967)

b

i —

4 Coys J_DL
i D Results for

3 p _

9 - large D ratios

1 - (2D tests) P

D

D T T T 1

0 1 2 3 4

A a A A 1= J o 9 Y 1w ~ =
NNN 2.16 'E]’Vl‘ﬁ‘Wﬁ"lJE]\ﬁ$ﬂg‘VllliJllﬂ'lﬂQIll\iﬂi@\‘li'U@]'IL!'H‘L!W‘I'E]'E]G]i'lﬂ]’t‘]\?ﬂ')'mﬂlﬁﬂﬂiﬂ'lwallm$

1NAN1531UA (Kimura and Mair, 1981)

~ a A a 9 9 4 a a ua .
NN 2.17 NamaEJﬁumemwasumg‘lJmmSummﬁmuwmqimmmzmﬂmitnm (Kimura
and Mair, 1981)
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Davis, Gunn, Mair and Seneviratne (1980) UNAUDFINVDINARAYVDIVD UV ULUAL VDL
1 = 1 [ tg amAa Jaa F) Y 4 Y o
ANFIVYUUNANNINUFINYDIITAATIEHANAVOIT Y M UHTNIVR 99 TueALUUHTNAAA Y
vauazane uuReu lvvesszinuanuasea uazluuuy 3 U6 Iagiienuuuusandaa
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9 A A o 1 U A [ A
v lguaaslunni 2.18 (a) tiednsiaru p/D wn arulunsain 2 dauaaaluning 2.18 (b)
A ~ Y ] Y o ~ A A
ADIADITAMNATUNINVDINUIANAN NI VUIZUILANNAT oA Laz lUATAN 3 azNITUAY
1931)1591n9iAv09 Broms and Bennermark (1967) Tuuy 3 3a Taold p/D=0 dsaaslunmi
a a 4 1 1 o §
2.19 wazeeluglveansilines (o, - o) HARABYDIVOVANILMIAVANMITN 2.12
o [ dd‘ ] ddgl ] oS 1 ] ] =
AMFUNTAUN yD/s,, >0 Taswamagyesvauallunstiiaue yD/s, Ua1ed1usening 1 04 4
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(0, — 01)/suo = 2In(2C/D + 1) dwfunsal yD/sye > 0 (2.12)
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7 Suo }éé' C
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Yy 4

M 2.18 uuviasdlugaundn leuns1zy (31911 Davis et al., 1980)
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A 9 U [ A o 1% a valy Y [ A
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2.22 "]Nllm/\lfﬂﬁﬂ!'lg‘]_]LL‘U‘Uﬂﬁ’J‘U@VILﬁiJ'l%ﬁiJ“l/lQ’ﬂ@]']iJﬁiJﬂ'liTl 2.14 TagnanagssHINvol
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(o, — 6t)/Suo = 2+ 2In(C/D + 1) (2.13)

(0, — 61)/Suo =4/ (C/D + 1/4) (2.14)

e tan a = tan B = 2,/(C/D +1/4)uaz 6= z/2
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.ﬂ’]W‘ﬁ 2.23 W'ﬁﬁlafJ"Uf)UUULLQ%%@U@TQﬁWﬁiUﬂﬁW@ﬂQIN\WW]’]?JLLu'JfJ’]'J (Davis et al., 1980)

AR 2.24 HaMABYBLUULAZ YO UANTM U ALY 3 1A (Davis et al., 1980)
AIAN 3 HARABUDLAN ISIAUDAIANMTN 2.15 tazHamasvo UL IALaAIn NN 2.24
(0, — 01)/Suo = Hn(2C/D + 1) (2.15)
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NINN 2.25 aNYUSNAITUUTIRDUNVUUMUANUANUDULBUTUN FAATIEHIDUUU (119

%14 Sloan and Assadi, 1993)
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AINA 2.29 ANHULMAITVUT AN WAV UMNANUANLV VT AT UN 1 FAATIZ VO VDY

(Augarde et al., 2003)
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2003)
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(a) (b)
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Augarde et al. (2003)
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kPa ttag ¢ = 0 (Mollon et al., 2011)
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— - 3DUB, Klar et al. (2007)
| ——23D UB, Davis et al. (1980)
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Su = Suo

|

v

Depth, z
: - 4
NN 2.41 anBaIzYIM&asuusuRsuLL sz nsmihnannasanuANNan

A d a g =
) LHJ‘]JLW?JUJHLLU‘]JL%Q!?[H@“J?]’J’]?Jﬁﬂ

1RifiauegasildnnmInaasudlszaumsel dmsvaumiefidanmsauiu
1n# (normally consolidated clay) Ha1891U358 1911 Skempton (1957) 13ousnsznamon'13 1
wiliden 1d7uauiiousisgams ¥ae 15U Atkinson and Bransby (1978) 1@ Lambe and-
Whitman (1979) Tasfidasunsudounuyhiszinaiwestuiyiumunnudndady sy
35004 Skempton  (1957)  1&uusihdufudumileaiifianmdauiuilng aw

ANUFURUTUTUNITN 2.19

S.
= =0.11 + 0.00371, (2.19)
O vo

1110 oy AOAITUAVBIMUIBUTINANDYTZENTHA (initial effective overburden stress) LAz I,

o v (%

(plasticity index) ADAIWAAIVDIVATINAKAINLUVAINANAFAN TASTIINITUNUAT [, (1AL
p Yy p

a = 1

' %} v ! ' C o_ o 4 ' v
wuasmmuﬂmamumumﬁﬁmaqiﬁ’m FUN5UDY Skempton  (1957) HULHIFIMTUAIDNIT

0o v w

] Y v
ﬂmwuﬁummmmmmuﬁ@u (p) 21VANANNUNND EPA RN 0.5 kN/m3 ag 5 kN/m3 1
o v Ay A o W ' v . v 0 9 ¥
msmemartituneeus Ui U190 199919 uag Lambe and Whitman (1979) lauuziirlsi

[

AN TIUAHTVAUNUEINTANMBALUUYNANINY 1-2 kKN/m’ 11311378994 Sloan and-



42

. ) o v J [ 1 A 15 o v w A 2 tg
Assadi (1993) HUAUOANUAUNUTVDIOATIAIUVDINISINUYUVDINAITUUTURNDUINUUY
AUANUANUULFUFY MUAUNITN 2.20 tazaataadlunini 2.42  Tassinaus¥19a1U0d

9 ' o = 2 X o
pD/s,, Taglrnuana1anuaIn 0 849 1 Taetiiuauasiag 0.25

5u(2) = sy +pz (2.20)

Undrained strength, s,,

v

Depth, z

{ v o w w ] g Y a 9
ﬂTW“ﬁ 2.42 ﬁﬂ‘HmZ"UENfﬂﬁ\ﬁlll!ﬁ\‘IL%@ULL‘]J‘]J%J?%UNJHHHJiWu@nll@]nJﬂ’NiJﬁﬂll‘]J‘]J!ﬂNlﬁu

o o d ¢
2) HUUAANITANUASUVUINAVINDI-AAadNY

J aa Y a Y o A a o Y a a
AIPHY AVAUADFTIN (2553) vlﬂf]‘ﬁﬂ?ﬂvl’)’ﬂ “LL‘]J‘]Ji]'lﬁEJ\WI‘LlﬂiJou'li“]fE]‘ﬁ‘lﬂﬂWi]@]ﬂiil]

Q EX]

]
3 = a a

a H 1 4 1 1 1 4
YoIAUNNUAANMTFONI LA EI08 1RSI TAANUNANTTUHDUNAEANLUD T30l
Y ]

' ] v
Ao nundrasunsam Tassuusnin lagnianauuuie 19nuTane aniumsmuiunim
Y = ° = a a 4 Y
lﬂul!ﬂgﬂj']lllﬂiElﬂglull‘]_lim']a@\jFt]\ﬂlh!ll'ULUﬂ']ﬁ'llﬂi'lgﬁﬂj'lmlﬂu5ju”

Y ]
“IﬂElﬂ1a\‘lﬂ‘ﬁﬂlﬂﬂﬁulﬁﬂﬂ’ZﬂllL‘F%Il.lLﬁ@u’gﬁijﬂhﬂﬂﬂWﬂUﬂTJﬂi]ﬁ ﬁﬂﬂutﬂllﬂ’ﬂﬂlﬁju

A 1 " o & 1

4 1
Mougagalagnnawves awrsaailldanuduengegalinuninuassveinania

a

9
J o v @ J a ua
ﬁgﬁ'JWQﬂ'JﬁJLﬁIUﬁaﬂ G, u,azmmlﬁ’uim (O W%’f] Tinax — (CS1 - 63)/2” PNUUNUNNITIVAINT T

I3 Y ~
ﬂ1ﬂ"|ﬂ1!ﬂ1'!@ﬂllﬁﬂﬂ"li1/l 2.21



43

<k 2.21)

A' 1 A 1 Y Aa a | o w A (3 d‘

“UM k- ADAIANUIAUING A TﬂEJ‘]Jﬂ€°'lﬁ]%m"lﬂ‘]_lﬂ?ﬁ\iﬂi?ﬂmﬂu"lﬂ’)ﬂﬁlﬁﬂ LUBIIN
4 a oA 1 9 o 1 9 d[ 1 o o v A =1
mmmm:n‘ummiﬁm”lu”lﬂmmmmmumﬂmq (02) mnﬂumimmm I UAULNUYD
a 4 1 g g’/ 1A = ' @ o v w A 1 %,/ A

114ﬂﬁamiwmmu"lmzmamuu ﬂ'l’Jﬂi]@]iJﬂH‘VHﬂ‘UﬂTﬁNi‘]JLLiQLﬂ@HLLUUU13J§$U1EJu11’i5E]
v A A J v o v A =~ ] 2
k=s,” AWAAINIUNINN 2.40 IﬂEJ‘V]ﬁﬁﬂ%uﬂiWﬂLﬂﬁﬂWﬁﬂ’iﬁUﬂutﬂuEJ’JLL‘]J‘]JU13J§$°U1EJ‘IH

aunsodouliogluaunish 2.22
f=0-1_0-3_5u=0 (222)

4 o a 4 '
“lﬁfNi]WﬂLL‘U‘Uﬂ’la@\1Lﬂi'ﬁfﬂﬂgGlflaf}sluﬂ’li')!ﬂﬁ’]gﬂll‘ﬂﬂﬂ'ﬂillf?U'iﬂiJ %ﬂﬂﬂ’ﬁ]ﬁ’lu’liﬂ
[ ? AX o a A = X
ﬂWﬁ'ﬁNWQ@]ﬂ'ﬁillﬂ’lﬁ\‘]iﬂl!ﬁ\i!aﬂulLUU1111531]1511”1/]6’[?1!ﬂUﬂ?WN!ﬁuﬂi%ﬁﬂﬁNﬁLﬂaﬂ G’]?Qﬂ']i
o a [ 1 dy 9 ] a 4 9 a a [ A I
ﬂ’la'ﬁNWﬂ@]ﬂ'iillﬂ\iﬂa’l'ﬁu@l@ﬁﬂ’lﬁﬂﬂ’lﬁﬁlﬂi13Wllﬂﬂﬂ'§’llllﬂuﬂ33ﬁﬂﬁﬁﬁ ﬂﬁ’nﬂfllﬂuﬂ'ﬁ
a 4 Y ~ 3 a Y R o o o A a Y
'J!ﬂi13Wﬂ'J'lil!ﬂuslu"llmg‘1/]1!']611'!Mﬁaﬂ’lJig’]JWﬂf]@ﬂﬁﬂJﬂ!Lﬁ'J SEANTANTUHLINURDUUDIAUISD N
DuuUTIaesd I UTagFeanIu NT1a09N0ANTTUMTTVUTIAIONHUTUTEANIUYD I

SR o w w A I [ U [ 9 g}/ = = 4 a
ABDUY HINTANTULIIUNDU (‘Cf) W UTATIUNVANMAUAIRNIN FINNUNNTIVAAIANNIS

1223
7 =c'+ o;'lftan¢/ (2.23)

4 A ¥ A ;A vy & ;A A Y o ;A
V3] 15 ADAITUIAUIRNDU, Onf ADANWAUAIRIN, ¢ ADANNIFOWUUAALNU LI @ AREGY

v J

[ % 1 J o
weanunielu TasanuanudunusasnanansnlsuunualsInanuosaatanalu

NN 2.43



44

N
T
T = ¢+ cr;lftangé
Tr N
(O'if— O'éf)
Tf =
N 2
€y N S
Ozr  Ony Oy o
D€
c .= (o-lf = 0'3f)
tang f 2

LY

1 ¢ a ¢ ¢ ) vy & 7
ﬂTW‘ﬁ 2.43 1NUNNITIY 3J'E]i-f;]ﬁ’t‘]iJ'IJ'UuiguTLI‘ﬂ’)'llllﬂL!Lﬁ'f]ullﬁgﬂ'ﬂﬂmuﬁﬂﬂ'lﬂ ('Q'Hf‘]elfg

DVARO T, 2553)

2.4.3 I5aanauima

. Y o as o o R g A A Aq Y
Brinkgreve and Bakker (1991) l@vnaueismsaansumas uiluniesiionly

a d 4 Jaa J 1A . . X

ansziegluyonuas lnluasamwua PLAXIS Taeen1 35 Phic reduction F3ludiu
1 [} 1 Q a 1 U ?)I % a wAa
Aranssnlassadnlagdnanonsdiuanuiasane (FS) vzgnilemliminuiminiia

a 3 @ Y ] (% 2 Y ° 9 9 Y a =~ a '
vieaetimin g gerannmstlainmsiunlszgna ldmedudaanssussaimaia
dy <3 < Y 2 ¥ @ ¥ = ¥ Y ~
Tuamgmsinau uazgrusneudy dudu Tasmsmuihmin ldsunsgnsdaihmmingegan

o 9 9 a Aa oA 9 o = [ 901 [ 9 d[ = 9 =R o
Ml lassasrananisiiaudnihnnfSeumeuduiminlday Fazlianuadieaaanu

a a d a ¥ a { y o (%
ufﬂﬂJelJENﬂ']'i'JLﬂiT%ﬁﬂﬂJuﬁ']Lﬁaﬂﬁﬂ?Wﬂl@ﬂﬁWﬂﬂuuUU@fi!ﬂN AUMINA 2.44 BANIGINAN YL

v
[ =

A w 9 1 k) 9 4 = [ [ A a dy

yougymndudou wu Auniiglued szlianuzluanannueon liilosnndamwsiiail

= g v A %’ Y] d' [ = d' = ] d' a Jd 1
M nAuLazIMITANNTZIInNeuania1nIn 33 lumuizaunzAnI1i i
o ' o A 3 ™ YY) ] s a A wa A
sasraruanuilasase lagmaniminiuIaseaduduniiig TueAmansiua senuain
ya o g}J dy Jq 9 (% [Y] 1 1 [} 1 [ 9 9 4
l93selunsail 1@ ldndannisaanain miadasiaiuanulasassuesaiuniiig Tuss

o 2 yasy 1o W a o a A ua as 2 3 ax
nanmMInz 19I5 IanaIfdIuoIaUad IUNIENUNAMITITAVRITZVY T5M 3Tl uIT s
o 1 1 [ [ 1 a J a4
Aurun asutasdusugouluaiuisaiasiziaiuuuulnanaldld vazdeals

Aouiaes ¥ lumMInI e



45

T e
Full strength: !
T=c"+6" tandh’ e
"-§#
: -7
{G nf, Tf} £ —
el e
- 1 L - i qum
.....’f:.rr’... .....;01' —
¢ e T L Mobilized strength;
3 .-'IT ‘Jr.bc'i'.‘ i TT“ | T:!l =G‘rm+ ﬁ'nf ."!'“t"l-
u"{f 2 : - N
Glnf Uln

A v as o o A J Jaa 4 ]
NNN 2.44 WﬂﬂﬂTi"U’t)\‘l')‘ﬁﬁWﬂf]ufna\‘ﬂ/]iﬁucﬁ@ww}iqwa'lﬁ@amu@ PLAXIS ('ﬂﬂﬁl‘ﬁﬂ

Boonchai Ukritchon, 2011)

an o o Y Yo Y A g Y A wa v =
Faanoumasldtimualdamnnimeinldlunmsesurenuaniaanudu-anunion
o w a g’/ a o 4 1 a
YOIMAIVDIAUNINUA 2 WITIWADTAD ATMTFOUIUU (cohesion, ¢) HATHNTIANIUUDIAU
(friction Angle, ¢) 92QNAAAIAIIUNTENUNANITIVA FIAuMTNIFMIAIGATIEIUAIIN

UaoaneausauaaInuauMsn 2.24

tand

S — input Cinput suinput
tand

= = (2.24)

reduced  Creduced  Surequced

A 1 o v w

1o Suinpur "WOT tand, .. AommassuusudouLazyuFeanIuveIaui ldannmnadey

mMaarInIsusIdmaiia nanmsanan laussyeglugseruns v luddamud luamidela

[

Y o dy 1 a 4 1 o 1 [ ] Bld' o
Tgvanmstusielumsinsizrmmeasiaiuanulasans Iﬂﬂﬂgﬂ”lflﬂlmx‘lﬂu"lélﬁlﬂdﬂn‘lﬂ
[ A ] go’ a =) o v A 1] 90’
i‘iJLLi\‘im’EJuLL‘]J‘]_IMhJ'EZ‘]JWEJu”IGlLlﬂuWiLlEJTJ =0,c=sy) mmi‘uuiqmammu”lmzmﬂm

9
1111 mobilized Ul@%}i]1ﬂaﬂﬂ'la\1!ﬂuﬁ)’J8ﬂ1ﬁ]§li’lﬁ’3uﬂ’31ﬂﬂa@ﬂﬂﬁl AUNTISTNUNANTTIUAUD

4 ' v ' v ) [
szuu govurssenunasenu luglunuvesasasiaiuanulasadegane d1usuns



46

9
v o v o A

; ¥ . y .
Mursuadesnmuu lussuienniy massuneunuy luszueiuy mobilized (sy,) W1

Tannanmsn 2.25

Sum = == (2.25)

d‘ A v J [ 1 [ ax o w
118 FS AONaan5v099as1dunNlannnsaInIsaanounaq

(1999 1ANASNTVDINITNATIEHANAVDIVD VU ULAZVDVANNILA0IADANADIN
A01ULUBININIA nAABSATIEINANNIaoAtBIzARUNIA UK (FS=1) TAsN Boonchai-

. 9 a 4 9}::::d‘ A 9 [ a o o = v I
Ukritchon (2011) latauemisiiimes lumeu 135anmerdeanumisiimesmal aadeaily
' % . J ]
uuul5iaTasmaesumounuy Tisganeriuuy mobilized nande ldogluglves yDis, uaz
Y 9

NIIERZUUBNTAIUYRIANV DTNV r Iz INNVAI 1A

(o, - o©)is

S um

o Ay Y ' A Y Y =
ﬂ'J’lﬁJ‘]Jﬁf]ﬂﬂEl‘i’]hl?WWﬂﬂ']ﬁLlﬂuﬂfluﬁ?Jﬂ'ﬁﬂ 2.25 L!ﬁ')ﬂgklﬂﬁ'mﬁilﬂ'lﬁﬂ 2.26

sl = g <£, FS M) (2.26)

Su D Sy

2.4.4 B3 Il uadanmue

. . Y o o Jaa 4

Brinkgreve, Engin and Swolfs (2012a) lanwainnaenuns I ludoamud PLAXIS 2D

1 1 A A Y a 4 o = a =< a 4 9 g’;
pgaotlouie 19 lumsinsiznuuuiiaemessainailn Famnsoinsgi iy lans

4 [ ?:’ a 4 % g’;

pupdeu lvnuubiszuiet  uazmsINTILEMINGART  NIDUTTUIDANNATEA LAY
= . Y o J Jsaa 4

135 uLnY 3341189 Brinkereve and Broere (2004) lavinauaswonins 1 ludsamud

i a 4 4 aa
PLAXIS TUNNEL 3D Lﬁﬂ?!ﬂ’iWﬁQTNQﬂLL“}JU 3 A lauane ag Brinkgreve, Engin and-
9 o Y ] Aan 1 o = o
Swolfs (2012b) lawmun ey lugiuny 3 U@ odr9auy el lu PLAXIS 3D $9a1mnsammua
4 ¥ a o g’; 1

VOULUAVBINTIADDUAD ANUAUIIFAIUAY LAZAINITTNA0ITUADUYBINITADES 19

. Y
(construction stage) 4



47

Tag liud PLAXIS sznoudienguaiu 3 ngunanuaziinnuaeiiioany Tasamisn
a Y o dy
o510 ARl
< ' Aq o [ 0 Y a
1) Input Hunguannlylumsmruadnyay YD UIVAYBIVUTIAIVBITUAULAY
fgmﬁw mmiﬂ'mmlmmmmuwmaami%’iumaamm W lumshauidnyue
A o
nd
o g‘/ a Y g’; 1 9 d‘
a.  lumsmnuaveuvasuau Insea31elsznen Junsunsnedas 9 uaviou lvvey
o Y ya a
wouuuiaedla laslsnmsnmansiiin
aa o o <
b. gﬂLL‘U‘UGU’f)QE)mML!@ (element) E1MHIUAU plates, geogrids, beams, embedded-
piles, anchors, interface element L& tunnels
a a A )
c. vHaveuedmUANTIWTaMYUAlU PLAXIS  152A9UAIY 6-node  triangular
) [ a 4 aa 1
element 118% 15- node triangular element §1M5UMIAAT Tyl 2 Ua aulu
a o aa g}J a [ g’/
msuaneitamlu 3 47 fguau bifuuuisiu v1enie1n 19 15-node  wedge
1 I [ X
element ¥30919AA41A0UA 13-node pyramid 1130 819111 10-node tetrahedral A

uaaalunIni 2.45

8-node triangle nodes 15-node wedge
15-node triangle

{ aa J 1 aa an
NN 2.45 M3SeUMeUdNUATLHIDD 2 UA tag 3 4a



48
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Average
Number of | Number of
C/D Mesh type Mesh remark element size
elements nodes 5
(10 "m)
1 Very fine all cluster Local refinement 2,719 22,443 310.71

size factor 0.25 at
2 Very fine all cluster 2918 24,085 392.70

vertical line above

3 Very fine all cluster tunnel crown & 3,036 25,037 521.29
4 Very fine all cluster oynd Suriee 2,783 23,019 663.45
5 Very fine all cluster None 1,351 10,987 1,090.00
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Number of Number of
C/D Mesh type Mesh remark element size
elements nodes 5
(10" m)
1 Very fine all cluster 2,937 23,691 291.75
2 Very fine all cluster 2,866 23,117 409.78
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3 Very fine all cluster 2,516 20,317 649.84
3.5
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5 Very fine all cluster 2,378 19,213 1,030.00
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C/D W/D B/D BTF/D LT/D
1 2.0 0.5 3.0 2.0
2 3.0 0.5 4.0 2.0
3 4.0 0.5 5.0 2.0
4 5.0 1.0 7.0 4.0
5 6.0 1.0 9.0 5.0
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pun Tdunann 1 luanuiseves Kongkit Yingchaloenkitkhajorn and Boonchai- Ukritchon

(2012) Idaganbmz Inseieas q dlglumsanywuy 3 56 13luaisei 3.6
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C/D=1-5
Average
Number of Number of CPU Times
C/D Mesh type Mesh remark element size
elements nodes A (Hour)
(10 "m)
1 Coarse all cluster 18,522 53,517 82.15 4
2 Coarse all cluster 18,459 50,776 119.25 4
Follow picture
3 Coarse all cluster 16,021 43,762 169.86 4
3.7
4 Coarse all cluster 15,141 42,071 222.56 4
5 Coarse all cluster 17,613 48,831 244.16 4
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A J 1% 1 ~ A A a J a
AT NN 3.6 (§19) a';;ﬂaﬂymzmaﬂﬂﬁmwmmzﬁwqfw“l%’clummmﬁwmmu 3Ua

AMSunNIA C/D=1-5

Plane Front
Sub plane Sub plane Mesh method
C/D A plane
(character) | (B to Last) increase
(m) (m)
1 15 B-AO 14.75-5.0 0.25 All increase 25
2 20 B-BE 19.75-6.0 0.25 All increase 30
3 25 B-AF 24.50-9.5 0.50 All increase 35
4 35 B-AF 24.50-9.5 0.50 All increase 55
5 45 B-AU 44.50-22.0 | 0.50 All increase 70

(b)
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Face Settlement
Factor of safety (FS)
section | pressure A/D
(kPa) 3D 2DT 2DL | 3D2DT | 3DA2DL (%)
130 2.642 0.926 1.405 2.853 1.880 0.35
26-001 155 3.01 1106 1.603 2.722 1.878 0.30
180 3.51 1.366 1.867 2.570 1.880 0.27
40 2111 0.697 1.058 3.029 1.995 0.39
23-001 60 2.23 0.743 1131 3.001 1.972 0.38
80 2.325 0.792 1216 2.936 1.912 0.36
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undrained shear strength, Sy kPa 1.13
rate of strength increse with depth, p I 391
uniform surcharge load on ground surface, Cs kPa 23
uniform face pressure, G¢ kPa 200
applied net stress parameter, (o5 — G¢)/sy -156.64
normalized loading parameter from soil self-weight, YD /sy 96.84
undrained strength gradient parameter, pD/sy 21.80
maximum surface settlement/tunnel diameter, Amax/D % 024
factor of safety FS 3.934
maximum surface settlement,  Amax mm 1520
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