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Reliability approach to groundwater flow analysis in underground excavation
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SYNOPSIS : In this paper, a reliability-groundwater flow program is developed by coupling the
2-D finite element numerical groundwater flow program with first and second order reliability
program. From the parametric study of hydraulic conductivity of soil layers, the increase of both
mean and variance of hydraulic conductivity results in the increase of probability of exceeding the
threshold hydraulic head. The probability of failure was more sensitive to parameters of weathered
granitic soil and rock located at the middle and bottom of the excavation than those at the other
locations. It can be recommended from this study that the reliability method, which can include the
uncertainty of soil parameters, should be performed together with the deterministic analysis to
compensate the weakness of the latter analysis for the groundwater flow problem of underground

excavations.
Keywords : underground excavation, reliability analysis, groundwater drawdown, deterministic
model, uncertainty
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3.1 =g 98t 5=} H=uH

Ae FAAZE MY AT o]&H EE5F9dS 1™ 29 o] FAZE 40mQl dFFel F
20m, A% 15m= =#E ddolth dieFo A PFHE o] ot Aot dFNAHS st
=2hzlol9] 5H o]4dQl 100m= ZAAstth =adHe] ¥ Futolg HXAsle] a5 fle 2oz
7t o, s AAdY LS Este] 12 9o R mds st

E 1ol iAol AMEE AE=AZXES 8o - FEstdon, ARG HAA Astree FEIHE A
TEEXE BFATE ZOATEEE 7FE A HLumb(1966), Meyerhof(1970), Turnbull et al.(1966)).
ARk=z gy 55999 AAWd e 5T AAXRALZ 47 25m ¢ Ime] AFFE Fo35
ATt

40
Initia]l _Head = v B|C=35
35m = a¥Ez

Elevation(m)

=)

gEHS o ) X=9x (o) EAHA 4 (COV) ExX3gd

A FH #3449 (H, m) 35.00 3.50 0.10 A F e
] Y E= 1.00x10° 5.0x10° 0.50 Z2OAFEE
T EAL= 5.00%10° 2.5%10° 0.50 2OAGEY
(K, m/sec) | ZF3E= 1.00x10°° 5.0x10 7 0.50 2O FEE
F3g= 1.00x10 " 5.0x10° 0.50 EOREE

B A Z2agel sNAnRE A3 Astel @A Y WEHE A5G FANNZE
z 1 & e

#e SEEP/WE o] &3klth. SEEP/W= b5l Sl HFUAE 3 Astso] f52 4 (D3 22 2
2} )4 A (partial-differential equation) ©] 2ol 71Z3ta 9low, thS¥ 2 Aupgrow

FECIEICS

0 oh 1, o0 dh _ o oh
ox [K"X ox ]+ oy [KW N4 ]iW_ Ss ot (1)
A7 A, K, Ky @ x, y W9 B5A5ALT Y, h @ AF5F(@L), t: AT, S @ BAFAS
@™,
W @ 29 f9(source)@ F(sink)S HJEFE S48 7 A4 55 (T ot}

AEFAQ ASAAE Yl 7] feted i A4 ghel A(Hpeurrow — Hmoprrow) ! ZH+X] (residual) S
ol g3ste] 2 (2)9F o] Hir Ak(mean error) X A 2 xH(absolute mean), Al 2 ZH(root
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mean square), Normalized mean % ZEFHAZ A AEE & o] = scatterdiagrams® YEFU At

= - RS I
HH2A(ME): R = " 121“ (2a)
A#AFELASE) | SE = | 3rin (2b)
Normalized Mean(RN) : RN = SE/(H ,.x —H i) (2c)
ETFHA}: Sz\/ 1Zn:l(ri—R)2/(n—1) (2d)
32 T2 H=A3
1) = o3 A5
ZRuEel A3k #9%S DGU FLOWS SEEP/WE ol &3] nl@ 520l makel s4e +
Weh, 1 ABNE E 20 JEIT AR E) FRAFA #ANGERG AdHoR 2 o fR §9
ko] 39 A Z S ®Hygon, #UFEHES DGU FLOWS SEEP/WollA Zz+z; 1.457m'/day, 1.429
m'/day 2 Al4FE AT}

X 2. AlZhe 2 FARAA Y] A5 9 FHm'/day)

T B DGU FLOW SEEP/W L %)
HHdd 3 1.457 1.429 1.92

€ T
T Zbetlon, FRdd SR giaFoM e =
. = 26~-28m=z AMEN oW FFAAR: 2599 WA 010~0.262
A E A, =T v oA 02602 7H A YERS
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E 3,239 AsE SN FANNZL P QAR

T R 2 2ZHm) 71 A
2} 0.0003(0.001%) -
it Al 2F 0.006 2% ©]3}(0.610)
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G(X): Qtarget - Qmodel (3)
04 7] }‘1, Qtarget = Qanalytical x Fy

P,=PLGX0)=0]= [ fdX)dX (4)

A=A WM FEEE ASsH] flstd s (FFAT, Ak #s 6‘*74]”5]1’“01] o i st
o] Monte—Calro Simulationdl] ¢]3%F 3}3] &S At} Monte-Calro Simulation® 49 v}3] 85
o] AZIAS BAE7] $8t] Shooman(1968)° sk 22} FAA(A(B) Fx)S ol&stAth relg
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4.2 QtME0 UE DI EE

H A FEZd gk Astg 52384 ARREEH FHUHo o] §95#(1.457mY sec)S A&
i3 ] =]
o

- —O©—  First-Order Reliability Method
—H—  Second-Order Reliability Method

40.0 —A—  Monte-Carlo Simulation

Probability of Failure(Pr)

0_0||||||||||| "
10 12 14 16 18 20 22 24 26 28 3.0

Safety Factor(Fs)
g% 6. HTAdFZTAA bEH A AR wE 5y

it

P&l 1.0d i, A H oA A EA og R FES ZH7F 40.43% 9 40.78% = A E A
© ™ Monte-Carlo Simulation®] 23t 33 &E-2 40.10%= 4HA4
[e)

HEgA = dAANHA Aol FAGEHY g AGAGE Y, 9y el g 2 g5
AEE /AT ol A hF GEuse) gholth A gEel o2k e 2bgsy] Sleke Wt
7 2 FEMFE HES L, oo i FERE 540 wFo] FEWSF %S WA= AHA &)
Aol wAUZe AR HFAdsSel g FEUF HINE E 4o el MYESY B
Ab=e] AL M7 103.20% 9 99.22% = BluA A X EW X559 WIS 1643%E A4k
Hot FIESTH FTILT M-S 77 527%<F 10.12% =2 A4S AT
% 4. FEWHTY FHEHA (&9 ' m)

gEHST JaEF& () A (XY 1 8H&(%)
A EA A s 35.00 40.75 16.43
) Y E = 1.00x107° 2.032x107° 103.20
EALS 5.00x10°° 9.661x10°° 93.22
TE= 1.00x10° 9.473x10" 5.27
g5 1.00x10 " 8.983x10 ® 10.12

stEwe Het B A wste g s sEe] WIE dMets P E B (sensitivity
analysis) A t3ste FadAsz SFEUFY dHAQ] x2S dotd ¢ s Vet
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Ny AN o2y HHsEe] oF 025% g dale] ARLE) WE BAL FAeL,

Askg E 5ol GERNRh o7, dP/dust dP/dot SHEWS X(FFY A4S I XEFA

Fb ATRE FBRSY A%, FBWS X Fwd BEAg o A HEY wgwely,
38

FEW5 dP; dP; _dP; i

dp do da* g™
A% A9 9.724x10 ™ 1.599%10° 9.724x10°* 1.599%10
o] Y B = 3.532x10" 8.147x10" 7.605%10°° 1.321x10 2
EALZ= 7.275x10" 1.400x10" 7.137x10°° 1.164x10 2
ZIES 6.111x10" ~1.518%10" 5.321x10°* 6.474x10°
E3hor= 5.428x10"* ~1.776x10"* 4540x10° 4713x10°7

B 9 mEadel o HuEe] WPEE wE FEWAA F(ne) gez AAH} Axw
Aet5eh ke BAS LSS FRRYY U9FFQE e Ao FH %
AgE 7HY 2 JFS ML FBUFE RPFY FRAFIN, EASE) FRAS, AR A}
9, BREZN TGS R4AF w02 vehgon, REWFY PFgt EEAL BT 5AS
232 BT wetd, AT BHBUOR FYHE ARFFL g2 GAAE NYEFY
EAEel g ASd Aol ARW AskrE FaATE Aol BRI Ao FAE 5 v

AW REAFE RAAS wHsEd WAL Gge BAS/ el kA&l 30
(Quige=43TImY/day) @ W, FAFe AAFE WaA7v g Ee Adetdth 19 704 e
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O —8&— 0O Second-Order Reliability Method
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