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Random analysis of tunnel lining with interval finite element method

XIA Wei-yang, HE Chuan, WANG Yang
(Department of Underground Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In the tunnel lining structure internal force calculation, it is indeterminacy for mechanics parameters of surrounding rock
and parameters of structure. At the same time, the indeterminacy has the boundary, which can be estimated by a reasonable interval
numbers in engineering. Changing a single random variable in the interval numbers, the structural internal force can be solved by
adopting a finite element equation. But in the case of multi-variable, considering indeterminacy of calculation model and complexity
of mathematical solution, the finite element procedure can be used to educe the action effect of each variable to structure’s internal
force, then the interval values consist of different parameters are obtained; and the interval values of tunnel lining structural inner
force are confirmed finally. The method can provide a new method for the calculation of interval numbers of tunnel lining and
engineering application.
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Fig.1 FEM model of tunnel
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Fig.2 Model unit and number of lining
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Table 1 Statistical characteristics of random variables
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Fh%k c/MPa  ¢/(°) 3
d/m FE,/GPa E,/GPa U y/kgm
¥ 03 29 12 0.3 0.8 50 2 400
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Table 2 Interval values of random variables
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Table 3 Influence level of lining’s internal force by variable

s 2
B o wm w2 R L
ok c ¢

d E, Ey M /4

wwkr + + - — / n

0 (9 B AR X AMER T4, A
PR TCERAFREAT VG, 15 21 RS Aot ) P9 7 1R X (8] 43 AT
WK 3 FlE 4 Fioso

M3 2 AN B e a] DL {5 380 4o 1) 5358 5 1)
WIS o 2 B8 BRI, BT R — 2
FEATI 1~20 FLIT I RO T ARUE(E AN [l {E 4]
T£ 4.

MRV H, BRI S A ARE(E A 555 N -m,
X A ME A[331 N-m, 892 N-m], P524r, HER
HATECR A ), bR#E(EA 593 kN, X [E{H A
[541 kN, 651 kN].

ETREN S, MMMk IE, Xt
4 R TG B ARG DR IEAT Bevt . Aedahilkif
WK S, NIRRT . TR 4%
AT D TR B R ER RTINS, DISRAER
AIRER I AT SE BEHTHE N ISR AL I &5

P \

Rilykttéfgfykf. F

+1.667x107
-1.193x102
-4.054x 10
-6.914x107
-9.775x10
-1.264x10°
-1.550%10°

(a) XMIFER

+6.384x10°
+8.367x 10"
-4.710x 10
-1.026x10°
-1.580x10’
-2.135%10?
-2.690x10°

(b) X[ F R

B3 RIS AX A
Fig.3 Interval value distributions of lining’s
bending moment
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Fig.4 Interval value distributions of lining’s axial force
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Table 4 Internal force of standard value and interval value of
each section

LI BHi /N-m My /KN
BT bR X [ FrifEAE X [
1 -2036  [-1550,-2690] 593 [-541,-651]
2 -1572  [-1139,-2176]  -556 [-503, -618]
3 -729 [-563, -973] -509 [-452, -576]
4 -77 [-182,79] -484 [-425, -554]
5 280 [103, 556] -461 [-403, -531]
6 351 [167, 638] -441 [-384, -507]
7 321 [158,576] -417 [-365, -480]
8 286 [146, 503] -393 [-346, -449]
9 229 [118,401] -366 [-326, -416]
10 161 [84, 280] -338 [-304, -380]
11 80 [43, 140] -309 [-283, -342]
12 -38 [-32,-43] -280 [-260, -304]
13 -140 [-94,-204] -250 [-238, -265]
14 -181 [-105, -294] -224 [-219, -231]
15 -250 [-143, -413] -200 [-201, -198]
16 -357 [-214,-572] -176 [-184, -168]
17 -428 [-256, -685] -156 [-169, -142]
18 -471 [-278, -761] -140 [-157,-121]
19 -515 [-304, -831] -128 [-148, -105]
20 -546 [-324, -878] -121 [-143,-96]
21 -555 [-331, -892] -119 [-141,-93]
5 4 iE

HITAERRIE TREF, % B2 2O Ei ks



510 4

A BEEATIBENL 2 BT I X AT PR TCVE

2881

AEMIBERUE,  ZERGH I TH S5 K BTS2 1R A 7352 ELAR
A HE 1) o SR AN 52 (R B2 50 DX i) B IE
BEMT 5 AT FRICRE ARG, s AT LUy (A B4 /4,
TP BN, AT T B8 T8 & R ) v A it
I

XA R LAS R, T LUE S A Ry
e, FHIX B B LA A AT AR SC A 3 (K4
XFASCR A A= N B R 1 DL, R A
RS A B LA E A N D (K5, AT R OoRE
FP2REL “ AR IDIRERACEL, HEMAFSIE M
BAGE PHIXESR . W ERE, ACTEE
TR AR IO IR OL T, AT 2B 0
B JE A BN R N 0 10 L BRAE, b3 R AT
RS

2 % 3 MR

(11 BRAL, xSk, BENLATBRICIE S TR HI M. Be#:
P AR H AL, 1993.

(2] WERE, AR DN YDA BR T vk A e 2 AL R

M. &t Ji%, 2006, 27(6): 899—902.
YU He-ping, XU Wei-ya. Calculation of slope response
under combinatorial loads by using interval finite element
method[J]. Rock and Soil Mechanics, 2006, 27(6): 899
—902.

31 SB-PFE, BUEi. XSS XA BIC[T]. M

HOFR )%, 2001, 22(12): 1 249—1 254,
GUO Shu-xiang, LU Zhen-zhou. Interval arithmetic and
static interval finite element method[J]. Applied
Mathematics and Mechanics, 2001, 22(12): 1 249—
1254,

[4] CHEN Su-huan, YANG Xiao-wei. Interval finite element
method for beam structures[J]. Finite Elements in
Analysis and Design, 2000, 34(1): 75—88.

(51 SREEE, BREZ, Dk, BAT XIS HUh AL E 451
DX 23 BT (0 — R VL [T]. HUBMORR 54K, 2005,

24(10): 1 158—1 162.

[7]

(8]

(]

[10]

(11]

ZHANG Jian-guo, CHEN lJian-jun, MA Xiao-song. A
method for static interval analysis of uncertain structures
with interval parameters[J]. Mechanical Science and
Technology, 2005, 24(10): 1 158—1 162.

MR, R, FLAF. et A 28X
] ST, 6 015 5 TRRAAAR, 2004, 23(6): 885—
888.

LIU Shi-jun, XU Wei-ya, WANG Hong-chun. Interval
back analysis of uncertain parameters in rock
mechanics[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(6): 885—888.

RAO S S, BERKE L. Analysis of uncertain structural
systems using interval analysis[J]. American Institute of
Aeronautics and Astronautics Journal, 1997, 35(4):
727—735.

HL, BRL. PSRRI 2 BRI B LA B T 77 R 1
ARV [I]. N FHEA AN 1127, 2000, 21(11): 1 147—1 150.

LIU Chang-hong, CHEN Qiu. A method of solving the
fuzzy finite element equations in monosource fuzzy
numbers[J]. Applied Mathematics and Mechanics,
2000, 21(11): 1 147—1 150.

RIS, T5H. ABAQUS HAf sy TR /i A
HTRENI. A1 1%, 2004, 255811 2): 144—148.
ZHU Xiang-rong, WANG Jin-chang. Introduction to
partly soil models in ABAQUS software and their
application to the geotechnical engineering[J]. Rock and
Soil Mechanics, 2004, 25(Supp.2): 144—148.

SOURRE, AKAE, RER. BERELS M SEEM]. dbat:
Hh R BT H Ak, 2002.

FARERS. MO TR S R 0 B AR M).

o N RASH H RRAE, 1990.



