EANESY AR
202041 H

X % ® I K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 60, No. 1
Jan. 2 0 2 0

XEHES: 1000-8608(2020)01-0001-09

JET- SiPESC. FEMS (1) b% 18 Jiti 1. 550 {1 400 42 242

Kk Jm F, 3K

(LA#EHEIAFE TV REFMAaNMERERERE, 7 K#%
2. LE T EREWH R, L 200240)

B2 ¥ A I = %

116024 ;

WE: T FHALEWHRT oMK £ % SIPESC. FEMS B 5 3 8 M A 47 4 22, & 4 B
HEMETFHNHEEMERAE LB AER,ERT —HB#E T HR T
WAL AR RN S T T A B B B A 46 B, AR SIPESC. FEMS # # ¥ 4 47
B, SEI B BN S B T 0 0T T B m HUR0 1 i A2 A Bl SIPESC. FEMS 3t # 7 i A
By s, I R T K. Fl A SIPESC. FEMS t 4 # % 0 fn £ & 4 K i %
FoLAMEANBETLHE A, M H SPESC.FEMS #/ A S M ERE  HHT Z 0 F B HE LT
R REEARA IR T TREE TS B N EEEN, AR T E RN P&
ALY A R AL I AT R GE T 7 AT

=

KERIA) : [k e T B AR WL B8 B M AT 5 4 SRR OT 5 N 2T SIPESC. FEMS

FESES.0242

MERERIRES A

doi:10. 7511/dllgxb202001001

0 3l

all

Bk e A A2 T R A AR A0, B e iR
MBI e i 46 L LR L 0 R AT R S A
P RE R R 2 (2 T Ak AR B kT 5 i iz
Ui TR A A A BB ) A T I B 2 e A
R SR e TR NE R < R RN -
M 2R A 5 T B L T R R R R T 4
TR AW IR B, 45 bR 18 i T A R S AR O B e
KRS T ORI AL AT, B GE 254 A OC B S
14 2 Ji& v ok e b RIS T R BV g o 3 A LA
SCAPAE AL I AL 3 45 45 — 2 90 ] LT 58 AN 1%
B, TR 2R 5K T AR O g B AT B9 5 2 4R S K
i 3 45 B B BT 5 M A Ok T E RIS B E
PES L BREE GE P2 (TTAD 45 18 T H A #R
1 4 ol S 25 F TR B AR R T 2 AR
B AR - B A FASE Y i Sl 2 OB AL | TR 2
o, VAT A B T8 A 3R E R A5 AT
SERGAY 4 b TR . 22 0 208 LRI | i 225
AR TR | 3t J2 235 R S TR A S5 PR o 462 78 . 22 o A6 7Y

K BHEI. 2019-09-19; fEEBHI. 2019-11-13.

MR SRR S 4 5 IR T MR S50 5 LA
AR EAE FH B2 4 52 B TR, R FH 3t )2 435 F B AR
AL FE A A0t T 3 R b T 25 4 9 LA R
Hi 2 AR I . R, 2 25 R R R B R R
Z AU /NS 43 Tn) RT3k ik AT SR AR 46 R 280
) T FL AR S 5 (T kT 3R T o B O A R A (L
R AT R A+ TR — A EER
J7 1]

BE 7 2 v e w2 A PR 22 4 2 A B
TCIEN L T X SR i 1 R R R CANSY S,
ABAQUS.FLAC3D, Plaxis %) B\ 3% Wi i~ b F
SERVETE Bt T VAR B A b TR
N g Ry = WY T B N T L 8 S (E =R G =
RS IEE DJF e 22, RS E N — 2k
SH A QAT R R P SCIA  TORE R RRA(E S
B B AE 32 3 B2 4 22 45 TR 3R g BR A1, T vk 42 it
SRS AT e

SIPESC /2 A1 /& AL Tl 3 48 5 451 T2
g e B2 5 TR TR oK B & B R
G HIF O 5 R AR BB 5 B8 ) BE A E 4%

EE£TEB. EERHESUATRFBE (2016 YFB0200702) 5 [H 5 H A B4 3L 4 W BT H (11761131005) ;1L T4 A AR 3L & % )

Wi [ (2019-ZD-0021).
TEEE N

chenbs@dlut. edu. cn.

Bl B3 (1989-) , B, 1+ A= , E-mail : luxuze @ mail. dlut. edu. cn; BEHIKS * (1973, 5, 1+, #4821+ 4 S, E-mail :



5 A #¥ # I X

¥ o R 5 60 %

J8 TR AR B Ve BF 5T A TR R i R o,
F M A BRIC 50 B 3 F & 48 SIPESC. FEMS
25 S Y% VI O B AL T ORE N A A ERBL R , AT LA
NANTRZ O T K 3 BRI AL L mT R Tt
Jr %, SR B I gE N R B TR A0 R 4 4t Oy (.
SIPESC. FEMS 52 3% 5 o0 1 5 488 He iy 42 v
A6 b AR Al 5 SRS IR T Y 0 P ) AT A A 4R
S S NICT v = N I | S5 3 v A= I <) B S
g

AR SR i B T 45 A4 il T %) 3 AR B A R
HF SIPESC. FEMS J H 54 %8 M 4 i A 42, 7€
SiPESC. FEMS fJF & A0 HA 0 34 B A1 3l
J1oF-A5 43 Mt S5 D Rg L OF il V- B AT S R Ui RE B
B 20 M A B T it TR IR AR R . o
S92 H A B 6 U B £ R — A TR B s 4.

1 BE I i 1 A P F b R

PR FIAE S AR b B0 7 3 3 0 R g i T8 e
TR RS — % 5 I 18] (9 8552 M N ) 5 WP R 0 i
WL 13 A6 2 S5 AR vy, SR 2 A 5 B TR

I

)
| FiIF |

_—

R G |

AR Sy AR 30 2 AT o T B4 T g o S B L 5
HIZ N RARARE.

TE AR TFZ R 18 5 S IE B BAR AT — A i)
() Py 2 345 I 3t 4 350 B0 S 4 0 n] DL R
55 AP SRR B T A R AR R RE AR IE A S5 4
Ab TR E RS S A 20 4l 50 4F
AT U 6 ) B S 4 4 4 B 114 e O
SRR IR A & A TR AR A B T 5 4 1
FIF e S A R A I B R B
Fe U SFRE ST L IR Bl LA AN KR A E AR IR
(L7309 i D 226 S/ | = A DK (P E P
M Bl 35 [ A 7R 3V R L 42 o [ 1 7 7 1.

Wik T it A R L R T 7 ) AL U
L1 Pz X T B T TR ok 2 it 7R ) A 2 1 )
FLAE R A e — I 2 (9 3 2 PR S A AU A5 H: 25 i Y
7 IR HH G L Bk T 2 A7 Y B g g sl A
BIR BT 1 AT BOMEL 23 A I AN ACRT LA D7 6 3l 3 5
HE AT A B PN 3 BRALL T 47 5 | R A e T T L 3SR
G AEH R AL | b BETE B 2 B o B2 P % R OT
P2 455 FLAA Tk A2t

IEEZEN
}
| SRR AT KR

AWTHEEEE 5
N IR/ TRRENE

| s A 51

Hrla KA
REIRANT IR ENE

B 1 Wk TR B A AR AR

Fig.1 Tunnel construction and its simulation process
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Fig. 2 Numerical simulation method of anchor
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Numerical simulation framework for tunnel construction
based on SiPESC. FEMS

LU Xuze', ZHANG Sheng', CHEN Biaosong”', BAI Yang’

( 1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China;
2.Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China )

Abstract: Based on the open system of finite element analysis software SIPESC. FEMS and its elasto-
plastic analysis framework, a new finite element analysis algorithm framework for the tunnel
construction is realized with the commonly used stratum structure model theory and related
technologies. In this framework, the initial stress of the surrounding rock is calculated by geostatic
equilibrium analysis. The loading and unloading process required in multi-step analysis for crustal
stress balancing is implemented by using elasto-plastic analysis in SIPESC. FEMS. The technology of
birth-death element is realized benefiting from the flexible management of elements and properties in
SiPESC. FEMS. The technology of embedded element is achieved by the employment of multipoint
constraint method in SiIPESC. FEMS. The task flow of multi-step analysis in tunnel construction is
constructed by the configuration of dynamic task flow from SiPESC. FEMS. Numerical examples show
that the new framework is suitable for the numerical simulation of tunnel construction process and it
can be used to calculate the stress change in the process of crustal stress balancing effectively and to

obtain the optimal tunnel construction scheme.

Key words: tunnel construction numerical simulation; elasto-plastic analysis; birth-death element;

embedded element; SiPESC. FEMS



