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Coupling Real-time Simulation of Structure Safety and Schedule of
Large-scale Underground Cavern Group During the Construction Period
SA Wen-qi, ZHANG She-rong” ,DU Cheng-bo ,WANG Gao-hui

(State Key Lab. of Hydraulic Eng. Simulation and Safety, Tianjin Univ. ,Tianjin 300072, China)
Abstract : By establishing the real-time dynamic mapping relationship between the set of the actual construction state and the set of the
emulation mode of the three dimensional and full scale numerical model, with numerical simulation technology as the main means, and
combining with parallel computing method, the function of coupling real-time simulation of structure safety and schedule during the full
process of construction was realized. The bad geological conditions were mapped to the numerical model, then according to the real-
time simulation results, the prediction and evaluation of the structure safety with bad geological conditions were made, treatment meas-
ures were put forward if the safety of construction state does not meet requirements, and the treatment effect was predicted by real-time
numerical simulation. The determined treatment measures were converted to construction parameters to feedback to construction sched-
ule control system, and the influence on the construction schedule caused by treatment measures was evaluated simultaneously. Final-
ly, based on a mixed programming technology with Python and VB. net, a large-scale underground cavern group construction structure
safety and schedule coupling real-time simulation system was developed. The system realized the field office integration of underground
cavern group construction safety and schedule control, which provides great technical support to safety and schedule control of under-
ground cavern group construction.
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TERF K TR B R, M i SR KAk BUBEAYAIBTIN I, i T A4 s 18] 25 [ )™ 8 K e B2 4R
RG] P B E SR RE N —, HREE K 7edihn . SRk T3 T TREAUEER, it T AT AY
M AR TAEAR AR T AR i T DX I B S

KB B :2012 208 - 11 B, R AR B2 LA BRI T X
BB KOOI SRR SION00D) e s B 50 ok i L 7 56 s P42 T

YR R AT O (1985—) 3 i1k BF5E 07 1 K T 45 g% . - - e
HF RS E-mail udam@ 126, com TR PN A 3R I 5 A I ML BBR O, 11 4 DBy )22 il

# W ZT 2 A E-mail : tjuzsr@ 126. com PRl A o Y AR R b BRG] B 6% 7 it T



514

OCHT A5 R R = R T A5 48 22 4x S 1 FEARS B S 99

RS S R PP X R 5 4 2 4 K it L
PERZE SR , (A A B AR B R T, 58
FIF 7 A TR TR ) e T R 4 o] TR A ML E A T
SR 58 i A e 2

BEE BB AR R AL EOR OF 7315
R R AR AN T RS, T M 3R 2 A A7 AL 5 T
WU TR, JLF- R 1T AR it T AY
JITAT AT, [+ oL i 25 R R 5 S5 5 LR 7T
MR N S A 1 2 on I AR TR
RO B R ) 2 28 O RE S T 1, OF
LA Sy At i 7 REAS BRI 4 S T R 40 AR
FE MRS A RE R0 07 7 ik 5 TR 25 3 F %
OIMT T IR R O T T s Bl R R AN AR E [ A
PEAT S B R 5 R g B 7
S S MR R e R ) BT A 2 = T iR
MR A SR A MR b ST T R & R T
I B A5 43 0T S O s A AR IR R T
BAFES 4 R4, i ] 523U R i % 17280
B A IHZ B B A AT . LA B RS0 R
AR TR T A 5 R B — & i AR AR T (EL2:
XA ARE S it TR S SIS B2 P | A 3k
ARBE ALY A BEPUIR 28 B W B TR It T 454 22
Eoespiia ki FER IR IS U

2 B PR AW SR TR A b B A 3R A
(A BRAS B, a7 R S e TR S B MG 2 T A
FERY TR 3 44 ] BB Y, B 26 it T 0F JEE A
S 7 BT B B 8 5 S A SEBRE TORR A
55 3 2 4 NORE B A RS FDUIR 285 22 [A] ) S92 P ) 285
SF 7% S BN EU AR R A T SE M SR, PR UE S
IR 7 FLITIN 25 SR ) TE A 1, 2 T A 122 4 5 0 2
P A1 B2 255 TN PN T AL BRES T A T AT 1 o B
J& , FIH VB. net + Python JIAS 5 AR & i FEH AR
Xt Abaqus #EAT ZUOTT A, PR T 1 BRI i %
TEIE T2 M 22 4 55 1 FE AR & ST LR B, A AL
e i 1 A 2 A B it TR T R SR A
P,

1 PR SE AT Bh SRR S

I IR = TS24 2 A ST 4 AP S
R R T 45 2 4y LA LR TR RE A A3 2 T
FEEORAURE R T , LS ZOUL AR (A ) SEBR Y T
Ffls TARAS o W TARZS AL 2 Fr A, 20 51 9 T
P28 AT T S A TR B R 2 (B 2 BT 58
RS 43 ) AR T DX PN S I ) 3t BOIR A (58 AN R

WoJ50) o FERCAERLADLE BB AR UF, BR LA SH A1, 2
A AREAG R BB AR B0 36 4 R R Ao TR
UIRBEAS IE A L TR S PR TR 3 e RUE
TERER A SEI B A5 MU 5C & B AT S B i1
TR T e B S A
1.1 SEREhSRETHHTE

WSS PN A T OC R S0 R Z AR R
Fo AT HFFEHL I S AR TS 07 SR
it AN B R ) B e ) R S N Z VA
JlE TARESES (L X) HBER IR G
(IEAY) ZIHRSER B SR I X — Y, 5]
y = f(a) S PRI BRI PR B AR E — BRI bR
B H X RIILERS Y B ICER AL B A B
R FR o T ST AW S AR AEAT R T ARZSHRRE
PR F Xk 7 A RIS TR PR A HPR 28 , 8 31 S5 e 5 )
HH .

F 5 B it TR 2 20 D it T 2 RS (A2 R
%) FHLECIRAS (IE0 2 ) PIREI AR, IR HE ST Y
B IE— N2 — R L T N2 ST
TLAR MW BE I SORTE , AR S A WS S PR b —
ot XS PRI X I o 5 80 T i R 5 e R B AN [ R
H AL 5 B TC R B AN E T BEHLIE , i S 25
i 2 NMEG IR

*21 N
X1i )1
i

Bl &£EMHXE
Fig.1 Relationship between set X and Y
1) SERils THEBEERZS T A7 JuR (x,)
it T T 1 2 At T 2 R e B A 2
FAN T ASHE R R 2 i T A2 AR 2 8 T
20 T TR 4 R AR D LT A BT 2 KT
D5 LT e it T bt T A ] 5 ALY T, X
SE TP RZBOERAL & 1 /N5 B4 BR 1R M i T i
e, T X 88 TP AR & A R B T2 T B B TR
AR T SEBRIFAZ BEBER S IX AT RS
2) SEPRHIFCRE T HRBT JUR (vy)
SR SRS 4 Bl Tk BEIR S i 7
R Ml {5 L, BIVBIT At T 7 SR AR 2 i 48 7 1 L o £
BZ AR T -5 MU THREHIICR 2y
5t THE RS TOR «, AR HAHRE B RO B
(o TEER 2y, 70209 2 B BL, 1 15 AR i30T b o 3



100 PO R A2 4 (T ARERL 2 R0

545 %

I 45 AR TR] | JH T 53 b BT A 8. 27 B AR 1Y 7
SEZ WIS TR, BTE 22 W SRR B 55 1 Fh 2
5 T 00 At S5 B 00 1 235 SRS ], kA 98 A R
JBT, SRR L Y T 3R e 2 S S A R B AE 1.3 7Y
RRNE A IVISU

3) BUARARIBHURE R G JTTHR (1)

AWFFE BT P B A AU 7 vk T 2R A PR T
: (FEM, finite element method) , H: ZLAS B A8 -2 H
AT B 1) R B2 AR ) RS SR A o B SR Ak
B RUE V2 FR 8 A RO iy /Ny B 88, I i
AT TR L BT A A A — A AR . OB
(BT ik S AT U Y, BB AR A 114 fi B A 2H
PANEATC , R T B RGBT EE A AR AL
REEE .
1.2 B Tt EAR AR SER Bh 7S AR

Jit T 3 8 AR 2 S I 2 2 I A ) SR g R s ARl T
TSI At T A5 R B © & THE 58 iU s 14
M W PR S TERUE A rh A B 5 22X Y R
JCEAH, Fi RS BRIP4 HA 7 RAE” Ik FI AR
Pt THE ARSI H Yo

Wi TS T IC R Z T, R S B pR g
S o B SO SRR UK BB AR Sy SRy TR A AR
FHPAE . TR T ST R 5T
F A X0 L (LA 40 5 ML BOIR S < 87 X0, 7R
AT HRER) o B R M N T = B T 8T
ORI A SE PR A2 T 5 i 5 L T 8 3 4
B THAZ AR o B o i AT o0 B, AT 5 T
Fo (1 ANTHZ B0 18 3 4ERUE R th R 2s ) i T B
ME—XF I 1 SEAoTHe(4H) o a8l 2 s,

B2 TRIEBEBIIEMMATSH

Fig.2 Element division of the first layer powerhouse
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Fig.4 Model of circulation network simulation
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Tab.2 Construction procedures that through fault
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Tab.3 Rock mechanics parameters of fault

280 EPERTE AL RE/ ONEEM KRN

et E/GPa m (kN-m™3) ¢/(°) ¢/MPa
S SG 4.5 0.32 22.5 31 0.4
WG 6.0 0.30 22.5 39 0.6
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