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Numerical stress simulation on surrounding rockmass of
underground excavation in low ground stress regions
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Abstract; By taking one hydraulic underground excavation engincering project in the Northwest of
China as an example, the surrounding rockmass stress field of underground excavation in the low
ground stress regions is simulated with two-dimension elastico-plastic Finite Element Method
(FEM). The simulating results indicate: the stress concentration is formed in surrounding rock-
mass; the compress stress at the roof of underground excavation is especially smaller than those
at both sides, and the tension stress is formed at the roof. Those results have great significance
for studying the deformation and failure mechanism of surrounding rockmass, meanwhile, they
will also play a very important role in ensuring the progress in underground excavation engineer-
ing projects. 1 tab, 7 figs, 11 refs.

Key words: geotechnical engineering; low ground stress region; underground excavation; sur-

rounding rockmass stress field; 2D elasto-plastic Finite Element Method; numerical simulation

B 15 :2004-03-20
ESWE PESLEREES BB H (2003 034 123)
EERM HEE965), B, EAH A HEAEHE WEREESBLE.



58 KEXFFROARFFIO

2005 %

0 3]

W AREN TERESEAFEZNBME
A AR T IRRBEENZ MERLNNL. S4
&, EAS AR LR R T TR EEZ R
FHEAFR.CRETAENHARR  ERETE
EHMIRZRDY, MENAAKERAMTFST
BEREHBRAN—MHER, ERAN BT HER
ERURERNBEEATRENE R, B
s, RRFF RN I R E T TREAEE
HRERHBR, AFEEMNIREXMERNE.
LR EAMER - RARHTR, EL TREHE. &
MABHTRILE.

EXRF_GEBRBUBRTHFTE BIRE
HBLBT I TR R 0 K IF 45 05 B & R R
KL, X ARRE I T — S HREEHREE,
i HE A R T4 5 TR E 18 R Ob SE 8, X 8
xR BT TR R 347 BB AR 1R

1 IBRMEFHSEBEARS

1.1 IREREFHER

HRR ARG ELFILE, ALK,
MR S5 &kE T HAL, 28 NW - SE MK 5
BfEF R REMERBR W MR R R 2HL
R FEE, W KBRERT —RFINKENE. XAE
BIRREEE 6, 5 L, £ B 85°~110°2Z [8) , 4 1]
£ 8 SW, i f 30°~40°. ELEIT, Mak R i 231
BOR&E HIFARBH AT AHE. HIZEELUE
SR EHEAE FEERFRE K
AF0.2~3.0m, EHTH 10.0m YU . HEH
B BRI R A R B RE R, P, X5 KR
W TRAEFRRERKNBIZEEES F,.Fs.F.F..
Fy .Fy Fi .Fo%. FEEIT, MM KW EMREE
EEASAFULB-ERABRIRE. RANEURE
WEFENNBERARIH KAWAS —SHERA
BORVR., TREAAANASEARAE. B8R
GREBRAXEUR—EEKET. Bl
ST R, e BE M 170, 8 m AR SRR L BA
TR HEEF R, EMAH 4. 27 MPa, A FEHE
BB/ ER SE 0. 5 MPa, K TE I G HEHE,
Tz BB R 7 0 B AR A, F 5T IK R Sy L It
MAR.
1.2 EHEHELRERS

ML ) A6 — E R4 4 T BB B EAR

ol

FHESGNABR/MAORE . KN HET
S WA B — B R K T Y SR T
BB R AE , AR A — AR J7 F &R 1 ER T
HE RN T KPR E s —FF R — 7 8
KFHLRE SEME T AER I E. W TRMA Bk,
SRR R A R AR R AT R R R R A
BEIHRBRFBZMARAHERLARED.
— AR » R4 S5 R UL B0 B B R A B9 K /D BT H
BN R RN % 3 MRS, B A AE
BRI R KR T 2 MR A

2 HHEENHESSIHESHIER

2.1 tEERNmET
2.1.1 JufTagA

TR LR B RTE M RS R A B R g
SLRY, T BRI R R R LB R
kEe . Bl A XREBERE,HESREHEMNE
AR EARE, By TR IR T RERNITE
JUAMRLE, I 1 R . FERTERSZ B JUMAEE o, 4
BRTAHEEAMNZEARA S SROTRE
BERARE ERRTENSHE LML LEL,
HEMENRFIMSHT V. VRS 4 FhA,
HEAMBFT AT B LA B o, 2R R R TR
X, 0 — e KRN AR R RFR TR
FAMRERLE. RALTRBREERAAN
2D - o H RS ATEBITE . BB R R N
A 2 fras,

Bl 0+310 BELATHE
2.1.2 BREH
7 3T B ST B SETH K F) T ARG B 0+ 310 £
BANEITEER, SR THRERHERLS,
TR Ay o .C BT 7 B 128 m, B R AR 5 i
K122 m, HIATREHRIEM K 88 m, [T 83 m; 7€
BT Bl X 0. 453 X =250 m BURES 3 4k



BEE FAMAEHBARTRENFLEBE L) BMEHEH 59

T

B2 A BT R B
HRHMBARDR, LHBR AR,
2.1.3 #HEFA

AR KT E e AT REE
BRI DWERFZHREERERATS
R BER,RHEF R L8N RS EEES
MEESRENRR, TKEN DM ANEDRE
SREH N HZRRE.
2.2 HESHHMIER

ARZEEANIERBRERHNSEBAEERE.
BEAREGRARE B4 AU BHIBEENG
WEBITE S BIA Fabi B Foli B Fu 2 . Fis
BAsKIBUR L. BEEEY, HESBEPFRH
MYHENFERME 1R,
£1 0H30HEHNRBRENESY

s/ (R |ERAR RS AR | Ak
(MN - ) | b | E/MPa |c/MPa |f o/ ()| B

B RA

ZHAEEN
&

Fo: i 2 (B
R

RPERE
BREOHA
Fo: Wi 2
ZBEER
a
BRaXs
Fo: B2
Fis i 2

L 82
fs#ER

0.024 9 10.35) 400 0.45 30

0.0230 |0.38| 600 0.5 30

0.0258 |0.32] 400 0.5 30

0.026 0 (0.31( 1000 0.9 39 {H-H

0.0241 (0.38( 100 0.1 22 E: 3

0.0251 [0.33 800 0.8 32 (B

0.028 ¢ (0.23f 1500 2.0 42 -8

0.0235 |0.38} 600 0.1 25 =R

0.0241 0.39| 550 0.1 20

#®
0.0240 0.3 500 | 0.1 23 E:
%

0.0226 |[0.401 600 0.1 23

3 BREAERTEMERRSH
AL KRBT MR E AR BE R S A

ABRHEBAFEHER, S RRFEARBARAES
PESEMRT T ABOERTIE. HEEX BN
R et LA _E R0 B AL R BEITTE X B, 4 Rt 1
IREEBEEFRE  BERKEN N BAENA
MRS B R MEE SN TRRAS 4T . R
THARTEBER, RNRERNEALE BN
HRMRBEFRAEUTHELIE,

0+310 MBI AA It E B K TN
FAF—7.79~—0.02 MPa 2 [a], Fr 42 b T 4L /v
F—7.79~—1. 32 MPa 2 [a] ; 8 $ 75 B 4 & & /b
EM AT —3.21~—0.01 MPa Z 8, FE K@
A F—1.29~—0. 01 MPa 2 [a) ; H 4Ll ¥5 B N 3y
RLS14+F 0.16~—0.55 MPa Z Ja] , FF £ W i1 4 A
F—0,91~—0.20 MPa Z 8, &R HE 00
fRIRE 7 X BB 4 F 0. 15~0. 627 MPa Z [8, {1l
B 3~@ 5 Fiw.

E4 0HOWEIFRER I GRATHNASMER
A6 BRI EF UG, fEE R LR R
BAMAKPHT I EBRENAEELXRBELE.
B 6 A, K POy BB A BN AEMNEAT D
THEEATREL AHMEL, RRIZNAE
80 08 A SR oK, O R B o7 B AR K Y 7 3



60 kX FFRERHSFR

2005

B 5 o+310 BiEHBENAHRAW I FHER

6.356 r

B A/MPa

-6.356

H6 0+310 B 555 m BB ARG FE
BEK P 7 i ok B A AL AR

ERRE EEIRNEME, RAEN HEZLH
BESN BRERNIMEEERREL. KBXE
RS EES B S LB R R E L R R
MERENE —ENXR. ARAENHBK TR
HEEREEREM N RBEE RN B, X —
KEAMEFERHERN—HHIEFR. 24
+,0-+310 WIE BB R &R P KR 11. 5
~49.5 m, MR #, AW F T 25, WA B AL BT
T BB Bk 2R I 5 —3. 70~—3. 75 MPa,

AN, E T MERBRREFLZE ZESH
(FERRTE L33 EERTA RS ELEL
MBRAREN DB ME., WE 7 HWEH, NER
WEEM BRI R AZFHLEERTN,  BRENH
gk g4 B PRREEARS, BEERMBGEN
Bot, EWAEMNERER. EEFTULE. X5,
7 ER S SR B EE I R T — 3 R B 3T
A B LRI s R A B R e, R I
B REEEBEEEURSERDTY B IRE
FBURXRER RETA UG ERMALE, M &

-8 :)50 0 8(;50
REFMPa
B 7 0+310 Wi 555 m MBI LERE
EHFE BRI ELHR
B4 1L 7 B ok (X BT U T 57 Ay R AN IR T R R ) e
K. XWHATEFBREUE, R EL TR —
EAEREIRE . 240, 0+310 B iF = AR AT
BRGMHERRE R 7. 62 m, REFZHE.ERR
LB AL BT R B K R 1K —1. 8 MPa,
T L R T T O A, BV SR O X
T E TP R [ L A7 SR K/, DL R A R
WELRE. FTEVNAFRAXFHA S QD&
T B FF M T 22 o B I G B B AR L
BT T HOE Dy B, SR RIS R AR RN AE
HEE—FREN N EBETH, REFZEAER
BB EFRE, R MEEN HETHB X
TR TR B AL FE R A7 (B, LR 7 B B X Fh 4k L
B, 524 S B A VA B E R B — B
HRBHEAE-TRENIEXER AZEFLEE
EERREMAMBDENAERBEAYS. #T
DA bt H SRR , BE A T A SOME IR o A9 1K R
R EFZERERENARDREBCARELRTE
ERER, EREEERNERMNE.

4 & '

ORBEMBY HXAEFEERAEN N EE
2R, 3 W 7 TR 25 A 000 B A0 TR0 B 98 B R g
KA ERN S EA T —6. 46~ —3.28 MPa
Z 06, TR T4 B Ak o HE B Jy fE A F— 1. 82~0. 52
MPa Z A}, Z40H%59 , 17 0 B 4b 4 B 1 1 R A
A TRAL FE I ST (B A9 3. 54~10. 3 £, LAk LT
M E S, FEEREIRSERT ~EEHE,
BB BN BSHLRE Jy 445 (X, 3o BB B9 KM



#6H

PEE, FARREARRTRAEFLE B L LA KA 61

HBEHEAMNT 0.119~1. 915 MPa 2 [g],

()R R 7 R =2 35 /5 M B K 2 O [\ ok
F R, B O BE A B B E R W s I, Bk
WA B A B AE, W TR A XK=
FIERLAJE R B A TE SR A — & A RL
EFK,

O K H 125 EHF MR KERM
HER—ERAHIE, PZEUE BERANE
BB R EN S, MEEEBRETNANBE, 2
HFEERAUNBHBE D, ZRFTEUT ERTIA
B, IEE T E B E A T B — B A1 B
R,@dX—-WEA— RS T TR
E,2XEREMM IRAEBRETEAREARHN
FEMNE.

(DERTEBEH I I RBE B 55 E
B ANE T 2 ML EALBOE B s R R I E K&
HA, A AN S RBRERHE PR .E
HR 0. SXFFIE LU B B e #i g, R
REERBIAG X3 — S HT AR KR E B A1
BRI, [ a3 R B T TR 5
MfT Sy E, A EEMNB RN ENEREXL.

S &AM

References:

[1] TR EHNARKIEBEEX] AXHBET
B R,1993,(4):1—4.

DING En-bao. Low rock stress and its engineering
geological signification[]J]. ] Hydrogeology and Engi-
neering Geology»1993,(4):1—4.

FRE. 3 AR R B A A AR, AR OB T
BT, 1980, (2):12—17.

TAOQO Zheng-yu. Study of rockmass initial stress{J 1.
J Hydrogeology and Engineering Geology, 1980, (2);
12—17.

BROCW. BT SR LB R M P B A R T b R 5
[MI. 224 H AR A i M 1993,

HAN Wen-feng. Study on loose rockmass engineering
geology of Daliushu Heishanxia, Yellow river [M].
Lanzhou: Gansu Science and Technology Press, 1993.
WHUR TEBRSmMEIRML LR R NR
#1993

[6]

L71

f10]

[11]3

SUN Guang-zhong. Engineering geology and geolog-
ical engineering[ M. Beijing: Seismic Press,1993.
EER.EERE.H X XEBEHHIE(MIL I
R PR B AR, 2002,

PENG Jian-bing, MAQO Yan-long, FAN Wen. Dy-
namics of region stability [M]. Beijing: Science
Press, 2002,

B EX A, BB BRI A BE SR
HEBFFELT]. of B4 BE 4] ,2003,16(1) . 74— 76.

XU Lin-sheng, WANG Lan-sheng. Research on
rockburst character and prevention measure of Erlang
Mountain highway tunnel(J]. China Journal of High-
way and Transport,2003,16(1):74—76.

B OXEREEER.E BRNKEEEAKSE
EREESN]L KEXRZERERHER.
2002,22(5):68—72.

FAN Wen, CHANG Zhong-hua, PENG Jian-bing. et
al. Thin mountain ridge seepage stability analysis in
Heihe reservoir[ J]. Journal of Chang’an University
(Natural Science Edition),2002,22(5}:68—72.
HEH RATYERSNERBEERRIML A
. ERBEHAEH 1999 .

ZHAOQO Fa-suoc. Study on mechanism of slope plane
rotation and stability[ M. Xi’an: Xi’an Map Press.,
1999,

BEHKF B.EES. RRELERNME R
FIMI. Jb3 B2 HRR A 2002

HUANG Run-qiu, XU Qiang, TAO Lian-jin, Simu-
lation and control study of geological hazard process
[1]. Beijing: Science Press, 2002.

# B.00KE BER MEKFHHERT TRRE
iRl ]. BB i T B E#],2002,2(3) .41 —46.
JTANG Xin, WEI Yong-xing, QIU Yan-jun, Numer-
ical simulation of subgrade embankment on sloped
weak ground{ ] . Journal of Traffic and Transporta-
tion Engineering,2002,2(3):41—46.
FOTLVEKALK P BREUAHAEEZLBNS
HAERFEA K] &L TBR%ER,2000,22(2):170
—173.

LI Ning, LI Yong-gang, ZHANG Ping. A simula-
ting inversion method for an opening in discrete rock
masses[J]. Chinese Journal of Geotechnical Engi-
neering, 2000,22(2):170—173.



