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Robust reliability analysis of support surrounding rock based on Info-gap theory
SI Tian-qi, SU Yong-hua, XIAO Wang
(Institute of Geotechnical Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: The stability of surrounding rock support structure is the key to the design of underground structure. To overcome the
insufficiency of statistical information on surrounding rock parameters of deep tunnels, the information-gap theory is introduced to
develop a non-probabilistic reliability analysis method for surrounding rock. The info-gap model of dimensionless parameters is given
based on the uncertainty level, and the robust function of reliability analysis is obtained according to the system model and
performance requirements. The maximum fluctuation amplitude of uncertainty parameter which can be tolerated before structural
failure is taken as a robust reliability index. An optimal support resistance of homogeneous elastoplastic surrounding rock is obtained
based on the slip-line field theory. Then a response function of stability analysis of surrounding rock support structure is established.
The engineering example illustrates the specific operation procedures of robust reliability analysis. The parameter analysis shows that
the greater the support resistance is, the more stable the structure is. In the meanwhile, it is shown that increasing the internal friction
angle and cohesion of the surrounding rock is the key to improve the stability of the support structure. The proposed procedure is a
reasonable and effective method to deal with the uncertain problem when the parameter information and sample data are limited.
Keywords: support surrounding rock; Info-gap model; robust evaluation; response function; slip-line field

TORRIAAH & o AT, BN [ B

1 51 5 B, DA A Sk B R RN B, g

TRHRBEIE LA i T A R 4 F . A
BRI E IR RYE, AEARRRERE EAFAER BEALIE
B AN e P o BT IR AR P 0 A
MIEIEFEAR s T5 e HAT, 2 Bla s e
PRI E 20 0 2 28— KeAT PROCEU AU
RTS8 20, 43 b7 Bt Jo 30 1 (8% B 4R
A JERE N X DT A TR BRAS 5 11 A

Wk H M. 2015-04-01
FEH: ERARBEIEESINH (No.51378195, No.51078136).

AR LRI DX TR R R SO v 5 SR

SR, IR TVEAE ST SR T SRR I A
FHEL AL B, W TEMAHESRIHEAR
AR A, IRAFIERS R AR, SR
FEAEBAUA B 78 LA 1 01 S HU B oy
Ao JER, SR Ia) BRI AR A ] FEVE 23 #r
D AR, X AL SR VA R d

This work was supported by the National Natural Science Foundation of China (51378195, 51078136).

SBfEER A "R T,

1991 4FA4, W-EAFFTAE, RN Gith ™ 254 5 BEE TR MW T/E . E-mail: 15200932464@126.com



828 b +

b2 2017 4

o, BUEBAI IR AT T AT R 2 A 45
) AN ER R T4k, AR fad— b,
LB ZATAG IR TV AR AL B T S5 R AN i PR I
52 B — 5 PR

BT R A, Ben-Haim #2 T
Information-gap (E Info-gap) JAEMEZFR AT SEVE T 7
O, R RO AR R T L B
I M. 1958, Info-gap BRSNS Bk (i B2
SKARAR,  Jo s FE 42 AN E S5 (1) 70 ATRe Ak i A 75 0
ES R EEHE .. K, Info-gap B K H Ao fiE
FRVMEA TSR B, o] DU 1) [ i 2 B 878
WX RGMEREMI ST . )5, Info-gap S ] SE 1k
SRR RS A B MR S ITE ], RS S B
AN, BVHBRATEE, AT BUER AL BT . 1K LRy
AR v SEME R MR S5 AN AT T
— gl

FF I, A5 Info-gap FLig. K H Info-gap
BRI AN € 2 5L bR e 44 A PN 3 3)),
LT Info-gap AL RIAS AR nT SE 13 HT 0T V. AR
Jo . HHBYUIE 41 B AR B S 3 Bl 2 e S
BT, QAL S A AR S M IR R Y BRI A d
W ZOTE N TS0 TR, 434 T K ke AAS
SR GRS PERE I RE I, A BETE TR S5 A1
R E MEVPAN SR AR AR <

2 AT Info-gap B ) AGAd R SE

TRV it Tk R R A AR IR 2 IR AN
SENE, FERDRETERNAME T, IR S AR
AR b CaT RN T ] LLor AR,
BT RE BT i R S A BT I R rh T DL R
W, BT, Hq®ow: S RKuE AN E
BMMEER ) ESH, HAETE RIRAF AL, B
TN HEZ A R iR ZE AN TTE2, FRA Bt 240 FHu
Fore MRt R, B, RO
THE S ESAE 3, AN RSP 8] 1) 22 0 50t
R, STk, SEHPIRAMTh e ST &
NN Z(q,u) o
2.1 Info-gap %Y

Ben-Haim A A", S5 My MRy 5l de vt 2
G, AL RIRENE AR S BRI AN E PRI, 12
P RASMER . PIEER, RNEATEME. AnT5EM.

h T EEREAEPERK /), Ben-Haim £ H T 5
TSR Info-gap LRI 2 S B AN
AR HME B IR i 29 2 FE BT R S Sk ik 2 = A7
TERIAE RS . ¥ R, WA SEEER, & AT

S FTEN Banach ZE[H] S” [ —A> T4, Info-gap
B U(ar, f) R R, x & ] ™ IR 44 b rme
W Ula, f) RAHES BN —NMES, Fa At
T RIASKR 2 VA2 5, R BB RN BUs i
WA, f A E S B ot e 4 A,
RSB R, B F =+ 02,
F R 53500 25 $0 X AR FA B R PR

Info-gap AV Z ML, Hrh LRNAHE
PEACFSEB A — 3 A A (envelope bound
model):

U(a,f)z{f:‘%‘<a},a>0 Qe

H EX A1, Info-gap AEALGFEAE BRI,
I FHES B L A HRER AR 2 P&
PG —RAERRENARE K Fa=a, B, f
TEEA Ua, [) I A (K A
PEARP-ZE o WRAHEI, U, f) R DER
P RES.

Info-gap #8432 LA R AN 2 2E:

(D WEEH o, <a,=U(a,f)cU(a,, f)

() WiE2 ¥ : U, f)={f}

BRI, B o HK, AiESE
fSEBR AT REMEVE B AR, R o A
et —For o Wi e R, FHa=0, 0
R REARHEMEN R, WAEpME f 5% XE 2
WL TC M 2, I Info-gap KSR AL ffi i M43 b
B, 44 SUAH £ A ME— Rl RE I S
2.2 Info-gap Faf@ ¥

Info-gap Y R fi I (K156 Rl 2 K R A A
WE K F B8 o M Rt R, IR 2
(R VPN PSR RS . ARfEMACESH a (7]
ez A e R s g 21

Info-gap Fafi st 3 M2 ANK s TS
. R AIVERSEK . Info-gap B8 U(a, 1) H
SRARAAH 2 TR, R Ky RV al
N, BRESRPRETIBERR R 1 Z(q,u) Fom o Bl
THELSR R G B (B L 5005 2 — e I P BE sk, .

Z(q,u)=0 )
TR RGUNEREZER AR (¥ . bR B AN N T 06

AN E S5 g A w0 HURBERE (R R P 2 6
AEEFTEBEESR I B KA E KT o -

a(q,u)=max{a: min_Z(q,u)= 0} (3
feu(a.f)



53

w RIS 5T Info-gap BRS 1 SCH H A A nl SEPE S A 829

A BIA Info-gap R BREL,  a(q,u) T HIEAR
Bk, X (3 K, W Tkt Lsg, Wil
oy MARGETEREEKR, AHE K28 a Bk K
ERES N, BB Z (g, u) P NAR R 2 AN T
0, HIS5HFAS AP B A B e VAN E MR R
BN R R AIR, fEIX— I fErh, 2R ss
PREFRE AN SRR
2.3 RREIER ARV

a(q,u) BN, iR AR Z (g, u) B VEAS
T DS 3R AR AR BN, (g, u) K, IR 2
VEAN & P DS 3R 2R A B, 45 Ry RS i ke v
St DI, B a(q,u) MEARTSEREVPNFERR, WL 4G
P RGSE AR PEAN B ] 3R

a(q,u) = a, (4)

X a(qu) BUNRSRERR, o, 4 SEPsill AR 201
SHARACEAE, TTELH R AR

a,=(f"-NIf=(f-r"7f (5)
B 1 AR R ST S X 5

| ugEKile<q —] ZRAMET
[ -

a, > a, ZHEREE)IX )
min Z(q,u) <0, J5k

M1 P

Fig.1 Robustness evaluation model

4 TR LIRS VRN BN, SEPIAS
T Z RN E T XA, SR AL PERE K,
Kb FRE IR o

3 Syl Sl R i AR Y

SCHPE e SR REE 3BT (1 W I bRy K R AR 7 B
(SR, AN RE BBl X S dm g M it n i) s v s
Fl e S 3 SR D e e T AR h

Z=R-S§ (6)

K PSP ERSR NG S A ERIAESCY
Sk L 1R Ay RO - 2 R i 2 LS AN BT V)
TERB WA /N ST
3.1 HRARITIZREE AR

HHr, M s3cn 5 Bl AR AR AR
P SRR BRITAZ B . 18] 2 R THZEAR 0 R 1
EREE, Ab T35, sk H A& A1 JC RO
JEH BN T KT g, » ARG BEIE I EE I

Al L sy BIRRAE HOA p, o BEREAETT 2T % 4
AR ) AE T AR )y, B p, = p, » FEIE
2, p, 1 q, B8R p o 35 p/NTREIET
W ST p,, CBIIESI N Ty By PRI D, I % 10k
TERCEARD R, AR, A7 T2 Rl Py 1A B oFs
DUEBPEAZ TG, AL T PRI CLAR R Bl AT i T
R o REZ I E 1 TN AR ) JEAREE, - I3 A AN
% L& Bl F .

I

B2 BN IR

Fig.2 Excavation model of hydrostatic stress field
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Fig.4 Influence of rock cohesion on robustness
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