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Abstract: The key block has received a lot of attention in underground engineering because it loses stability first
after excavation. The block theory originally proposed by Shi doesn’t deeply discuss the geometric characteristics
and explain how to determine the precise locations of the key block. Therefore, the Unwedge program based on
key block theory can not predict complicated polyhedral block and determine its precise location. In this paper, the
stability of key block of a large underground excavation is analyzed in detail. First, the Unwedge program
(Ver.2.35) is used to identify possible key blocks and some limitations are discussed. Then, many kinds of
geometric models of polyhedral key block are set up and a new computer program is developed to search key
blocks and determine their precise locations considering the action of gravity and dynamic loadings. Finally, the
results of the two methods are compared and the differences between them are analyzed.
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Table 1 Results of block stability analysis
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Fig.2 Typical blocks of underground cavern

AIZNTH R AR B B 2% TR A B 2 AR
WY, Fi5b, WIRERIANRRE SR B T H AN E AL
BT B S BAE BT R K SER AN RAE X
Ik, 3 F %A R R AR B AAR S AE S IR BT I 72
B BTN -

4 HcRIKIRIE g TR R

YENSEBIRES, AT HER Unwedge 2 /71— L&
SRR, JFRT H—En Ll G AR e ik
JUFTR AR A BRRR, 1%A2P LA 1998 E i
W IROUTRE SASWOLH R AR E M BT ARF)
oE- 2R

TR, R M, Hrh—RE A Unwedge
PP B BARLL: A — B W72 AT DA IR R 5E
SN TR I e R T 2 AT A L o Wi
0, ZESEREKGMBEIRN; BRI E R T
FRREAT T S5 A T BT A A% 1 Y
4.1 BREKEJLITHFE

B3 R AR SCATIEMARAR R . H RS E;: L
FABRKE: a, b WIERFETINE. B,
TR 2 [ TR ] oR W F

2 2
SRCEIC
PRANIZL 3 7 F2 -
y=1b (2)

B3 ARSCHTIEANE R

Fig.3 Coordinate system selected in this paper

H AT L BTN, 78 B AR ALPR R P s Tl P
RN
Ax+By+Cz=D
FESLARAS (BT, S5 R 4 77 1) AT pl LA A A A
[RF N F5 CAA o, « A B, Fl— Z5 M TR IE
MEAG =1, 2, -, n), WHEEHE i KHEW
T:
Ax+B,y+C,z=D, 3)
Hr,
A, =sing, sin f,
B, =sing, cos S,
C, =cosq,
SEiEYD, BdlE e, B, n T
SR ARAR R, AT IR AR

D, =Ax, +By +Cz, 4)

A DAWE, HEH ST HEFEENEL
U, DA T e PN E, B,
ATHERREMWH WM E. £ L, D, (=1,2, -,
) TEF AR T IR IR AL E .

SEBr b, )k L B AR AR 2 1R AR
RTREMID ARG . e AR ARAERRT
WFFCR TS AT CA f G5 A T A T2 T bR A . (R,
LA SR R0 F &R R B H IR AR
fr B AE B LATHRAE -

PARBITEAR BT 43 R DU T AR A4 7T %,
VTR SRR R SR ARIIZAR, ATUAH TSR A k.
eIz RSN P A N PR ¢
B PSR EEPT, HESAAZETE
. BLHE T TSI B — LA AT R A
TR E WA= BT B 85, WA 4 57
RN E A, TIRERE, RE PR 5 A



F25E FE2H

W HERE. FER UM R IS B S AR e T *309

Py

Py

Py

@ ()
B4 SRBHMREEAER

Fig.4 Basic elements for block

AU, FlanPUrmskis IHIG A1 HAEF, B 4
R —F. FH, SMEBE S)TUUH IHIG ik
U b HAER A FR . B 6 Fios A idihs L sk
&, Hop REBHERN 1 ATURERSE R L, HihK
2 F0 3 AT s AR VR = B TR B RS A B

s PUmmsiAdlpg
Fig.5 Composition of tetrahedral block

N

(a) (b) ©

e ik EMEmRE
Fig.6 Polyhedral blocks with plane faces on side wall

ﬁ%&4/l\§é)§j§lpo(xoy Yoo ZO)’ Pl(xly Y
) Py(xy,5 ¥, 2)MIP (x5 v,0 z5) Bl 4(a)
U B R AA AR S T

X0 Yo

V=1x1 Y

N

0

KAl

= (5)
6[x, ¥,

X3 V3

B 4(b)h U SRR T LA R

Al
Y
Y i Sy vy

&Ny
w

V=V,-V, -V, -V, (6)

AWP: V,HF, P, PP HB: Vi H4NER
P, P, PRVP A, H P HE y=y, M=z,
LW J ER—NR, v, WTHRG)THE
Vo, # P, P AP UUKEREE P MK, A %0,
A #0, WV, IRRHR

v, =§(“;bJ3[ii —if]sin3a0 )

X o b X BFIAE T M Bk A .
%Ak:OEc”%‘Aj=0, Mv,=0.
Vis#l Py, P, P INBRFEIE Q. HIHL #7 A #0
EA].;&O, Vﬁﬂrﬁﬁ[ﬂ‘:

3 ’
B! B
Vl3=2(a+b] 4 _1 sin3a0 (8)
302 )4 4
$A =08 A =0
Vis=0

il
B =B, cose, +C;sing,
B’ =B, cosa, +C,sing,
B, =B, cose, +C, sing,
a = arccot[ LT }
Y, + Y

CAVEAR BT 9L DU SR A A, ARt AR P,
HAbK) £ R A REME R H T AR Sk . AR
T LERAA RS .

M ZIABE T LA TSR 6 s, 18 6(a)
Fis HBRARHE) 1 MTRAERE L, B 60b)FIE 6(c)
SRR T AE A LR 2 R 3 AN A
4.2 REERENER

W b, RARRESEaERE. B
HES. WA EEE). B8R, JHEEARERA W
. ERSERP, REG—ELTERZTH
—ANEAAN RS XA REKESNE. RE
BRI S B BT R R A AR E B4R
[y,

421 B 1

BRMNTEREEET, §AERKEITN,

w7 FrR,

7-5,>0 9)

X 0, AGMEMABANE, FAS M.
422 WH—ATHIED)



*310 . BAFE TR

2006 £

7 RIEF
Fig.7 Sliding forms of block

wE 7R, RERAE—ANRHZ L850,
ARSI T, TH BT T REER:

v, =—sgn(7-n,)- A,
v, =sgn(s-7,)- A,

10)

(x>0)

1
sgn(x)=<0 (x=0)
-1 x<)

HAFF 5 [EHT, Hi#l,

4.2.3 AT IAEAC 26 51
EXFER T, RESFRNEENAZTE

B, W56 SN A

S5KTH @ R0 j A R AR

v
Vv, =-sgn(s, -A,) A, (11)
v

KA § 0 F AL EREGE, § A7 S
JERBEE, Q% jel. BRIXPIA ST 2 R
B, Bk, s, WiEwT:

A XA,

——sgn[(ﬁ, xﬁj)~f]

S ST A
lnanj

4.3 BERBAH T

BOAL T AR B U Sk, BRRBEUR A Shirig
G, NATEH 22 R B TFREINEAR,
NSRRI T

TS —NHE A, REREK NUWER:
_I7lcos@tanp+cSy
- |7 1sin @
YIEIETESNET, ZERE K NIFEWT:
Zz:(Ni tang, +¢,Sy;)

|7 1sin@

K

12)

K =

(13)

XH: ¢, o, S, ORAEET. WEEMA. B3
WA 7 AST: N WENT: 087 N 2Z 6§
Je A,
431 EAEFERT

HRXFEN T, REBSENEHTHME, U

F=W=0i +0] + Wgk (14)

Ay NEE, VARG, ¢ hEIMEE, &
HEARE.
432 TEBBAEHET

RORH T FFRPHE AT, e AR
T PR FERS RS . Bk,
PrERtE e VeI N 2% L8 2R I BRI 3R . AR AR Bk
B R e B AR, BRSO FE = 4 K
77 e A3 B 5 [ B iR 2 B 2 = pm. B
B, R E REREEBHARD . KPMEH
7 17 R 05 P B B s

a, = 4.418(R/%/—§)—14150 74
a, = 19864(R/§/§)—1830 6

XF: a,, a, SIAKERNEEFRRINERE; R
KB OB BAELOHERm): Q MESKIR
Z(kg). Bk, KPRFEEFRK S ERA

th =Wa,r,
Fhv = Wav;:bv

K Ry MR, S0 R K77 T AL BT 1) B S A
KE. L, R, FRTHERS e din
FHRERTR:

F=W+F, +F, =W(gk+aF, +a,r,) (17

433 EHEEAT

SRR R R T BV RS e R A T B ta
RS E R RL, VB R T HRAR B/ RO B R (6 )
AR KRR T MR S R BT S, WMHTE
HEEH FIE SW R FR:

?=W+WKehg;:eh +WKevg7-ev (18)

AN K, K, e EKEREE T rhE R
.
44 FIRBIEFNGRS T

gr bR, fEM TR, R e LTIt
WS RBFFHE P ) G R AR . 58, XTHET Unwedge
R TER, BETRT RE IR ZE S,
BRI O DY . PRI N TR

(15)

(16)



FHE B

B MESE R RUM R RS b B A RGE YT

*311 e

R&EILT —H Le3, Led F Lel Frib it C gt
&, ZHE DU Bk, TRHE —9Rih. &R
GEEFR B RI AL SR AR BN B . @i % b
£ Unwedge F2/7 FHIZEH, A2 0T OB I AN 3
EVFE MR E R P22 R E
FWAE, B, of DOF @ TR SRS
MRS, EREEAENELT, Ll RS
HHEHENZ S RHERAN(HEEFEHK S
1.16, H Unwedge E 1 4 1.36), B2 W31 2 —FF
1, Wl 8 /R, JRiAREFPH T MoC bk, B
KELAE (219 m, —5m, 9m). Unwedge F&%
ARETHEAE BB R IR RE, ThF
REFPHE M IBUAER F 24 RE0N 0.65, HIE/ER
TE2RHEH 0.76,

=~

\

A\

D]

B8 FHi%ReE i e R B SRk
Fig.8 Key block identified by the developed program

5 & &

G LFIR, 7E Unwedge R, R T 44
TR AE TR 288 T SRR, H HAUFSHIET
T3, LSS o] LU UL 7] A E A5 AR
R UE. E1%EF T, ARTFEHEE
), B SREHIAR AT REM KT .

PASEHB AR LA, 18R T 78 KM T FFfh
B RIREE M, fEMEH Unwedge FR/FHORLREH, &
BT HR e 3 N A2 G B Bk R R . BFS R
B, H1 Unwedge BRIFFIBHISER, TREET
WU B B, J¢H AT REm AR B vk A B R
HixE, MZEEIERE A R, N T R IX LR R,

AWK E M EHRT —HEF, S8R
e I HR BTN NI E T IR A
A RER AR E VR AL E, JF B T eI i
BAR U ISRAAR N T PR TE P 1 2R 2 RF AL,
IR, M T (45 R AN b A8 A R A LAt A 7o
o

$ % 30k (References):

11 Boyle W I, Goodman R E, Yow J L. Field cases using key block
theory[A]. In: Proceedings of the International Symposium[C].
Helsinki, Finland: [s.n.], 1986.1 183 -1 199.

[2] ~ Park H, West T R. Development of a probabilistic approach for rock
wedge failure[J]. Engineering Geology, 2001, 59: 233 - 251.

[3]  MitoY, Kikuchi K, Hirano I, et al. Stochastic block theory for initial
support decision of large slope[J]. International Journal of Rock
Mechanics and Mining Sciences, 1997, 34: 511 - 515.

[41  Goodman R E, Shi G H. Block Theory and Its Application to Rock
Engineering[M]. Englewood Cliffs, New Jersey: Prentice-Hall, Inc.,
1985, 338.

[51  Hoek E, Joe C, Bin L. Unwedge user’s guide[R]. [s. 1.]: Rocscience,
Inc., 1999.77.

(61 ¥ . I BRRESE AT RGP F M (Ver. LOYRI. [s. L
[s. n], 1998. 15 - 40.(Xu Qiang. Users’ manual of stability analysis
system of slope wedge(Verl.0)[R]. [s. 1.]: [s. n], 1998. 15 - 40.(in
Chinese))

1 X1 % T TR RSRE IR 348 0D]. K-
REPBE LR, 2001. 73 - 116.(Liu Jun. A study on blocks stability
in the surrounding rock mass of underground excavation[Ph. D.
Thesis][D]. Chengdu: Chengdu University of Technology, 2001.
73 - 116.(in Chinese))

(8] EBH, HEwk, X4 T TR REEESHRM. L5
BLEE WAL, 1984, 282.(Wang Sijing, Yang Zhifa, Liu Zhuhua.
Stability Analysis of Underground Engineering Rock Mass[M].
Beijing: Science Press, 1984. 282(in Chinese))

91 % # EiEEK. BRI KRR Fa o iE T i
LR MFTKE SIRERYY, 1996, 7(4): 1-6.(Xu Qiang,
Huang Runqiu. The theory and application of stability analysis of
surrounding rock in consideration of geostress[J]. Journal of
Geological Hazards and Environment Preservation, 1996, 7(4):

1 - 6.(in Chinese))



