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Analysis of initial latent causes for grotto roof damage
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WANG Zhi-yin" , LI Yun-peng ', YANG zhi-fa”, MOU Hui-chong
(1.University of Petroleum, Beijing 102249, China;2.Institute of Geology and Geophysics, CAS,Beijing 100029, China)

Abstract: In order to research into initial latent causes of roof damage for some Grotto No.4, the viscoelastic thin plate theory is used
for setting up analytical solution of viscoelastic deformation and stress for the generalized Kelvin model, based on the laws of
deformation and damage and structural boundary conditions for Grotto No.4 .To obtain the stress field and the displacement field of
whole region at any time, a searching method of analytical total area point by point is presented, in which total region is divided into
many small zones and each zone stress and each gridpoint displacement are calculated by given analytic formulas. By calculation and
analysis, the displacement field and varied deformation and tensile damage region with time are given for the grotto top plate, where
two dividing lines of possible tensile damage region are almost identical with in-situ measurement. This shows the boundaries of
initial tensile region are unstable source of later real damage. The conclusion is useful to protecting and maintaining the grottoes. The
case analysis has shown that presented model and analytical method are correct and rational. The method and conclusion can be in
common use.
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Fig.1 Sketch of analytical model(unit:mm)
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Fig.2 The displacement contours at #= 0 days(unit: m)
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Fig.3 The displacement contours at # =100 days (unit:m)

4 SR
4.1 TR EBRES T

b ] 2 A 3 rh 2 ANRER IS B 1) A e TR B
IR AL I T WL, Bl IR (RS, A8 B ST
I ER) EE N R MY T B N (] S 5E A
TOURR w5 X3 A AR T f K DX ks S AR 1T

K 4 i s AR (Bl KELUKE 6,

Bl 7 Pz B THUARAR T R A T ¥ B OE 73X —FiAdt . |
Bl 8 T TR B 1 B A (7] s A0 A% BN ] 142
g nr WL, ARTEAEAR] 2 A4S H @i A e A,
Kl 8 o a e ol 32 em ALIRAR L LR, b
AR T 16 em AAHIRTE LR, ¢ MU
AL od IO A 4 eme 7EIRE A L, WIER
7 AR TE R ILIE 9, B a 8224 ¢ =0 I 1F FHid
MR HhER ;s b 2k =50 d i B HIL AR #hk,
c &0t =100 d i F i AR e gk, w9yl
Bt I TR A4k, £EIE 50 d oA i 1 B A7 4% L
TAEFRE RS, KWV A KRR e 1R
Kz —.

"**“““illl

Jrn

,,,, AR RS W
“““““ »\\\\\\\\,\\‘i -0.001 600
2510 LTIl Ro0.001 00
CL L TIIIIIIIIIINNN Ny Foo0r200
200 oI B0.001 000
LI IIIDImITIIT 0000 800
Ml R0 6o
,,,,,,,,,, ////;;;;7 -0.000 400
11+ > = = = = v~ ax AT r
,,,,,,,, Sk 0000200
,,,,,,, f//ff//////4
05117207 saaarrrtrrillt
-,1!ffffffff{{ ﬁ(?

0 A N [

0 05 1 15 2 25 3

B4 r=0d BT E
Fig.4 The displacement vectors at =0 days

*““H*‘Ll‘ll | |
3f::::::1:iiti§§§§§§§?
\\\\\\\ NN\
“““““ \\\\\\EEE\’\‘, -0.002 500
250s s \\\\\\\\\E.QZ
IR 0.002 000
, Rt
R o S CCICIICIR
G -0.001 500
IS SSSESSESISIEE
LS|2 o2 oot 80,001 000
e AN
) I D A A AT 0.000 500
,,,,,,,, ///////////
,,,,,,, //)')'/"/'/‘//‘//;/
054, . ... Ap AL ; ; ; I z ; z {
P Pt 4
o
o 05 1 15 2 25 3

B 5 =100 d KRR E
Fig.5 The displacement vectors at =100 days

4.2 ZHXoHT

K10, K 11 5354 o, = 0.588 MPa I Tk
B2 X Hl o, = 0.15 MPa I TR #5211 32 4 (X
Kl o 3 Oz 4, BEN o, o, BIK
TEETHE M2 abiE: 2 Koy m 2 hrX, A
AENT) oy KTET4E N ZhiEbrfE. Zhilx
o, =0.15 MPa fabr2FHE 1) il F A
GE B/ LA B R 74 em BT RCETTERTS K .



510 41

FERAE AR IO AR ) U LA 3 1535

B 6 r=0d &S HE
Fig.6 The displacement grade surface at t =0 day

B 7 ¢=100 d R HIRIAE RS E
Fig.7 The displacement grade surface at =100 d

327

281

24t
ME
2 20
~~
R
4\:_!
16
12 1 1 1 1 1
0 20 40 60 80 100
t/d

B8 THAR B HHIE P M R AL B e 1) 24K il £k

Fig.8 The displacement time curves of middle points at free edge

£i% /10°m

-5
o9

Fig.9 The displacement curves of free edge with time

A=tz cpulive: 2l R gt diits

Bl 10 o, =0.588 MPa B TIAR FARERZHLX
Fig.10 The tensile area at o, =0.588 MPa

B 11 o, >0.15 MPa B TR FIRTESZH X
Fig.11 The tensile area at ¢, =0.15 MPa

HHE 1 s B4 TR R 518 10 K&
L1 P et TR AT 52 7 X 434 x) B mg 44, T
W TS A 52 A F B e 0 72 em,iX
5 SEBR i) 74 om 4k, i AR 1)
AR T MG B AT T A5k 116 em, THEE5 R
(B 1D RS A 120 eme 783X 2 AMHIT 248540
YRR sz hr ih2k, XA sz gt R 1
A AR . ESEPR B, S2R X T
RN, W] AR T BRI ST WS B B om
f, VAGREI AR . B 2R X 5 EAR T AN
o, NIPREEARIEREPPIRE, 2RI, 1
WA RIE, £2mZPRES. H50d EREETR
W, NI, ARSI SHI AR,
A1 AR A FLAE IR 4R

HRAE ] 1(b) 7 S8 B IR 7 FR BRI 5 ] LA
M, EAREESGHEETRE R, BARES B
ZRIXARFEARMEIRN, i B TR kA . ATEE
P T g S B R At A R IRl AR A
=, AR IEARKL TR TR SZ R IR A T R Y g AR5
SRR AR AR S A, JUHR TIARSZ h X 7]
PR LER, A THOAR R S Bl LA L 3 4 152
FRRAS, IFH R Rl S R B RS R,
FE R 1) TR IR S I R, 3 90 A2 2
X FLid Ft 4 Ja R IR R () R e AR e I



1536

i

2004 4F

4

5 48 w

(1) SCHRATRE SRR AR L8, XA 4
IR 1 THOARCRB A2 J 1 o 9 £ B AT IEA T T 0 B4R
W, IR T8 mH L RVE A T AN 8
NI SR B IE o P4 A T K hr X o3 e
SR O — AL AL, 45 BIE TR P AL TT
AL EVIE RS, HE T, SCR TR RN TR
T 5B HAT € ISR

(2) B M PR IR BER S AR e S A T L
THE G AT R 2 X S FLA F 93 PRt I
SR ECIE R I S 090 £ AN AR U o

(3) HiQ)EARKA T 4 AR AT 7>
s AR e B A 5 Ok B i 2%
=98

(4) SCHHHRO S NSRS DL 2257 CHTRSIR
MDD, EEE AR AT 5 B D L A
DR Je i R 7 U e AR B I
(Frsm, IR, T HATCE SR, i
BUEIANRENE BT o SEAT B SRR IO A 15
Tt BRAE BT

(5) SCHCR M A R A i R AR R %, fi]
AR IR TINTHEIIA L, HoHr 45 REGE T4
PR GidJn A BEACR .

EREEE 1530 1T
Z & X M

[1] SUNQ P, HWANG KC, YU SW. Keh-Chih A
micromechanics constitutive model of transformation
plasticity with shear and dilatation effect[J]. Journal of
the Mechanics and Physics of Solids,1991, 39(4):5 07
—3524.

[2] Qe PN Sun, Ken Cum Hwanc. Modeling for the
constitutive behavior of polycry stalline shape memory
alloys— I derivation of general relations[J]. Journal of
the Mechanics and Physics of Solids, 1993, 41(1):
1—17.

[3] Khoroshun L P, Nazarenk L V. A model of the short-term
damageability of a trans versally isotropic material[J].
International Applied Mechanics, 2001, 37(1): 66—74.

(4] SCH AR A B AL e T AR
WERI]. 540 125 5 TRE2EHR, 1998, 17(6): 628—633.
CAO Wen-gui, FANG Zu-lie, TANG Xue-jun. A study of
statistical constitutive model for soft and damage

rock[J]. Chinese Journal of Rock Mechanics and

Engineering, 1998, 17 (6): 628—633.

(5] RPN, FfE. An B g A BRI A

(1]

(2]

(8]

[7]

(8]

[10]

Z % X W

w24, FrEJry CRMb IM1AER: S5 80 Rt
1982.

TR RMAGSEE A5 B M]. ARFAAR, 58,
Bt Bl R, 1990.

FRIAI, TRAG D, ARZe MR SR SR AR S AR K0S i
HIA]. AR FHEIE[C]. Bl Herp BETOR 2 H Rt
1999,(11): 237—241.

JRYESE. S A D) M. AR KOR Ly R
1990. 196—199.

TR BN M E, A, MR R A Pk AT
M. b5t S5 Tl H Rk, 1983.
WV, E RIS R, A T TR R i R B R
HIM]. A5t H kL, 2002, 199—200.

PAN Yi-wen, HUANG Zeng-lin. Modeling time-dependent
behavior of rock tunnel[A]. Proceedings of Internat-ional
Symposium on Application of Computer Methods in
Rock Mechanics and Engineering[C]. Xi’an: Shaanxi
Science and Technology Press, 1993. 145—150.
J.CHEHS, NGW.E. A4 A 3eatiM]. b ERLF R
TR 2T EE. dbnt: BheaHihat, 1981

A5 TREAAR, 2002, 21(6) :787—791.

XU Wei-ya, WEL Li-de. Study on statistical constitutive
model for damage rock[J]. Chinese Journal of Rock
Mechanics and Engineering, 2002, 21 (6): 787—791.
WENG G J. The overall elastoplastic stress-strain relations
of dual-phase metals[J]. Journal of the Mechanics and
Physics of Solids,1990, 38(3): 419 —441.

Frantziskonis G., Desai C S. Constitutive model with
strain softening[J]. International Journal of Solids and
Structures, 1987, 23(6):733—768.

KREAE, KEZE, R DI Witk a2 ) -NA RS
TR IR IT[T]. A %, 2002, 23 (5): 555—
563.

ZHU Zhen-de, XHANG Ai-jun, XU Wei-yaetal. Experim
en tal research on complete stress-strain process seepage
charactenstics of brittle rock statistical constitutive model
for damage rock[J]. Rock and Soil Mechanics, 2002,
23(5): 555—563.

Mura,T. Micromichanics of Defects in Solids[M]. Martin-
us Nijhoff, Dordrecht.1982.

JAYEE. @SSR A A R EZKRK HH AR
#t, 1990.



