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Experimental study of instability destruction and crack propagation
characteristics of slab failure model specimen
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Abstract: A large number of rockburst cases happened in deep tunnels of Jinping Il hydropower station revealed that the slab failure
of surrounding rock has a strong relationship with rockburst. Model specimens that meet the architectural feature of slab failure are
made by using high-strength gypsum. Instability destruction process, strength and deformation characteristics, crack propagation
signature of model specimens are researched under the condition of one lateral side restraint uniaxial loading mode. The results show
that (1) the instability destruction process of the slab model specimens shows the characteristics of strain rockburst. A typical failure
process can be described as follows: initiation and propagation of extension crack from the tip of pre-existing fissure, splitting into
slabs, flexure deformation of slabs, buckling of slabs and ejection of slices. (2) The peak strength, elastic modulus of model
specimens containing one, two and three pre-existing fissures show a steady decline law, but the peak axial strain decreases and then
increases. (3) The emergence of extension crack will result in: a sudden change of the lateral strain near the tip of adjacent fissures
and a significant increase in the amount and the rate of lateral deformation of the specimens. (4) Due to the affect of the free surface,
extension crack will enter into unstable propagation stage in a short time after its initiation from the tip of pre-existing fissure that
near the free surface of specimens and this will lead to the overall instability of the model specimen. At last, acoustic emission
characteristics of specimen in the overall stage of compression deformation are analyzed. The research results are of important
significance for the reveal of the instability destruction law of slabbing surrounding rock and the rockburst formation mechanism of
deep tunnel in hard rock.
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Fig.1 Slabbing failure phenomenon of surrounding rock in
Jinping I hydropower station
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Fig.2 Structural feature of slabbing surrounding rock
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specimens (unit: mm)
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Fig.5 Load mode of model specimens
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Table 1 Physico-mechanical parameters of model specimens
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Fig.6 Curves of stress-strain- acoustic emission hit
frequency of cylindrical specimens
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Fig.7 Typical failure mode of cylindrical specimens
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(a) WFf 0-1
K9 SERGAABIMER

Fig.9 Failure modes of intact model specimens
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Fig.10 Load-deformation curves of model containing
one-three pre-existing fissures

B 11312 D S AN R T B AR R R 42 B ) 2
SHCPYMEG . PRI V(R R L UG
BN AR SRR A ) 2 SO R T AN IR
oM. BHAE TR PR H 3G 22, B VA (T i R
PER RS AR TR, Tl ) B AR A
5 B R ETHRAR G BARORE, eI
IRFEIE (B0 4 39.41 MPa, T 14 24, 3%
Tkl 24 B AR IR A 4 ) 4 32,814 29.91. 28.04 MPa,
AR R 73 0 R B T 16.74%. 24.12%. 28.84%; 58
WA GARE PR 11.81 GPa, T8 1 4. 2
25~ 3 AR I BB AR 43 710 10.29. 9.12. 8.81



6 EE R

2 2015 4F

GPa, FfPEBIE 737 NFET 10.05%. 20.28%-
22.99%; SERETCRL AL IR il n A2 4 0.004 2,
M 1 4. 2 45 3 4TI 4B A 23 3l Ay
0.003 3. 0.003 4. 0.004 8.

50 116

40 VA 5 3
= [ / 112
[ <
=30t G
i =
=2 g I
e &
s 20 BB =
£ B

4
10f
0 0
0 1 2 3

T H /%%

B PR E SRR . IERERR
Fig.11 Relationships between peak strength, elastic
modulus and number of pre-existing fissures

0.006

0.004 F
i
2 5
a

0 1 2 3
T H /4%

B 12 RS H SR ENE SRR
Fig.12 Relationship between peak strain and
number of pre-existing fissures

4.2 AR ROy RAE
421 F 1 AT R BRI AR IR I e G

JEFHIE

BI13 00 14 TRIAREBRBE A GRARE 1-1) AR
MU, 85 G A 3 ih 4 (ALIE 10(a)),
IRFER NI R E R R i R4 8 E T
L IA ] 80.25 kN i, FAHIZLER 1 . N
PEAEBR RIS 1a R 16 (1b P TIRFEIS 1D, Ziar
la F1 156 HITE 3 BORPEN 7132 T 7= AR SR (1) 14 K
(LK 10 a 50, G Egifr 8E R4
la AU 1b A EH AREE B Rl y g, JFRHR
FERTE B T MBS Rk, Ay 480 (E e bl A 2R AL
(R4 PR SIS K 9 R A 2 B s T R0 Bl i o I 5

(WK 13(b)), ZJEAE AT T 1R ) A2
FEAETORAR, AR ST (LB 13(c)) BT
TR AR SRR, TR R ICA F RVE IR 1 R A .
IRFE R A INEA LA 13(d).
422 5 2 FPUHIREBRA A A R I R AR A

JEFHIE

Bl 14 75 2 S PR GIRRE 2-1D iR
MR R g5 A IR ih g CILIE 10(b)),
AL IR R T AR N M R A 4 IA 2 33.33
KN I}, PG TRIZERR 2 by R AR LR AR
TIKPIZL 2a A1 2b, BRI TARAE B BRI R
T ) 2 T 7= A ORI AR () 35 (&L 10(b) T a £ BT
TN, RG220 P20 UG HTE S H T ke E,
T ARRE U] 1) 728 T T Al 0 0 s 2 e i Ay 2 1 4k
SRR AR 78.52 kN I, fEFURIZEBR 1 L. Fui=4
TKPE 1a T b (b A TFARFEETH, Kl 14(b)F
AR, HEREARATEIETE 2 76.35 kKN (8] 10(b)
b RO UATEEARSEN K R I T 83.8 kKN A&
iy, G 1a R b [RERY R T80T far B R
Pk A 67.68 kKN (LK 10(b)F ¢ £, )5
FEAENIERE ETRIN, Sk L 1a AT 16 YRR TE KT
B A KRS A P IS (LK 14(c)),
[ AE A R Hr T A, B 14(c)FIE] 14(d)
FT b A (A ME AT DU 5 Y, AR R 4T T R
(2 S sk e, Tkl 10(b) il A T 1N (40
TERRETARIE ), A2t T ) AR AR SR 88 S fEA N 5
BLap s s ite b i A s Bl il AR TR I — 2D 4
I, AETRHIZRERR 2 EORu I I T IR AL R B R4
2¢ (ILE 14(d)), 40 2c P R E 5B H T M2
30° JAALEY R, FEEAE T RITEILS, MR
T TR
423 5 3 ST A AR I N I R AR A

JEFHIE

Bl 15 5 3 4T ZRB i 8y AR 3-1) AR
SRR o 85 A I 3R ih 2 CILIE 10(c)),
TR IR R 0 EARRAE O < 2 F 4 for B IA ) 53.47
KN I, FROBIZLRR 3 (19 by N2 ) LT[Rl =2k 5Kk
2447 3a F1 36 (ML 15(a)), FK$Z440 3a F1 3b (1K)
FEAE S EOAFEN M AR TR SRR (LB 12 g
R AT A A A W BT B T4 (T 8 [ 4k
SRR, EUE(EBRIE 2 A2y 72.8 KN 24y (UL 12
Wb D, TR 1 B 2k RS 1a, IF:
PTG B #IEILS (L 15(b)); 24 R4 3%
HYkLE FTF R TR, 2400 1 R i B by 3
40 1b, BENZLL 1a K116 Y JE, M HREL 1a



B2 JA R BRI AR S SR B R AL (KRB0 5T 7

FU1b BEZUE U AR AL T, T RCE Il R, TIRIZLER 2 g T = AL ik b 44 2a Fi 2b, %
% (W 15(c), RFEMERMEREE S 4141 Q0 2a 126 (A9, SEUTE(E M 45.07 kKN 4k
KN, RFEN 7] A5 56 H1-0.046 mm 4% 4—0.18 mm, W, 205, (ETURIZARE 3 [ e A vk AR TR BB AL 3¢
ZJG XAFE A 0.36 mmo K T [ 4 B8 A KRR UL 15(d)), JEBTZLL 3¢ R 3 1A abRE i 3
Ui BN AR 2 S TR BT T A A e, AN RIS, e
—UWIE )G, NRGH A 4507 kN, fEREX—id  mrdE Rl TRe .

(@) KL (b) EHUEHT #F (©) Hi I (A) SRAWI
B 13 & 1 ATHIRBE AR 1-1 AR R

Fig.13 Typical failure process of model specimen 1-1 containing one pre-existing fissure

(@) kML (b) Hi Ik L2 (o) HBRIEHT. s (A) SRAWIA
B 14 5 2 R TUHIZB AR 2-1 AR AR

Fig.14 Typical failure process of model specimen 2-1 containing two pre-existing fissures
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