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Abstract: Uniaxial compression experiments were carried out for brittle marble with pre-existing fissures by the
rock mechanics servo-controlled testing system. Based on the experimental results of complete deformation
curves, the effect of the geometric distribution of fissure parameters(bridge angle, fissure distance, fissure length,
fissure number and fissure angle) on the deformation and failure properties of brittle marble were analyzed.
Compared with the intact marble, the marble with pre-existing fissure takes on the localization deformation and
asymptotic failure. The peak strength, elastic modulus and peak axial strain of marble with pre-existing fissure are
all lower than that of intact marble, and the reduction extent is closely related to the distribution forms of

WS HHA: 2009 - 03 - 20; f&E B#3: 2009 - 04 - 01

HEWH. [E5 QRIS %155 H (50490273, 50709008)

1ES R X978 -), Ui, W4, 2000 4EENL T AEME T 2B IR i B, DUATEIER, FUNFE A %S TR 70 M eE 50 TAE.
E-mail: yangsqi@hotmail.com



* 2392 HA S TR 2009

pre-existing fissure. Expect for the marble sample with fissure distance equals 48 mm(the reduction amplitude of
deformation modulus is 24.8%), the marble specimen with bridge angle equals 120°(23.7%) and the marble
sample with fissure angle equals 60°(43.8%), the reduction amplitude of deformation modulus is in the range of
—3.8% to 7.8% for other marble samples with two pre-existing fissures, in which the difference is smaller. The
longer the fissure length is, the more the fissure number is and the larger the fissure angle is; the lower the peak
strength, the elastic modulus and peak axial strain are; however there are no distinct laws between the bridge
angle, fissure distance and mechanical parameters of marble sample. The failure mode of marble specimen takes
mainly on the four modes: tensile mode, compression mode, shear mode and mixed mode, which are closely
related to the geometric distributions of pre-existing fissure. The intact marble sample takes on the typically axial
splitting tensile mode. The rock samples with the shorter fissure length(16 mm) and the smaller fissure angle(30°)
take on the tensile mode, however the rock samples with the longer fissure length(24 mm) and the larger fissure
angle(60°) take on mixed mode(shear and tensile). The smaller the fissure distance is, and the more the fissure
number is, the more complexed the coalescence mode of rock samples is, which takes on mixed mode(shear,

tensile and compression).
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Fig.1 Geometry of marble specimen with pre-existing fissures
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Fig.2 Complete stress-strain curves of intact rock specimens
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Table 1 Mechanical parameters of marble specimens without
pre-existing fissures in uniaxial compression

O¢ E, Egy E1c &3¢
IMPa IGPa IGPa /10°° /10°°
83.46 35.98 20.99 3.287 3.476
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Fig.3 Complete curves of marble specimens with pre-existing
fissures of different bridge angles
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Table 2 Mechanical parameters of marble specimens with
pre-existing fissures of different bridge angles

A() O Eq Eso 513 , %E ,
/MPa /GPa /GPa /10 /10
61 50.66 27.70 20.25 2.625 4.005
(39.3) (23.0) (3.5 (20.1) (—15.2)
119 50.30 22.24 16.01 2.834 1.192
(39.7) (38.2) (23.7) (13.8) (65.7)
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fissures and different fissure distances



* 2396« A TSR 2009 4
RREMZL, R 34T AN R BRI EE ) W 8 T o0
KGRI 125
23 AR I I B W AR A K ) 2 B o S
Table 3 Mechanical parameters of marble specimens with o
pre-existing fissures of different fissure distances < 60r 2a=16mm
< 2a =20 mm
A B o, E, Eg &1e & gﬁ
2b/mm IMPa IGPa IGPa 07 07 © ol 2a=24mm
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(39.3) (23.0) (3.5) (201)  (—152)
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Fig.5 Complete curves of marble specimens with pre-existing
fissures of different fissure lengths
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Table 4 Mechanical parameters of marble specimens with
pre-existing fissures of different fissure lengths

R o, E, Eg, 1 4
2almm /MPa /GPa /GPa /1073 /1073
1 66.77 32.47 21.78 2.751 2.313

(20.0) (9.8) (—38)  (163) (33.5)

60.84 27.56 21.47 2.594 0.664
(27.1)  (234)  (—23) (2L1) (80.9)

20

50.66  27.70 20.25 2625 4.005
(393)  (23.0) (3.5) (201)  (—152)
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Fig.6 Complete curves of marble specimens with pre-existing
fissures and different fissure numbers
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Table 5 Mechanical parameters of marble specimens with
pre-existing fissures of different fissure numbers

B o, Eg Eg, & €3¢
NI% IMPa /GPa /GPa /1073 /1073
) 50.66 27.70 20.25 2.625 4.005
(39.3) (23.0) (3.5) (20.1)  (—15.2)

35.39 24.61 17.75 2.066 4,042
(57.6) (31.6) (15.4) (37.1)  (—16.3)

3

16.84 14.12 11.14 1.796 5.341
(798)  (60.8) (46.9) (454)  (—53.7)
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WAy 27.70, 24.61 F1 14.12 GPa, U5t e#t



* 2308 «

HAT D1 TR

2009 4F

[FPEREE 35.98 GPa 43l F#MIK T 23%, 31.6%F!
60.8%; TMIZBRAEH N 2, 3 F 4 I REAS TER R ))
W14 20.25, 17.75 1 11.14 GPa, Lbogs A rEfmiE
15 £ 20.99 GPa 737 FAK T 3.5%, 15.4%7%1 46.9%.
M AT 0L, BB H 2, AR R R
TN o e FE AR A ) B AR 5 R BRI H i B B
(RVRRARE Y, BT A O Ay ) A it A 2R B 4K H 1 %
SIRNER, LA R 1) AR B AL H 2 1)
TE A S A
4.5 FBR{R 3T R FASEE 4F I RO F2 M

Bl 7 25 T 2 A 1R 2416 A1 W 458 T o) R4 B
AR, 36 4y T BN IR ZL BRI A 1 W S T
EONLEEapIE S 2

100 -

80
TERBAHE

60 [

o, /MPa

40

201

£/107°
@

501

401

301

£110°°

201

101

£/107°
(b)
7 ARV RERE Ffy W £ T R B A A A i
Fig.7 Complete curves of marble specimens with pre-existing
fissures of different fissure angles
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Table 6 Mechanical parameters of marble specimens with
pre-existing fissures of different fissure angles

2 o, E, Eg, &1 Eac
Bified(°)  IMPa /GPa /GPa /103 /1078
2 57.08 30.06 20.04 2.710 4.656
(3L.6) (16.5) (4.5) (176)  (—339)

50.66 27.70 20.25 2.625 4.005

45 (393)  (23.0) (3.5) (201)  (—152)
60(1) 15.24 15.89 11.79 1.109 0.141
617 (558) (43.8) (66.3) (95.9)
60(11) 35.88 12.76 271 8.737 24.44

(57.0)  (645) (87.1)  (—165.8) (—603.1)

e (RIS AR LA 7@ 1R 1 AR - AR T AT
2S5l .

FHIE 7(a) T L, 5 AN [ 2R BRUUL £ 114D W7 452 1 ) 4
BURHA e D) T 2R % AT AT R
o AL LR TR AR B N B, IRER, 5
SERCAREAR L, AN TR 2B A 1 Ui 2 T 24 5K
PR VA TS A i A Ul 1) AR 34 ) Yl e
RO 6)o o o =60° 1 KB A FEREIN 1 IRIR
KAEE 15.24 MPa 2 J&, 7A&#heJilad %4 o,
[IEL R RS IAE ey = 7 LTIV
FHAREEALZ T L TE, ANk BT BRI A R Rk 2 b
MO I A7, DRI PR A8 25 A s A £
(12.76 GPa) W] AR T4 1 Y0 2 e () o 1 A8 o
15.89 GPa, {HEIR]ASZE Efln B (5 2 IRIE(E
5% 4 35.88 MPa). it B I i G 11 Ji PR 2 B il
TR R 2 Rt miE 7)WL,
AN ) 2R BT A4 £ BT 25 o ) SR B R B (R B 1) A TR A,
SR A B A R R R AE

B 6 AL, ZRBETH 4 30°, 45°H1 60° 1+
PEIEAG 587 ) 4 57.08, 50.66 il 35.88 MPa(LA I
Wb P B KABL W E), LS8 A FE R 5R S 83.46
MPa 73 5 [ T 31.6%, 39.3%41 57.0%. 1R %K,
A 2R BRI PRI, R DR e P S YR N i e
Z4BI AR N 30°, 45°F1 60° KA RESRMERTE > )k
30.06, 27.70 A1 15.89 GPa(LA | AL ) - AR ihk
HHE), PLSEREE R AR i 35.98 GPa 43 il B AIG
T 16.5%. 23.0%Fl 55.8%; XM RIS, S5
SERCLRE (R TR 20.99 GPa)AHEL, 24K A
60° I A FERRIRELR, 2000 43.8%, (HALRREfH
30°F1 45° R AR TR PRI RIS, A5k 4.5%
1 3.5%. FHIETT UL, BEAG LA S, AR



o284 41210 Wy2krr, A WS R BRIE I CBE A TR BOA R M B S 4 i i 7T

* 2399 «

PR S T, (HARTE R R = B . b
R 11K, 2 RE VBl 1m) B AR 5 B 1) AR (LA
| Acb Py DA I8 AR Ay 1) 1) S22 g/ N 34

ELNE, SoeERHUA ML, AL T 2L
KA AT I R ST AR R A, L0 {5
PR AR A DL WA 2l 1) N AR SR O A, LR
IR S TR R S A B N VI OG HARTE
PR BRI EE 48 mm(FFIE 24.8%) & 1195 HF
i £ (B 23.7%) LA S 7% 60° S4B 1 (i 43.8%)
FEERELLAL, HAth s 2 4TI 4R S FE (0 AR T AT
BlE 15k —3.8%~7.8%, 758/, TJ LAFRAE W 4L
TR ARG (AR TE AR . PR T 2
BRUE H Bk 2 DL R AR A o, LU . B
PR DA WA 2 i A8 ARG s 1 25 MR A e 4R
(i) PE R ) 2 S0 T A AN I

W7 2 T 2L B A FEAE 52 ) g B AR T AT LUA A Ky
WIRSBYBE: (1) MBURER B AR AT
RIS, FLBR L LA ST B ASAT 4453 4% Hh B A
A5 (2) BAMHEATERY B Ny - AR 2k 5N 2
MR, AR A7 IR AT 2405 e 25 L LI 4]
AR RTRER R (3) TR RITBALI BL: A FE
Hh TR BRI S e A RN S e, Bl AT
#ahn, SRR R (4) RARRALR B
ANEOR BRIV SR, RGOy AT,
[ B ARG AR Ry, 3 S 8Os R
(AR (B) BRARTRBEMIBL: HAERKEE A
LI 2 1] [ JBE 5 R A 2 ) g

B T EERE R R, B 3~T ER ] Y.
A — A ) AR AR R R R R R I BEAS S
AT 455 T ) L 80 A (1R A i) 12 A 2l 1) 7 AR 39 in 39K
B LAAH ] E A 250 k(k = 6.0)386 0, X 32 i T-70
EANC SR EL E A FNL = - YIb 2 05 TR INYAB
T TRl ol A AR (R A A B 4 2 B AR A £ o [t
I 2EHEE 5 TR I LA 23 A K RA K.

5 REEHEUWRBEEN

PG 5 AR LA 2 A P Wi S T 2R B K
BRSO BE R 8 FstA. WK 8(a) T AT
Hy ARSI B T KB A B4 4 b i 1) B5 24
WIRIEI, BATELF GRS AL, S BLH SR dr

L IEAS
5.1 FHFAKAEE W RBEN

IR A R 22 0 B I A e ] 8(b),
©FT7R. EHMFHIf N 61° A & IR N
P By TTWAR S, RSO AR B A T 2B N 5 00
B PR AR Y g FE R X, ZG0d RE X 380 A T R4 Bt
OM@z 0], FHELTHET h He L a B b B 55
4 e FI—SeRARL A BB o 119° 7 A 5
LIRS B ORI, RGUR UG E A I
SRR R P Ty, 0T R X A TR SR DA
@), LGB TN ARG b Al e RIGHRL a
FI—2e R =24 ar, HULAT L, AFFBf e/ T 90°
I oy AR R B BB, MR KT 90° I B kA dr
B AR
5.2 ZRiEEM XL REEN Z M

S48 ) FE OO R 2 W D A S i 1] 8(b),
(d)y~@OFw, HERTIL, REREFE Y 48 mm 5 A
I A B RO B PE A, R0 ek
TR ZEABRO M 4 BT, ZL LT )Tk 5544
a JaREl b, R THEAEN R B EE Y
33 mm [RS8 B A, 2
LR AR T A TR 2R BT P 358 T AU PR A . ) 4
X, A X O TR RO W, A
SURNG T A He 480 a A b BEJGZALL ¢ Fl—2e kA5
gr; FARREIEE A 24 mm AR AR N fr B
TOEAE, RG0E e T I RO @R A
T, ETREEREBRQOM AR T ™A 2 4 FRL(hr
FLGURBY L), T AE TR BR@ I P 5 00 7= A 1
ZEAERRLG, HETBIT N AL a B b B
G e, MTFEENHEG a MY RMEAERHL b
R AT, 2 45 FRGUHIL & FECA PR R
TR LKA R > 20 mm (R 2 REf 2 R RN S TR
P BY TR A BRI, G S A T T AR
BROFI M) N i, 2G0T I8 4 56 R S a A
b MGG ¢, [FIRAERES — SR AR R (R By 3
GURR G- E Ry e o 25 LRTIR, Hax P Ff
AN 7 S4B ] FE 15 A T B Sl A A
HEAKI 5, ZLBRAIPE )N, A SR
I BB R RS BRI (HFRTE I,
ZARNA] Ak 33 A1 20 mm (1) 2 AN A FELE 1 A4 L0
AR R R, I T A IR AR, IRE



* 2400 » HA S TR 2009 4E

) (h)

(0)] (k) [0}
B8 S ANIR]LART 5 A7 10 T S5 90 1 S I e A 2 9 s 4 A o 122

Fig.8 Uniaxial compression failure mode of brittle marble with pre-existing fissures of different geometric distributions®*?
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