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Abstract: To investigate the reinforcement effects of specimens containing a single fissure, a digital image correlation (DIC)
method and a discrete element method (DEM) which can be written in house are employed to compare the results of
unreinforced and reinforced specimens. The crack initiation and propagation in two types of specimens (unreinforced and
reinforced specimens) are quantitatively analyzed at the mesoscopic level. The displacement fields, strain fields and crack open
displacements (COD) obtained by DIC and the crack number, distribution and propagation orientation obtained by DEM are

compared. The results show that the DIC method can be used to conduct non-contact nondestructive measurements of rock

it

illustrated in quantity since the concentration of strain nucleation is acquired at the cross of rock bolt and pre-fissure. The
reinforcement can change the type of cracks and the orientation of the main fracture.

mass precisely and monitor the internal hidden process like anchorage behavior. The reinforcement effects of specimens are
Key words: digital image correlation; discrete fracture network; crack propagation; strain field; crack open displacement
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Fig. 1 Principle of DIC method
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W TAFAE LR AN s, 1T HLAE R UG AR ST
RSB, InEET A R R S AR T ek A AR
e, BRI, 2500 TN A A B BEE — A S HE L,
KA SR, TR, @ TEY
EAHSCHEN] (ZNCC), % 318 A #E 4k J7 2 E )

(ZNCCD) HURELT ZEHEN] (PSSDyp) -
FEMEAHRHAEN (ZNCC) A=A

> fixy) g ()
\/Zf(x’y)i2 'Zgi(x',y'f

K, fi=f-F> &=g -8, [ AmEBHTERIKF
BIERRKL, g ANEUS BRI T S R

e T B RS 2 S RI TE 2 BE F  H bR v A Ty 22
HEN (ZNCCD) IARH

co iy &) |
e EZJZZuJY Sg .y
A 2507 ZHEN (PSSD,,) AN
Copspar = Z(af;'(x’y) +b— gi(x"y,))2 ’
X, B TR R o M5EEAR N R
H b MR AR E T A 0
AL ) BT B AH 5 7 VA8 IS AR N T
B (ILS) &k, AT NETH Cpee MIEIEA

“4)

ZNCC T

2




%7

PR, 5. T By BRSSO v 5300 9 I A o OB 7 1227

e 5 —EG FEP MR ER L. Hik, KEX
B (ROD (WA A B AT i, 38 3k o 57 A% A 43 B
A R4S ROI H [ AR SRS 4
1.2 RHEHERIR

(D RFEHIE

R EE S U IR PN S E X ASE VRS NS
3, AR SR F i 0 B R YD A R ISR A M R AR R
i, Y LA BRIRES © K=3.0:1.0: 0.7 : 0.43,
B TUE 2B LA AT B 1 1 52 R R 36 S 40U
* 1,

3 HHERSE

Fig. 3 Sketches of specimen
x1 TEAHNRESH

Table 1 Experimental parameters of intact specimen
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Table 2 Mechanical behaviour of POMB used in specimens
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Fig. 5 Schematic diagram of equipment for DIC
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Fig. 8 Distribution of vertical strain fields in ROI of unreinforced specimens
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Fig. 9 Distribution of vertical strain fields in ROI of reinforced specimens
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Fig. 10 Calculated results of COD of two specimens
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Table 3 Micro-parameters used for intact specimen after

calibration
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Table 4 Micro-parameters used for fissure after calibration
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Fig. 12 Number of different cracks of unreinforced specimens

600 - i
5001 — g Bf?
o 400 —B?ﬁ]ggﬂﬁ:ﬁﬁi ¥
& L '
%; 300 .
2001 shBlaBE3 |
100 -
0 05 10 15 20 25

A 25104
& 13 HESRFIEMARKRYE

Fig. 13 Number of different cracks of reinforced specimens

K 14, 15 R ulREAE AR T RIS R e,
ARSI 12, 13 HAERT R, AR RN,
ORIV, SENTHERE, KON,
HIP 14 AIJL, RS AGERE (N AJEME 57%.,
mA-D BUTBIUIRE, B R R A T TR
B RA BN 78% (5l 4-3), RN A IR E
Wt e R Ak 2 e e A A 2 FR OB G, Sk
I (R 4-6), RFERE AR LI R R 5 3 BT 1)
Bk,



7

PO, &%, Ty PGS BUE TS0 B A NI 7E 1231

A-1 A-2

14 REEERFRYY RiIE

Fig. 14 Crack propagation process of unreinforced specimens
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Fig. 15 Crack propagation process of reinforced specimens
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Fig. 16 Micro-crack orientation of two specimens
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