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Abstract: Based on the acknowledgement that the Kaiser effect is induced by the released elastic wave of crack propagation
when the far-field stress is a compressive one, the variation of the Kaiser effect with loading direction is analyzed from the
perspective of fracture mechanics. The theoretical relationship among the critical stress o, , the direction of the crack surface
£ and the friction coefficient f of the crack surface is established. The mechanism of the direction independence of the
Kaiser effect and its control parameters are revealed. The results show that the direction independence of the Kaiser effect is
affected by the relative value of the critical stress, and the control parameters include the angle between the initial loading
direction and micro-crack surface f, and the crack surface friction coefficient f . When the angle f, is larger, the relative
angle of loading deflection y is smaller to keep FR value greater than 1.1. There is greater difference between the stress
obtained after the deflection of the loading direction and the initial loading stress, and the direction independence of Kaiser
effect is more obvious. The accuracy of the initial stress measured by the Kaiser effect is related to the distribution of the initial

microcrack of the rock mass. The smaller the friction coefficient [, the larger the relative angle y required for the FR value

to be greater than 1.1, and the smaller the difference between —m————
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conclusions are consistent with the rules of the previous test results. By comparing the characteristic curves, the control

parameters are established: friction coefficient on the microcrack surface is less than 0.5, the angle between the initial loading

direction and the microcrack surface is about 30° ~40°

, which agrees well with the test conditions. They can provide

references for further studies on the mechanism of the Kaiser effect.
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Fig. 1 Mechanical analysis of compressive stress in far field
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Table 1 Calculated results of critical stress o,

B f=0.1 /=03 f =05 f=0.7 B f=0.1 /=03 f =05 f=0.7

1 32.45 32.56 32.68 32.79 40 1.25 1.53 1.98 2.78

5 6.57 6.69 6.81 6.93 41 1.25 1.54 2.02 291

10 3.36 3.49 3.62 3.77 42 1.25 1.56 2.07 3.07

15 2.32 2.46 2.61 2.78 43 1.25 1.57 2.12 3.26

25 1.55 1.72 1.92 2.19 44 1.25 1.59 2.18 3.48

26 1.51 1.68 1.90 2.18 45 1.26 1.61 2.26 3.76

27 1.47 1.65 1.87 2.17 46 1.26 1.64 2.34 4.10

28 1.44 1.62 1.86 2.17 47 1.27 1.67 2.44 4.53

29 1.41 1.60 1.84 2.18 48 1.28 1.70 2.55 5.09

30 1.39 1.58 1.83 2.19 49 1.29 1.74 2.68 5.84

31 1.36 1.56 1.83 2.21 50 1.32 1.83 3.01 8.47

32 1.34 1.55 1.83 2.23 51 1.33 1.89 3.23 11.10

33 1.32 1.54 1.83 2.27 55 1.40 2.10 4.19 26.02

34 1.31 1.53 1.84 2.31 60 1.58 2.71 9.66 -6.18

35 1.29 1.52 1.85 2.36 65 1.88 4.12 —20.86 -2.95

36 1.28 1.52 1.87 2.42 70 2.42 9.90 -4.73 -1.91

37 1.27 1.52 1.89 2.49 75 3.59 -19.33 -2.62 -1.40

38 1.26 1.52 1.91 2.57 80 7.56 -4.74 -1.80 -1.11

39 1.26 1.53 1.94 2.66 85 -48.44 -2.69 -1.38 -0.93
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Table 2 Results of tests
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8 30 190 132 335
9 30 190 135 335
10 45 190 131 321
11 45 190 126 315
12 90 190 117 326
13 90 190 131 330

I FR ERPEM Kaiser f% & N A7 )1c A2 A
J£, FRETE 0.9~1.1 Z AR/~ Kaiser fiXF#IVKN /)

efZ e, 2 FRAEKRT 1.1 J5, W Kaiser s1CL4&
ToVEAER AL TR R T

8 AL TS FR {EBE N7 M) wAH X % A v
AR A B, ST M KT 10, FR {H
WRT 1.1, UWHZ AR S Kaiser mi D& TGIE
WERf SR N TREN. 77, B Kaiser %08 AE 8¢ /Mim ¥4 1
(<10° ) VUl N, REAERICIZSIAR JJ5UE, Kaiser
RN EA ML ERRE, X5 4 Sirdsie s —8, =
fide 10° A BRI — e M m 2, % @2 fE T i
HIor R AT R

20
1.44
5 1.51
! o6 121 123 I
£10
05
0
5 10 2 ;
Fy 0 50
ﬁ%*ﬁ)ﬁfﬁg}q ) 90

8 I EREEXHES FR EXAR
Fig. 8 Relationship between relative angle of direction rotation
and FR value
4.2 RIEWHEILFILE

PRI 5 B R £ =0.5 I, 380 1) e A
fily 5 FRAER R, LTS s i 2K T 10°
Ja, BB ARIGLE BT R WMEE AR f y 5 FR 6K
RIIVIE B, AR 9 AbFE T B R EL £ 9 0.1 103
iFELE R WE 9 (@), (b), (o) 7l EE R
f90.5, 03, 0.1 B INETT MmEEAER 1 y 5 FR
ExRARRE, HoEdoyesdE, B “0.5-10° 7
TR ZEL S N 0.5 HIRINETT 7K A1 B, 10° .
AL, AHEBESERECT R FR A3 E B & Y GR N4
TSRS B RIS, R WU T4 R E0T
AR Kaiser micIZSE AR JG BN, XX} ig
F 6 ANJ7 I Kaiser s {E TSR 7 R0 & RS FE AR
IR A WER ST TR SR 5 il 32 8 7575 TR, 5
BN TR AR . W 9 (a) i “0.5-
10° 7 2k, EMET FER A AR 40° B, FR
ES AR 1.1, /e VLG A 1 S 0 8
A GEHIRTD JLT—FE, Kaiser 208 A RA
Sk, TR,

[, ARG N7 9 ff B ) FRAE, FEE
BESEZAL S o, S e DLE G 3, At
INE7 A AR Kaiser 012,56 B S 7 14 510 ek
/N, Kaiser RSN H7 A ASZ AR BANBIE , XX Kaiser
RSO BB L A PRS2 P [RDAE AN o Bt T i B
FER, Y6 AT R BTN v SRS B R T R



2278 H O+ T OB % M

2019 4F

K. wE 9 (o) Wi “0.1-10° 7 fhek, hess
FEISR] 50° Hif, FRAAZIAEEL 1.1, [FIFEEHTE
WIAR R S PUmEdE CGeliRiz)D JLF—2,
M| Kaiser RN A HA LM, THEAMEARRAL,

EH AT W, Kaiser 208 J7 [N 5 5 A A UL &5 R4 IR
AHEILMK, MRS ECVIMEMmETT kM B, (W)
RIS S5 HTA6 D0 EL 7 171 &A1) A7 7] i e A 0T
Ay FEEBERE S, o« STHE 9 HA R HRAE 28 At 5e
M 2R A A E A B, PR 2RI FR A& INE
J7 W ATy BB R, 32 I BERS &35, T
I B LR RR . FUH R, HER A b 2
SUENINET MWL I, 2 hs& I8 5 A 240 46 2T
2, FrUTER ST M mE ARy 2K, PRI R
BROUMESEHRITFINIA Z 5, HatcREaH
gUmak 3, i FR EREEIL S . xS ik
WS, WM™ S SRR R BT b
JII KRR, 2 HIRLEOHE, AT HIF AR
LN IR R S, FRAAMAA T PR #5

- RREdE —05-10°

z_-o-o.s-zoo —4-05-30° ——05-40° —»~0.5-50°

.| m
£ 2 R W7\ NS Ot 1. |

0 AN

s \W

_4 1 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50 5‘5
Jr s AR AR/ (0 )
(a) /=05

-- ERHE —03-10°
[ -e-03-20° —403-30° —03-40° -%0.3-50°

_ =_\-1.51

S N N

0 5 10 15 20 25 30 35 40 45 50 55
JrIamEE AR By ()
(b) f=03

FR
AN O N MO ®
T T 1T T

-~ RBHE —0.1-10°

2 [ —-0.1-20° —40.1-30° ——0.1-40° —0.1-50°
41
% 2r = —44—-4.;;‘-51
0 *
2k
4 I 1 I 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50 55
Jr AR /(0 )
(e) f=01
9 I SRR

Fig. 9 Comparison between test and theoretical results
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