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Application of Numerical Manifold Displacement Method in
Crack Propagation of Rock Mass
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Abstract: Based on the finite element triangle mesh, the changing of manifold elements in crack
propagation process was studied in depth, and the continuous and discontinuous unified processing
of the numerical manifold method are interpreted from the perspective of geometric mesh. The
first-order coverage function was used to derive the weight function expression of numerical
manifold algorithm, so that the local displacement function can be established. Through the
numerical manifold calculation program, the crack tip displacement was obtained, and the tip
stress intensity factor was calculated and verified by the classical cracked plate model. The
numerical result is in good agreement with the analytical solution, which proves the numerical
manifold method is accuracy and can be used as a new numerical solution for solving the tip stress
intensity factor in the crack propagation process.

Key words: crack propagation; geometric mesh; local displacement function; intensity factor;
numerical manifold displacement method

A R TGS R S5 R T A AR I A
SR TR OL T, AR A 5 1 A My ThT 3™ g
TFEE, I K A S5 A T, ik — 2D VTR A i
B R AR S A 120 A Oy 3 20 B A 1 22 1)
AETRREIR T TR 2t IR I S B 5y
B, (9 AT FROTAE X R4 Y JR [m) R o3 Ar i), 5
SENWTHURT RS A ATAL B T AR 2. 0 T RERS
Gt — SR SE AR E SR L R, Shil? ~ H T T
VU 5k  MBC - s Y A S

KF B, 2017 -12 -25

i ARG FICRAR AL E SRS PR, 257
37 o RIGE A A b B0 I SR i R R g e
Il P AP AR 2 2738 0 UL (S R ik BAH SRR Iy AN
W RICHE | R R 1 T 2 R A T B A LA
e REEY A A S ST .

ASCH BRI 7 ik B s R W i e 5
IR (A% PR, TR AR RIm LR | 455 RIS B
YR gt 07 75 BE DR, 52 IR LA D)™ A1 40 R ALE.

HETH: EE AR %L R E (51474050,U1602232) ; Hi K ERG SH AR B K &S LB R0 H
(SKLGP2014KO011) ; 1L 744 w4524 B 75 A A SRR R155 H (LN2014006) .
EHER . TR (1969 — ) B ITIHREEM A AL KA 804% | 1A S,



% 4

R RN o R 553

1 REER R R A

R AR B9 05 0 A R i A 4
| B SCIRI R 2 AT WA A o3 i S S R
GO FEBEY SRS R oh B AR R AN
BEY AW 20 K07 W RS, DT AN TR BGHT 1
FRIURS 5 AR SR = 0 B RS 1 R
B N AT T B REBEA TS . Sk
PR R RIE ROTR AL LR 1.

(a) 1) (b) 1(7,)

4V, 5V 6V 4V 5V 67y

© 1(7) @ 1)

27) / AL\ 3(7)

4r) 5V 6Ky 4v) (v 6(ry

E1 REFRERIBPREETHEN
Fig. 1 Changing of manifold units during crack
propagation
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Fig. 2 Finite central crack model and crack tip
coordinate system
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Table 1 Table of coordinates and displacement
y J7 TR LR/ m
B AR W A
o=1MN/m o=2MN/m
(3.5,5)  (6.10,0.96) 0.000801  0.001 601
(3.6,5) (6.16,0.94)  0.000 801 0. 001 601
(3.7,5)  (6.19,0.93) 0.000806  0.001 609
(3.8,5)  (6.28,0.92) 0.000806  0.001 609
(3.9,5) (6.34,0.90) 0.000 805 0. 001 609
(4.0,5)  (6.40,0.89) 0.000805  0.001 609
(4.1,5)  (6.46,0.88) 0.000806  0.001 609
(4.2,5) (6.52,0.87) 0.000 805 0. 001 608
(4.3,5)  (6.59,0.86) 0.000832  0.001 661
(4.4,5)  (6.66,0.84) 0.000832  0.001 661
(4.5,5) (6.72,0.83) 0.000 832 0. 001 661
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Table 2 Variation of stress intensity factor of 1
crack with crack width(o =2 MN/m)

L% AN it AT A% w2
m MPa-m'? MPa-m'"”? %
0.5 2.7249 2.5504 6. 84
0.6 2.899 4 2.8156 2.97
0.7 3.0893 3.069 5 0. 64
0.8 3.296 4 3.3173 0.63
0.9 3.5230 3.5627 0.39
1.0 3.77117 3.8093 1. 11
1.1 4.0456 4.059 8 0.35
1.2 4.348 4 4.3173 0.72
1.3 4.684 6 4.584 8 2.17
1.4 5.0597 4.8655 3.99
1.5 5.4804 5.1630 6. 14
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Fig. 4 Diagram of central crack propagation
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Table 3 Variation of stress intensity factor of 1 crack
with tensile load

LS B % BT % R
MN-m~' MPa-m'”? MPa-m'”? %
0.5 0.9523 0.9523 0.00
1.0 1.8976 1.904 6 0.37
1.5 2.8452 2.8569 0.41
2.0 3.792 8 3.809 3 0.43
2.5 4.740 4 4.7615 0.44

BEXFIR 22 /0 A 46 SR, B A kG B &8 12, [
IR R AT AR E 5 MN/m, 155 [&] 5 /R A 45
AR UG 4 vy R IR G
Xof GLE I A SR AR e RSP 38 A T4 .

5 AMRETRARTEE
Fig. 5 Diagram of crack propagation on the right
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