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Fig. 1. Schematic diagram of cluster defect degree for one-
dimensional fiber bundle model. The Cartesian coordinate
system is established with defect center as its coordinate

Zero.
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Fig. 2. Schematic diagram of the clustered defect model of
the one-dimensional fiber bundle model, which contains
3 defects, both the defect and the fiber bundle adopt peri-

odic boundary conditions.
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Fig. 3. Constitutive curves of the system under different
number of defects a, o varies from 50 to 3200. In the figure,

€ represents strain and o represents stress.
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Fig. 4. Relationship between critical stress and the number
of defects a. In the inset, the relationship between critical
stress and the number of defects a with 8 = 40 is shown, at

this time, the critical stress changes linearly with a.
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Fig. 5. The maximum avalanche size (Am) and the step
number of load increase (step) vary with the number of de-
fects. The maximum avalanche size and the step number of

load increase reach the extreme value at o = 400.
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Fig. 7. The avalanche size distribution under different values
of the number of defects a.
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number and size of defects, where the number of defects
varies from 50 to 1200 and the size of defects varies from
20 to 180.

204602-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021) 204602

RSN EP N i35 RPN SN NI R
2 T3 AEACAR DR, FUA 2 ki RSE sl 21 R g /N
Xl SR T B SEE A LU0, [RIN, AR RS
BN R AN BORH I SN A RS, A
RIS HOR HL B R I R RO
GRS A HO A 3. AR LB e T
R BBt RO AR AR W R i P R MR B X b
W42 ) 2R 0 Hh i A RS A TR ML A, A BEGE
A GENLAR TR i S T AR AR E

5 Bkt I T A At a2
SE2

N T 53 B AR Bl B P AN [ £ 24 e s 2 52
(12 18] 3 A Xk 2 R AR B 2 B A B2, 6T o
FELNE K ZR 2R, 5 AN [R) 21 2 SR e 72 J5E i
23 (8] AR5 B A1 R R R i g PR 0 A I 3. P A
JEE Wit 22 (o) (o B 00 A 15 R A, 285 4 R 2
7R OANBREE DI IRTHER) £F YRR R B ERR

v =1 - (Ci—a))]; (7)
Horb O FoRE i DRI RO AP R BRIE TR L, 2 3%
RIS AR YRR BRI B, i = G
T AR B AR B 0 A RO 2T B B R FE AT I 2 R
R B R RE A1 14 B 2T A W 2R B (B 2

I 7 SR RO BRRIBR B B 175 0 T, R
o JBE 2 (W) 3 D 7 370 Tl R 2 | i ORI R S ek K
I, i 507 B PO SR B AR R AR R AN A 12 fir
NN S e 115375 = i N R A CE S R
Y ARG AN T by | W i N =8 N i e
R RE 2 [l R, I S0 ) B O R
FEHRRAT ZEAL A A A LA . (B 225 1) sl 5 R A
S0 pRBSOR B 50 o R A TR i B 17 ) ) A2 A il £
AR, WA AE AR — 2, BRI 50
bARIERUNAEL 22 R i (Y W PO REES 4 & =R W 1) B
(R I NAESTE N P72 NI )7 W B LS (113
TR i SR B O R A R RE B D/ N
H AR AR A e, 25 R v ) I R B A AN
I, BRIV i SR RSP AR R AN 2] R ST A
F IR SR LA B A R i RS
BN RRE O B E TR R OC R . sl 13
JIR, e R i RS A o e R 1 i 2 T i
ZIN, T B AN AL KU TE S AR B 3 I b Hp s

BRIAFRIE, Wi B rh Y S B0 28D B i, SiE 22
T W AR )RR T AR RN R 67 480 2K
2 [5] e RE AR W SR8 10 £ A MR, il 35 9 ST ok
ANT RN R RS RO AR /N T, U R G A4 1B
SUHREAANAEZE . A = Fp s (A iy 20T, ek
T RS R 8N 8 B B A v R o R ) D
ANZEHT R BRGNS, B o P Sl R B A
% /INE 2R GE A2 BB R IRAR /. O BRI R RE AR
B RO Z A1 SR B AL G 2, AL, oLk
TR JEE RIS L BROXT W 284 Jo B A AL ) 52 )

0.10

0.09

0.08

0.07

0.06

0.05

Linear
0.04 + —8— Exponent
—=— Constant

0.03 L . . . . . .
200 300 400 500 600 700 800

~

12 e E s 1) 3 s 07 2040 0l g R AL L A B R
PRSI 00 B4 v TR o AR R X I B 0 B s L B A A
47 800, HltpE R R 150

Fig. 12. The influence of the degree of central defect on the
critical stress when the spatial attenuation modes of the de-
fect degree are linear, exponential and constant functions.
The number of defects is 800, and the maximum defect size
is 150.
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Fig. 13. The maximum avalanche size and the step number
of load increase vary with the degree of the central defect
when the spatial attenuation modes of the defect degree are
linear, exponential and constant functions. The number of

defects is 800, and the maximum defect size is 150.
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Abstract

Defects that exist inside composites have an important effect on the tensile fracture properties of
composites. The fiber bundle model is a theoretical model commonly used to study the tensile fracture
properties of disorder materials. Existing work on fiber bundle models with single fiber defects shows that after
single fiber defects are introduced into the fiber bundle model, the defects have a significant effect on the tensile
fracture properties of the model. Since there are more complex microscopic defect structures in actual materials,
such as voids, gaps, impurities, dislocations, micro-cracks, etc, it is necessary to build a multi-size defect model.
In order to study the defects of different sizes and damage degrees existing in actual materials, the spatial size
of the defect, the degree of defect and the distribution of fiber damage levels within the defect and other
influencing factors are introduced to construct an extended fiber bundle model with cluster shaped defects. For
the model, it is first assumed that the degree of defect of the fiber inside each cluster decays linearly from the
center to the outside in two spatial attenuation forms: exponential decay and constant degree of defect. In the
fiber bundle model of this cluster-shaped defect, the two most important factors are the number of defects «
and the upper limit of defect size 8. The numerical simulation method is used to analyze the influence of the
number of defects, the upper limit of defect size, and spatial distribution of degree of defective fibers inside
defect on the macroscopic mechanical properties and statistical properties of fracture when the model is
subjected to quasi-static load borne under the nearest neighbor stress redistribution. Through the simulation
analysis, it is found that owing to the overlapping competition mechanism of the defect spatial distribution,
when the upper limit § of the defect size is large, the influence of the number of defects on the system load
capacity trends to saturation. Since the defect degree of the defect center fiber is proportional to the defect size,
with the upper limit § of the defect size increasing, its influence on the load capacity of the model becomes
more and more significant. When large size defects exist, even if the number of defects is small, the load bearing
performance of the material will be significantly reduced. The spatial distribution function of the damage degree
of fiber inside the defect has no substantial influence on the above rules, and only changes the specific value of
each fracture property. The simulation analysis results in this paper have certain theoretical significance in

improving the mechanical properties of composite materials.
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