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Effect of Poisson’s ratio on the fracture of brittle materials under impact loading via
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Abstract :

The bond-based peridynamics has been shown to simulate the spontaneous initiation and propagation of

cracks in solid materials, but there is a limit on the fixed Poisson’ s ratio. A two-parameter bond-based PD method was

proposed, which inherits the simplicity and stability of the traditional PD and expands the range of Poisson’s ratio. The

model was verified by the quantitative calculation of static deformation and simulation of the crack propagation process

such as the Kalthoff-Winkler test under impact loading. Furthermore, the effect of Poisson’ s ratio on the fracture of

parallel double cracked plates was studied. The results show that when the impact loading is constant, increase in

Poisson’ s ratio of brittle material will result in earlier initiation of cracks, and its impact resistance is weaken. Poisson’s

ratio changes crack propagation path of the plate, which prolongs the time of fracture and reduces the penetration velocity.

When impact loading is large, Poisson’ s ratio will have significant influence on crack propagation path of the parallel

double cracks brittle material.
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m AR 6 =3 015 A, DY) B i1 1 4% 1 S it 1
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Fig. 7 Schematic map of shear boundary conditions
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Fig. 8 Relative error on u_ for TBPD method

2.2 hEREHT PO H R R E R

— O T AR B Z B T TR AR, LK
50 mm, BHHEKE 10 mm H 5K L/, WnE 9 fr
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I 5 07 24 B 83 k)/m’ . FE AR b T AR R
v(t) =50 m/sHyTL P dk. 43 HIoR i BPD B A
TBPD BRI T 5, Y i s (] BE A =0. 1 mm, ZB5f
#65=3.015A, AR 1.336 7 x10 ° 5,
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REEER
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K19 HhL BLEREHAR 1 248U A B

Fig. 9 Crack arrangement of central single crack plate

W 4 Fros, AR EEHC 173 1, TBPD 4 1 5
BPD R i M 224 23056 2R F0 530 I 220 R A5 22 e, AR
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PSS HEATXILE, W& 10 A& 11 Brs , AR5
MRS w, FIRESER O 25 LA

F4 AL v =1/3 BERE RN T E X
Tab. 4 Cracking and cut through time of plate

JAREZ/ns BUEELZ) s BEIRDIH s
BPD %7y 5.01 15.31 10.30
TBPD f& 7 5.05 15.52 10. 47

2.3 Kalthoff-Winkler i 3& B9 L& i

Kalthoff-Winkler #pifii36 ) 2% IR /N ek oy
UGG EA AU O A AR, QnE 12 iR AR 3
PR 191 GPa, Jfi 52 B 8 000 kg/m’, Ifi L 1K 24 fig
69 kJ/m’ JHFA HL 0. 25, ofridi fp 3k Ok 32 m/s, R

TBPDAE R 148, Wy i S (A B A = 1 mm, B33 4% 6 =
3.015A, IR 8.7 x 10 ™ s isfrk Aoy 2 2 it fin £ o
T UGN SE B 8 11 3 2 R s 1
T T
9.0E-004
4.5E-004

~ 0
-4.5E-004
-9.0E-004

(a) BPDF#AY (b) TBPD#%

K10 PIRPEETNAE ¢ = 13.4 s AR u, =
Fig. 10 u, of the plate at ¢t =13.4 s simulated by two models
it
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(a) BPDFRY
BT PIRMERITE ¢ = 13.4 ws B BEABBIRIE 200 HE

Fig. 11 Failure modes of the plate at ¢ =13.4 us simulated

(b) TBPDFZY

by two models

SZ bl R A 11 s B PR S, R S A
b 66°, 75 85. 4 s BF RSP R B AN %, El 13 fF
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Kalthoff 4 33645 ) 4 LU

——Js2ms

£

50 mm

w00 1
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€12 Kalthoff-Winkler jR B4 2751 %) — 2k i [
Fig. 12 Two-dimensional sketch of Kalthoff-Winkler test model
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WiZeAE 30 J/m’, PHATIHI 248 K 15 mm, 55 2.5 mm,
KT Al 450, FERPF b T 1 SR A A 1 R
1o R TBPD SBITHERES , Wt A A HE A = 1 mm, 283§
HA2 6 =3.015A B A K 5.0 x 10 s, AL AT
KR 20 kPa, 3 35 A A8 S R ) A 8, it i A 4 T v
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Fig. 13 Simulated damage path of Kalthoff-Winkler test model
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Fig. 14 The arrays of pre-existing flaws subjected to uniaxial

compressive loads
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Fig. 15 Failure patterns of Simulation of TBPD model

and experiment result
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Fig. 16 Failure patterns of Simulation of TBPD model

and experiment result
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Fig. 17 Crack arrangement of parallel double cracked plates
3.1 mE TRk 20 m/s B A AL bb X XU R AR B IR 8
=210

P 18 P, i fr 2 20 m/s fEHTE , HAT AN

THAR FERGP-4T RO GO I B IR L 25 A M [R], i IR 1t
FEARIE E BB 70 A7 P i ] I 2 228, I 7K S A —
TEMR RS, RO R A T —E MR R , e BLm
B, AH G B ey a5 5 T3 5 o X RWIAE
20 m/s il 7 ZRAS R, TR R LU A B0 X i P AR 1Y
R B JRBE AR AN K, (HXT RSy 2 B LA
BT T AT BRI - B A B R3S R, SF
Ay RS SR 2 B T 5L I 20 52 i AR B A ]
SR ZRBU i e T /I S e B 4, D 2 A7 4%
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RS IR 20 m/s REAENEMA T WRAMMKI R RIFR

Tab. 5 Crack propagation of double cracked plates with

different Poisson’s ratios at 20 m/s impact loading

gy P PROR® LB gUR Bl
WAIUS: Z0 1 Z0NNEE N E 1L .
mm (°) ps s ps (m-s7h)
0.1 10 8.2 6.46 16.55 10.09 1982
0.2 8 9.0 6.42 16.88 10.46 1912
0.25 6 9.5 6.38 17.56 11.18 1 788
1/3 3 9.7 6.31 19.50 13.19 1516

3.2 METrEL 30 m/s BT AR B X W R GUAR A R HY
A

4nlE 19 B, sl i 28 30 m/s AEHT T, B AN I
TAAR LER P47 BRSO Y Fe A E 25 S IR R 22
5o BARDOR A BRARE B SRS e A W i [7] e
B IR HE S I e A — TE A BE I i A, ELTR RA L A
0. LA, F3RBURAE RIS IR HE O 0.2 (0. 25 i,
TESEAT ZE A7 I G AL W BU™ A R0 S IR H ol 173
N, SR RIVKE 508 2 A i B A 30 5 ROl b B 22
IR, —SE LY AR, 5 T4 6

it
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0.2
0

Wit
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0
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K18 il gk 20 m/s IFANIR]TF AL FEBUREUR I BEAE 25
Fig. 18 Final failure mode of double cracked plates with
different Poisson’ s ratios at 20 m/'s impact loading
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Fig. 19 Final failure mode of double cracked plates with

different Poisson’ s ratios at 30 m/s impact loading
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3.3 METETE 40 m/s BEAAR bR R SR A IR Y
0

N 20 o, i far 204 40 m/s i, BA AR
FAFERYPA T BRSO Y e R B IRE 25 22 S BR, 3Rax
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S I A, T 2 T AR A AR O 13 I
REUKFIE 2 10 mm J5 73 3, T B 46 5 249 1
SRS R H R SRR . BeAh, R T Al b
AR LR 3E , BUR SN B 5 e L 5 v i 7
BN 20 m/s IFARTR], 5 | S A b 24 22 2 AT B P 221
FESR AU IS B TR A, 20 5 e E I

F6 PR 30 m/s FAE A B NRIIRRIY BIER

Tab. 6 Crack propagation of double cracked plates with

different Poisson’s ratios at 30 m/s impact loading

A KPR PR OER ThE R pitill

H kg g/ wzl Wz wbEs EEE/
mm (°) ps ps ps (m-s7h)

0.1 10 5.4 5.81 13.32  7.51 2 663

0.2 6 9.3 577 13.74 7.97 2509

0.25 4 1.6 5.72 14.13 8.41 2378

1/3 3 12.4 567 1533 9.66 2070

(a) v=0.1 (b) v=0.2

(d) v=1/3

(c) v=0.25

K20 philifrgk 40 m/s AN RA RS L XSCRBUR Y BRI 25
Fig. 20 Final failure mode of double cracked plates with

different Poisson’ s ratios at 40 m/s impact loading

F7T EETTE 40 m/s BARE R L MREIRH R RIFR
Tab.7 Crack propagation of double cracked plates with

different Poisson’ s ratios at 40 m/s impact loading

KFIE PR ER Bod sk Bod

LN T 1 VN 1Y VT TV ST Y
mm (*) s s ps (mes7h)
0.1 40 3.9 5.37 11.59 6.22 3215
0.2 20 5.1 5.35  12.12  6.77 2 954
0.25 10 16.6 5.33  12.18 6.82 2932

1/3 7 — 5.27 12.43 17.16 2793
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4G DI IR K, 2R o J3E R A1 s S RHA S —
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Fig. 21 Cracking moment, failure time and crack speed of plate

with different Poisson’ s ratio under impact loading
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