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Table 1 Plane strain fracture toughness of four kinds of PBX

Notch length Diameter Thickness Fracture load Critical failure load Fracture toughness
a/ (mm) D/(mm) B/(mm) Do/ (ND pa/(ND Kic/(MPa » m"?)
4.9 20 9 119. 58 113. 89 0. 49
5.0 20 9 116. 27 110. 73 0. 50
5.0 20 9 122.18 116. 36 0.52
5.1 20 9 107. 55 102. 43 0.48
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Fig. 5 Strain field distribution in horizontal direction at two load steps
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6 R B B % R %25 &

8 Al AN AT p =150 N I 78 FUiil 2R 50 2 i B A 1oz A8 25 (EL 2 oA B ol i 4 L KN 22 (H 2
0. 015, T 228 B 2 S 149 DX 358 25 10 2 2 A1 05 O o 0 P 0 S RS 30 949 17 720 B B AR . I 3 28 A B9 384 I Cp =
250 N Al p=400 N ) . 402 DX 3 1) 107 728 (B AN Wy 384 DK 0 72 4 v s 10 37 0 80 SR80 1) 7 1) o8 I v 4
LU v Gl DX S8 PR A8 003 g B AR R A 2 B . DAL A P s T 00 55 0 SR S0 R A 1 )
Hh e 2 A UL SREL I 7 1) AR B R OR

WEFE R W L I R EOT iR I R [ B 58 S5 TN 1
i S5 B/ T A S F) 1P 70 B e ) i 5L, 7 A ) )
Wi (B A T o 55 T Ak 4 28 80 o T 0 v 1 L 119
P S B T SR AR A, 5 BT AR A AE Y
% T LA 25 ol B — 0, T 4 R B 2 ) SR TR 19 ) A 1R
fiE [ ROCREUR B i B e o iR 4T TR 4
S 8 A S O S R B L AR A 4 s A Y AL
B[R] IR 7 A 22 2% TR B T EL R B 80T A ORI
B AR OE B, A — YR B MR OR
Ko R sy SR AR 1. NI 9 R AT
L RS 2 JESURE AP T g R BUE K
B RSB IR BRI Ty i 45 Ak T AR R
2r 3 R ERE AR R SE R BIR . NI 9 ik T LR B, 2 SUR T A BURL Y 10 57 32
PIEHY AR R AR b AT LS B RAIURE %2 A= 2 DB 2R CIn ] v JB0RE = A7 FUBORE “ B BT 7% ) {ELIX b B 42 2
DR,

5 4 &

TEBLTF - 58 5 757 oy 52 560 ) il - A ST 1 e SR R 4 K 2 S T AR T 2R P v A O ik L O X
PBX #RH T35 VEREHEAT T0FA . 4 T PBX AT R PE . AR T A K [0 5 25 i 52 6 55 07 B
FARTTIE M ES G AR Z LR E B2 (5 SR PBX B 7 A 85 IR o At v 4 R 10 B2 A2 S5 iR AT 1 20 s 91 AL
TREOR BT BN S T7 1 A L B AR 25 5 S B 1 % PBX R R DX 00 22 7 69 000 i A 40 LR |
B8 T PBX MBI EAL R . SCIR 2 R AR W RO HOREAR G T 35 T T AT 58 PBX M REE AL AL JE
BRI BB A R

Fig. 9 Microstructure of typical post

failure route in PBX

TR b TR 2 T/ G I 4 X S TR BT PR AR A S B .
References:

[1] Wang H W,Kang Y L,Xie H P. Advance in Digital Speckle Correlation Method and Its Application [ J]. Advances
in Mechanics,2005,35(2) :195-203. (in Chinese)
FRSC, IO AN B BB AR T i 5 RIS kR [T, 02 %, 2005, 35(2) :195-203.

[2] Xie H M,Shi H,Chen P W,et al. An Experimental Study on Creep Behavior of PBX Using Moiré Interferometry
[J]. Journal of Experimental Mechanics,2005,20(3) :375-380. (in Chinese)
WL WL BRI TT 45, PBX MRMG AS PR BE 1 = BT ¥k S g i 58 [J]. 5538 J1 4. 2005,20(3) : 375-380.

[3] LiuZ W,Xie HM,Li K X,et al. Fracture Behavior of PBX Simulant Subject to Combined Thermal and Mechanical
Loads []J]. Polymer Testing,2009,28:627-635.

[4] Chen P W,Xie H M, Huang F L, et al. Deformation and Failure of Polymer Bonded Explosives under Diametric
Compression Test [J]. Polymer Testing,2006,25:333-341,

[5] LiM,Zhang Y,Li ] M,et al. Experimental Investigation to the Damage Localization of PBX Mechanical Failure at
Mesoscale [J]. Energetic Materials,2005,13(2) :79-83. (in Chinese)
A WLk ERL AT AR R SRR S5 KL R A IR i AW ) 2 S B WEaY [T S RE A RE. 2005,13(2) :79-83.



5130 JE B AME A PBX AR 25 40 WL BT 447 A 9 B BB AT OG 12 S 3R F 5 7

[6] Chong K P,Kuruppu M D. New Specimen for Fracture Toughness Determination for Rock and Other Materials
[I]. Int J Fract,1984,26:59-62.
[7] Chong K P,Kuruppu M D. Fracture Toughness Determination of Layered Materials [ J]. Eng Fract Mech,1987,28
(1) :43-54.
[8] Chang S H,Lee C I,Jeon S. Measurement of Rock Fracture Toughness under Model | and [l and Mixed Mode
Conditions by Using Disc-Type Specimens [ J]. Eng Geology,2002,66:79-97.
[9] Li M,Zhang Y,Wen M P,et al. Digital Speckle Correlation and Its Applications [J]. Information and Electronic
Engineering,2005,3(1) :36-39. (in Chinese)
WLk BRI S BCT O OCEOR R [T R S LT TR 2005, 3(1) 1 36-39.
[10] Pan B.Xie H M,Xu B Q.et al. Development of Sub-Pixel Displacements Registration Algorithms in Digital Image
Correlation [ J]. Advances in Mechanics,2005,35(3) :345-352. (in Chinese)
WO ER SRS BT MR S T AR R LR E AL R [T, J2F BEE ,2005,35(3) :345-352.
[11] Pan B,Xie H M, Guo ZQ.et al. Full-Field Strain Measurement Using a Two-Dimensional Savitzky-Golay Digital
Differentiator in Digital Image Correlation [J]. Optical Eng,2007,46(3) :1-10.
[12] Zhao F F. Study on Damage and Fracture Mechanism of PBX by Acoustic Emission [D]. Mianyang : China Academy
of Engineering Physics,2001:31-36. (in Chinese)
X T7 05 . R JH 75 e S BORBIRGE o SR RN G5 K 25 140 05 5 I R R (D, 48 BH < v [ T AR A B 5T B . 2001 2 31-36.
[13] Wen M P,Ma L L,Tian Y,et al. Experimental Study on the Plane Strain in Fracture Toughness of High Polymer
Bonded Explosive [J]. Chinese Journal of Explosive and Propellants,2001,2:16-19. (in Chinese)
TS, I, B B3 L AR R SRR G5 0 247 T L AR I A R S e Y L)), KR 2R . 2001,2:16-19.
[14] LiC,Tie Y,Zheng Y P. Influence of Material Characters on Biomaterial Interfacial Crack Energy Release Rates and
Stress Intensity Factors [J]. Chinese Journal of Mechanical Engineering,2009,45(3) :1-6. (in Chinese)
2 LB BEARHE P BRNRERE I B BUR R S T RS RE B R A8 K 0 B B i R e [T HLAR T AR A
#2,2009,45(3) :1-6.

An Experimental Study on the Micro/Macro Fracture Behavior of PBX
Using Digital Speckle Correlation Method

ZHOU Zhong-Bin,CHEN Peng-Wan, HUANG Feng-Lei

(State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology sBeijing 100081 ,China)

Abstract; The micro/macro fracture behavior of a polymer bonded explosive (PBX) material was ex-
perimentally studied using a semi-circular bend test and digital speckle correlation method (DSCM).
Brittle fracture occurred when a semi-circular disc sample of PBX with a preset crack was compressed.
The whole strain field and displacement vector plot were obtained using the DSCM, and the plane
strain fracture toughness of PBX material was acquired. In addition,real time microscopic examination
was conducted to observe the process of deformation and failure of PBX material under semi-circular
bend test using a scanning electron microscope (SEM) equipped with a loading stage. The localized
damage and its evolution in PBX were obtained by the DSCM, demonstrating possible fracture route of
microcracks. The results indicate that DSCM technique is a valid and effective tool to study the de-
formation and fracture mechanisms of PBX.

Key words: polymer bonded explosive (PBX) ; digital speckle correlation method; semi-circular bend

test;fracture toughness;localization of damage
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