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Table 1 Sizes and failure loads of specimens
specimen R/mm t/mm a/mm P /N
size 1 T1-1 10.04 5.99 2.00 462.50
T 2-1 10.01 6.00 3.97 462.50
size 2 T2-2 10.01 6.02 3.97 469.95
T2-3 10.00 6.01 3.90 465.65
T 3-1 10.01 6.01 6.03 394.48
size 3 T3-2 9.98 6.02 6.01 354.95
T3-3 10.01 5.99 5.99 366.44
T 4-1 10.03 5.99 7.96 305.55
size 4
T 4-2 10.01 5.95 8.00 311.49
T5-1 10.04 6.02 10.01 269.58
size 5 T5-2 10.01 6.00 9.99 274.70
T5-3 10.02 6.02 10.16 264.49

Note: D is the diameter of CSTBD. t is the thickness of CSTBD. a is half the
crack length of CSTBD. P, is the maximum load of the CSTBD test.
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Fig.5 Load-displacement curve of CSTBD test
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Table 2 Average failure load and fracture parameters of CSTBD specimens with different crack lengths

model(CSTBD) « P /N o/ MPa A A} K./ MPa-m®® A,/ MPa-m°® r./ mm r!/ mm
Size 1 0.1 463.5 7.70 0.072 0.057 0.139 13.90 0.099 0.117
Size 2 0.2 465.3 7.73 0.107 0.132 0.202 10.29 0.164 0.188
Size 3 0.3 372.0 6.19 0.140 0.110 0.211 6.76 0.184 0.202
Size 4 0.4 308.5 5.16 0.177 0.094 0.228 4.84 0.203 0.216
Size 5 0.5 269.6 4.47 0.782 0.073 0.251 3.23 0.241 0.253

Note: a is the dimensionless crack length of CSTBD. o, is the stress of CSTBD. A} and A} are dimensionless stress intensity factor of CSTBD. K_and A] are critical

values for A} and A}, respectively. r_and r/ are the FPZ length of CSTBD, respectively.
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Effect of Crack Lengths on the Apparent Fracture Toughness of PBX Surrogates

SHAN Jun-Peng, WANG Shan, DENG Peng-Fei, TANG Wei, WEN Qian-Qian
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The apparent fracture toughness K_is an important material property that characterizes the ability to resist crack initia-
tion and propagation in the polymer bonded explosive (PBX), investigating the size effect of apparent fracture toughness K_is of
great significance for predicting the crack initiation and failure behavior of PBX at different scales. This study examines the size ef-
fect characteristics of the apparent fracture toughness K_of PBX surrogates by cracked straight through Brazilian disk (CSTBD)
tests. Fracture tests were conducted on CSTBD specimens to investigate the influence of pre-existing crack lengths (2, 4, 6, 8,
10 mm) on the apparent fracture toughness K. The size effect of the apparent fracture toughness K. of PBX surrogates was ex-
plained using the traditional maximum tangential stress (MTS) criterion and the modified maximum tangential stress (MMTS) cri-
terion, which considers the higher-order coefficients of Williams series and the length estimation model of fracture process zone
(FPZ). Results show that, as the crack length increases, K_increases from 0.139 MPa-m°’ to 0.251 MPa-m®’, and K_tends to
stabilize with the increase in crack length. With the use of the A, term-corrected FPZ length estimation model, the modified maxi-
mum tangential stress (MMTS) criterion can effectively explain the size effect of the apparent fracture toughness K_of PBX surro-
gates compared to the traditional maximum tangential stress (MTS) criterion.

Key words: polymer bonded explosive (PBX) ; apparent fracture toughness; fracture process zone;size effect; modified maximum
tangential stress (MMTS)
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The apparent fracture toughness K_is an important material property that characterizes the resistance of PBX materials to crack
initiation and propagation. Through the cracked straight through Brazilian disk (CSTBD) test, fracture tests were conducted on
CSTBD specimens with different pre-crack lengths to investigate the size effect of pre-crack length on the apparent fracture
toughness K. The modified maximum tangential stress (MMTS) criterion, which takes into account the high-order term
coefficients of the Williams series and the estimated length of the fracture process zone (FPZ), was employed to interpret the
size effect of the apparent fracture toughness K. for PBX surrogates. This study can provide a rational prediction of the apparent

fracture toughness K_for PBX surrogates and offer experimental and theoretical basis for PBX materials of different scales.
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