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Table 1 The maximum axial load in collapse tests

sample 1 2 3 4 5 average
load/N 808.74 807.31 963.67 846.26 782.02 841.60
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Fig.5 Three-dimensional principal stress distribution under critical axial load
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Table 2 Three-dimensional principal stress of initial failure
position MPa
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637 2.4748 1.5424 1.3794
639 2.1163 1.1449 1.1342

MATBETE " ARAT T SRS ) T % TATB 2k
PBX 1 5 B ¢ P£ M . Uniaxial-strength #fE 0| ( =X
(1)) W EE AR TR R 2, %28 E iR
Mohr-Coulomb I (£ (2) ) A J T AL FZ M8 T
B, Twin-shear #E (X (3) ) AT H T4 38 22 0L o J5E 1
MR, o oo Fo 430 30 7R BB AR5 B | B 0k s 4

Chinese Journal of Energetic Materials, Vol.23, No.6, 2015 (532-536)

SRIE N B Z W, o Mo B MPa, BT HUEE, o
NG AR, AT 3 T v R 2 R 5t 1R KA,
56 F R = 5 U UL 3R = ek 8 ) A 194

P IR R 22 I A (4) R
o, =0, Of -0,=0. (1)
g
g, _;tas =0, (2)
(64 o, tao
(28] _?(0'2"'0'3) =0y, (0'2\ 11 +a 3)
1 o, tao;
7(0'1+0'2) Q03 =0, (0'2 ]1+Ot j) (3)
0-1
=y Tt
O.C
Representation error =2 theey “T et 1009, (4)

O ftest
W HE 3 2 i BE , R A Uniaxial-strength #E ] ( 2
(1)) TR, 0 poory 4 BBl H7 (15 S35, 8. 83 MPa, FiliE

I 4 A 3R R 2 B E I K, O 16.90%
O-Ttheory=0-1=8‘83
. _8.83-7.5536 o
Representation error =2 5336 x100%
=16.90%
& M Mohr-Coulomb #E Ml (X (2)) 1 ik B,

T 1ineory M 9-0353 MPa, i id
*,419.62%

o, 8.83
. 727,61

bR 22 B S (B 06 1 i

=0.319812

W
=
(S

Mo www. energetic-materials. org. cn



H T i) 4 = B A BRI 9 2 TATB 2k PBX 5 12 1 DUk 17 1% 53 #r

535

0-1
[ theory =0, +;U%
c

=8.83+0.319812x0.6419
=9.0353

9.0353-7.5536
7.5536

=19.62%

KM Twin-shear #E (20 (3) ) #f R B, 4R 95 1% 1
D) £y (8 P A e 28— A R 20 GBS Y 0y ooy T
9.4087 MPa, i A iR 5618 s K 24.56% .

o,+ao; 7.5536+0.319812x0.6419
T4+a 140.319812

=5.8788=¢,=2.9774

x100%

Representation error =

_ [0
O-Hheory =0, +7( 0, +0—3)

0.319812

=8.83+ (2.9774+0.6419)

=9.4087

9.4087-7.5536
7.5536

=24.56%

i bl %, TATB %t PBX = #lidi fdi i 1 F 4 o J&
PR = i R A 8 ) T B R A A O B 25
YE25 TR 3 B9 Uniaxial-strength o 0] 76 % & = %
FE 45 W )T BN B il A 1R 22 9 2 1 0 50 D
IINA3.77% (F(4)) AR BEH T B 5 R v ) e B
1) 22 4 | B T 6 1 34 = bz A Rz 7 e SR B il iR iR 22
) PR A0 B8 50 {H il K 16.90% , 36 1 55 o PR 5F 1Y
Uniaxial-strength iz ] 15/ BE A7 5 Hls 350 0 = %l iz fift iz
TIFYEZI MRV 8 B B BR 5 Twin-shear i I il
Mohr-Coulomb I AT 43531 F 74 1 =% 1. 46 12 1 &
TATB %t PBX (R W3 B b R R, {H 78 = b H i hy g
THEAEMAMHBMEY KT ARME, &2 WK
24.56% , =P BE o D) Y 15 AR ORE FE A e 2K HE
A Uniaxial-strength # M . Mohr-Coulomb # | A
Twin-shear #EN] .

PRI H =l R R EE R 11,768 £ 4.638 1 1,
IR 1 e R T2 0 9 AN Sy BRL Bl R SR BE Y 0. 831 A%
(0104=0.831¢,),GB50010-2010"*" # & I8 #F + 4%
P BT v =l i RS B SR BE AN R 0. 9 %
BARMRL AR TR L o, AT UL =l e S R A B Ay i i
fRTE TR R B 3 P, H K 25 6 R i I 2R
AR BRI, S AR HE IR T ZE T T 21 T A,

Sy Ah R B BB SE R WA T, Twin-shear i 0

Representation error = x100%

CHINESE JOURNAL OF ENERGETIC MATERIALS

FIEAEY Mohr-Coulomb I 73 il 4b F it FER R L F
FRL, B4R A 5 B AR AN A A2 N T ARAS S e 38 5 /K R
H1 (o, XFRFI N T, 55T = A FE WS BF1E) A
% A, AWFFE B Mohr-Coulomb ¥ I (1 32 XL 30 BE A%
T I 245 2R Y n] RE G B R 2 W KR Y B2
7% TATB JE PBX i 4 AR K B 0% 5 2 ok I B 17 22
2 B TR S I X — 52

4 8 ®

(1) BLHE 25 TR i FH A9 Uniaxial-strength U
B 42 4 [ B AH X % &, A8 T Mohr-Coulomb #f U] Al
Twin-shear #EN] B ATSAS fiig 4 4= T 00—l i A 3 3 R
) TATB K& PBX il IR, 3 55 0 4 45 2 45 34038 70 000 {1 fh
K#116.90% ,

(2) 538K BE T T, — b i B v D00 7 45 A RS B
= 2K A HE P (iR 22 ) S Uniaxial-strength i 0
(16.90% ) >Mohr-Coulomb #EN] (19. 62% ) >Twin-
shear MEN] (24.56% ) , % 2= 34 AR 6 (H i R B IS 18 .

(3) =B Jy (F ST 11.768 : 4.638 1 1)
WEIRET B e RPN J) oy R 0.831 0, KELG T 1Y 2549
Bt % JE X FP O &R, 37 TATB & PBX i iR K & &
) 5 JEE A DO) 20 ] Bk 255 e 1 g AR A R K He g B S ]

S &k
[1] Scott | Jackson, Larry G. Runaway reaction due to gas-dynamic
choking in solid explosive containing a single crack[}]. Proceed-
ings of the Combustion Institute, 2009,32(2) : 2307-2313.

[2] Mao-hong Y U. Advances in strength theories for materials under
complex stress state in the 20th Century[J]. Appl Mech Rev,
2002, 55(3), 169-218.

[3] AT, Yoshimine M, St e, 4. i B BB HY K AN EEL)].
TR 2%, 2004, 21(6) : 1-20.

YU Mao-hong, Yoshimine M, QIANG Hong-fu, et al. Advances
and prospects for strength theory [ J]. Engineering Mechanics,
2004, 21(6): 1-20.

[4] A%, MM AERL)]. J12FitRE, 2004, 34(4): 529~

560.
YU Mao-hong. Advances in strength theories for materials under
complex stress state in the 20th century[)]. Advances in Me-
chanics, 2004, 34(4) ; 529-560.

[5] Jun-ling LI, Fang-yun LI. Effects of temperature and strain rate on

the dynamic responses of three polymer-bonded explosives| ] ].
Journal of Strain Analysis, 2011,47(2), 104-112.

(6] ArmZ, B AR, W3, 4. 20 Hh40 A £ om BB 1Y & @
7% Mohr-Coulomb 58 B Bl 100 JF4E[)]. a0 F128 5 TREEIR,
2000, 19(5): 545-550.

YU Mao-hong, ZAN Yue-wen, FAN Wen, et al. Advances in
strength theory of rock in 20 century 100 years in memory of the

Mohr-Coulomb strength theory[)]. Chinese Journal of Rock Me-
chanics and Engineering, 2000, 19(5) :545-550.

A e A 2015 % #2344 Ho6# (532-536)



536 Y, BURM, EW, R, XE, mERE

[7] Mhide, 2R, WL, PBX MEAAMCRITRD)]. BIE [10] BEWI, 4, 2@, . = PBX X259 2h 25 4 it Jy 24 4k e

Huhii, 2012, 32(3) . 231-236. [J]. &HeMR,2011, 19(6) . 194-199.

FU Hua, LI Jun-ling, TAN Duo-wang. Experimental study on ZHAO Yu-gang, FU Hua, LI Jun-ling, et al. Dynamic tensile

constitutive relations for plastic-bonded explosives[ J]. Explosion mechanical propert ies of three types of PBX[J]. Chinese Journal

and Shock Wave, 2012, 32(3): 231-236. of Energetic Materials( Hanneng Cailiao) , 2011, 19(6): 194 -
[8] 2R, fifm, fife, % H PBX MR 3l 45 1~ TERERT 5E 199.

U], SR AR, 2011, 25(2) :159-164. (V0] g, 200 RS0, 45 U 7l 0 R 3 DU 7E SR G 405 MR 2 9 8 4

LI Jun-ling, LU Fang-yun, FU Hua, et al. Research on the dy- Mreb i aE e[ )], AR J12F 249 ,2013,34(6) : 56-61.

namic behavior of a PBX explosive[ J]. Chinese Journal of High TANG Wei, LI Ming, WEN Mao-ping, et al. Adaptability of four

Pressure Physics, 2011, 25(2) :159-164. strength criterions in polymer bonded explosives strength analysis
(9] WA, HEME, 250, 2. PBX — 4k 3l 7 $ir fi 1k i 52 50 BF 5% [J]. Chinese Journal of Solid Mechanics, 2013, 34(6) : 56-61.

[J]. & REMAE,2011, 19(6) : 684-688. (T2 R EE LS5 B S E AR S 2. IR EE L a5t My [s].

LAN Lin-gang, WEN Mao-ping, LI Ming, et al. One dimension e N R IEFIEE R AR GB 50010-2010, b 57 i [ d@ 510 Tk

dynamic tensile properties of PBX[)]. Chinese Journal of Ener- J#t,2010.

getic Materials( Hanneng Cailiao) ,2011, 19(6) : 684-688.

Adaptability Analysis of Strength Criterion on TATB Based PBX by Indirect Triaxial Tensile Collapse Test

TANG Wei''>* | YAN Xi-lin>, LI Ming’, WEN Mao-ping’, LIU Tong’, ZHANG Ding-guo'

(1. School of Sciences, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Chemical Materials, CAEP , Mianyang 621999,
China; 3. Southwest University of Science and Technology , Mianyang 621010, China; 4. Graduate School of China Academy of Engineering Physics, Mianyang
621999, China)

Abstract: Strength plays an important role in structural integrity and safety for explosive parts, and is also the basis for estimation of
the structural strength. Based on uniaxial loading technique, strength property of TATB based polymer bonded explosive( PBX )
under triaxial tension stress state was studied by an end-restraint cylinder tension collapse method. The stress field under critical
load was quantitatively analyzed through finite element simulation according to the tested boundary conditions. At last, the adapta-
bility of three typical criterions ( uniaxial-strength, Mohr-Coulomb, twin-shear) in strength analysis was illustrated using principal
stresses of initial failure position. Results show that among these three criterions, uniaxial-strength criterion, which is most often
used in explosive engineering, has the best safety threshold, about 43.77% , under triaxial compression stress state, but even so,
it still can not supply a safety forecast for this TATB based PBX strength failure under triaxial tension stress state. For the representa-
tion accuracy, uniaxial-strength criterion has the best precision with an error about 16.90% , Mohr-Coulomb criterion and twin-
shear criterion take second and third place with the error of 19.62% and 24.56% , respectively. Moreover, the triaxial tension
strength is 0.831 times of the uniaxial tension strength, while Mohr-Coulomb criterion can not predict the strength lower bound
precisely. It may be mainly caused by hydrostatic pressure,which must be considered further to establish multiaxial strength criteri-
on with high precision.

Key words: polymer bonded explosive( PBX) ; strength criterion; triaxial tension stress
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