32 PR, F i, BRI SRR A T, 04 G

XEHS:1006-9941(2020)01-0032-06

PBXEH MBI EST N NRETHERHM-C3EEEN 5 RHFE
Rok.m BREEARE NEN, HEA

(PETEMEFE R SETEFEN, W) %HE 621999)

T OE: R TR R YRS 2 (PBX)TE R Y &2 A N IR AT A R AR R B S 89 D) 2 7 ik ik AT T 00,150,300, 45°,
60°,75°Lk K 90° Y i 35 S 98 AF 5% 5 AR 52 T PBXASEHBLAL L 1 % pRi 2 Mohr-Coulomb (M-C ) #E WU, I X e il 5 B 47 7 #0305 40
SEM X R BT I B 240 W R SURE M HEAT T o0 . A5 AR IR IH, PBX AR BE AL N 3 A B 0 O 0°,15°,30°, 4500 32 22 3 Bk WY 1R BY 1
U ) B SR B, 7E 024 60°,75°, 90° 1 3 30 A 105 D) R 5K 24 119 H A 0 PR 2 7 0 DI B IR 2R, Bt R . 7 14 38 i, PBX ASE U6 et
B )5 R LR B i R e A0 AR 2 DSORL BY T R % A0 ke R Bk AR B AR B . T R B, R R A M-C AL S
TR PBX SRR A BY U153k 8 119 HE 2R Mk A8 fh A, JU0 75 A5 300 100 5 5 9 0 8 205 Ay A 0 b Y00 S ) P11 il v PR 4 5 5 R R ) 3
TS 1 P JEE A BEL 0 1 SR RUISURE B8 A | TR A A0 A5 5| I P P 4 AR AR AU 2 5 B PB XL ALLBA ) 59 1) 1 A 5 B i S 17 g 48 o AR 4R

P T ) o A

X427 : PBX(polymer bonded explosive) fHLb 5 i 5 S5 5 45 B 4 Mohr-Coulomb (M-C) i 5 2 3505 1

HESEE: T)55; 0346 XERFREARD : A

DOI:10.11943/CJEM2019046

1 51 8§

15 SRR 45 1 25 (PBX) /2 LA KE 24 i IR J0RL 2 2 44
N b v SR RS 25 R RG] A 2 — T2 U UKL
SAEME. TR RS, PBX KEZGHFAF R 2 4 3 )
REAF LA ) A G5 A 25 o 32 1) R i s AR v
— A R iR R Y O B () A, BT LA, ST PBX E 25 4 R}
SO0 DO S RV e R A il R o g Lo T S <
B,

oE R, PBXTE S 27k BE B A B B By H kA
XoF R, R RO I 2 H T Ak Y RS R AR
K AERL R IR T FE 2 R ABIN A5 U
JE 45 DA K BB RS R 0 E 2 2 BB sy ek, B
i, B AT PBX LA B SR AT i F ST 2 & 1R
2 R F B U0 IR 9 BIF 58 38 A XA DL AL
Wiegand"*™"" &8 A4 R JF e T PBX 7 S A R 4 A

i EHI: 2019-03-03; f&EI HHF: 2019-06-09

W 4 H R B #3: 2019-06-20

ESWAB: MEKAKB¥IEE D (11472257)

EE RN BLAR(1986-), 5, Wy BEWF 5T 61, 5 2N F b KL ) 24 1 B
KMATHHFGE . e-mail : caepjd@163.com

AR T Y BY IR 5 B2 43 A, I A A A L ez Ik
AF Coulomb N J25& A 19 5 32 [F Los Alamos [E 8 5%
I8 25 ) Stevens' 21 X PBX 9501 1 B4 %k 47 A1 11 s 45 52
g R A MEM-CHEN L&A 2 T s Eaw
. ZERBEX PBXIF R T shAS K4 L5 o8, &
L M-C HE U XT PBX 55 U il A7 A 09 4 348 5 52 5 45
AW G5 FH A SR it R 2 SRR A (R A R 35 S
By, o0 T 55 TATB 5L PBX A4 28 S0 R 5 8, I W 7E =
] FE 48 RS T M-C o DU %) 45 8 RS B 0 5 B % PBXARE
PR R T R[] B A =l R 46 S 56, 3R A5 1 4l
] i 4 5 B AR L LA . N A MBF RS LR E
M-C i 2 i 36 FH T bR B9 DB SR AT S il iR 1, B g
PRI L0 B TR IR B 9 R T A DG (H 2 BR T PBX 55 )
SR I S B0 T 9 A [ 2, O R AR R M ) A TR R A TR
A H B ETF I R £ ok 2k M-C i, X 4 kL R
FIH S AR BE 1A R, BT DA BT R T 2 (1 5K
IS Y .

AR B 538 3 A8 A 5 D) 0207 2%, 4T PBX AU A
BEIF R B S 5T, AR AT I AE R BT R AR 15
JEE AR AR, 5T PBX AR AL 1) T R A M -C i 3 1
LU TS NS TR 7 N TR DU R TP E SR

SIRA SR, w T, Br M, 45 . PBXBLIBURE L TR 07 B J7 bR 25T A0 4 R 80 M- C i 32 3 ) 5 2 B8R P D). & RE B4 RE, 2020, 28(1):32-37.
JIA Dong, GAO Yang, CHEN Yong-mei,et al. Power Function Mohr-Coulomb Strength Criterion and Failure Characteristics of PBX Simulant Under

Compression-Shear Stress State[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao),2020,28(1):32-37.

Chinese Journal of Energetic Materials, Vol.28, No.1, 2020 (32-37)

Sttt

www.energetic-materials.org.cn



PBX A U044 4k I 8 R Jy MR A R RY R R R M-C O I U 5 SO T

33

2 ZWigit

2.1 EIEik A

A SR AE S 20 mmx20 mmx20 mm 1E 5 it
FE L RE A BE S PBX OB S M RL , 32 2R = R UK
(C,NH,) Rl EZ 41 (Ba(NO,), ) i ki #5105 RE KE 25 i
L, FEHC LA SR A RS 45 700 AT 55 0 e R, b %
20 1.8g-cm™,
2.2 LWEE

T B 52 46 2 AR IBOR L 5Y D) i IR 2 80 I vk
e A RS E MR R EM R E Tz N T
R AATF PBX A ALUR L BT U 5k BE () R 0 AH OGPk TRy
A5 ff B U1 2828 B JF R 0°,15°,30°,45°,60°,75°
DL K 90°4 i 7 B 48 B i RE 55 U0 i 5 % 1) 288 i 1)
Je 1 0) (1 R 5 52 A A8, Horh 00 90° 43 il AR 3K i A
B U] R LA e 45 RS I TR .

H compressing block

| angle hole

| T loadding mould
7T specimen
@'/ sliding axle
a. design sketch

B S 0 Y
Fig.1 The shear loading device with variable angle

AR YOI In Bk BT R Sk SR H RO BR T 8
o He Sk B A B R L S B [ RE Y e 89 A
A8 5 2% LR R A K V- 0 B AT AR A 22 2 5 AR
BRI N A Ak (7 R TE B A8 A rh R R B g oK
-5 1] AT
2.3 XLWHELE

e B S5 56 2 30 e P Al s 4 288 Aoy A R T B i (14
TP @) L™ A TR AR A Ui 2 A 1R O
R 5 23 121 TR A BB ) 2R e Jon i B T AR
B IE N 3 AT Hy A 5

b. actual device

P

o =—sinf (1)
a
P

7 =—cosf (2)
a

X, o MIEW 1, MPa;z BT 1, MPa; P il m) &

CHINESE JOURNAL OF ENERGETIC MATERIALS

ik, N a MK, mm,
3 EBERHEM-CHEN

FE B U I 10 5 B 1 A 55 1, Coulomb ! fi
el TR SR SIS E S E N O 2L R M
Coulomb EM, HFRKHH
T =c + otang (3)
K, c AR R R 1, MPas @ A R REY TN BE 3 £
(°)o Bfif5 Mohr 2 T3y R DI P e th T H T
il R B4 L A G IR B Mohr HE T 17T 24 40 B 2R R L4k
B, % E Wl 5 Coulomb M W] — o, BI 4 28 1k
Mohr-Coulomb #E " 7 o-7 *F 1 L=, Mohr [5 F1
WEB & Z B 1 R ANE 2 s .

T4
interior friction coefficient dr

N

“> fracture envelope
(00 7)) 2

/Mohr Circle

G N 3

B2 L -0 R - i R A 4 2

Fig.2 The fracture envelope on o-7 plane

FE 2B I v, B 503 B T AN [RDJE 20 Al Ltk
M-C i U], 3= 25 4l 45 2 M-C o I 30 il 26 M-C
BT pl T 3k 4 o DU e (0L B AR A L L, X L
B B 0 38 A B T DA ASE 5 8 SR FH — b R %
I A 3E 2 M M-C i I — T oR £ M-C 7 T X PBX A5 411
AR B )58 B R 1 AT A0 A, LR R IR R

=f(z)=allz/b)" = 1) (4)
o, a F b ¥ A B AL 250, MPas m ok i fE ) 1 R 4R
B, M m=10F, 3% fE W B AT 3B 4k R Z6 1 M-C i, 24
m=2 [, 2 W) B A 4 4 2% M-C o) . AR B 14 2 o g
WP LG EN N (URNIE)ZRBER, EN o
FBTRE 7 7 0 LR RN

1

oc=— (o, +o,)+— (0, - 0,)cos2a (5)
2 2
1 .
2'—5(0'1 - o,)sin2a (6)
Tr
2= —+ (7)
P ¢

X, o, W — W ST, MPaso, BEE = F W /) ,MPa;a

N XK 2020 4% H 284 #14# (32-37)



34

NE—EN GO A I A, (0) . RIEAK(4), 5
PREL M-C HEMAEAE — IR ) o B RN BE 2 R B k(o)
AR IR R

_dr b o,ta 1

= ( )m - (8)

m(o,ta) a

k(o,=tan(g)|

o=0, d o
o=

EA NN (5)~(8), T IS o- 1l B AT — 5
(oo, 7 ) XN BN ) o, Rl oy, R RN

7| = ko) + T K () )+ o, (9)

(04,7,

0| =rlkle) - J1+ K (0))+ o, (10)

(04, 7,)
X (8)~(10) BLW], 25 bk K M-C i I 1) 2 %
Ca. bl m) 7 i, RIRT AR AT b1} A 2R 2R B0 R 1) Y
BTN o = ER S o,

4 HR5WR

4.1 EHIBER
M LIRS Tk A B T PBX LA R 5T 3K
BEAEAS TR N 28 48 B2 H 19 722 WL SR A 3, 1] 3 i

B3 AN FNEA BT 2 AR X
Fig.3 Macroscopic fracture patterns under different loading

angles

ME 3T LIEH, 2608 0°,15°,30°,45°0F, & 57
TR A R S B D) 1k A BY VIR ER 5 DD 0 v B 5 2
6k 60°,75°,90°0} , iR FE TG V&V B 2 5 DI 1A & AR B g
WEIR , Bk A7 76 85 VI IR A9 FRAE A1, 75 -5 85 ) 10 3 B9 7
i) b B BT R S O AR R T, A S R S A B
VIFN ik 2 TR A A 2. ARl R B 5255 ) 22 WL 3R
BRI LLUE W 76 R B 1 B 004 0°,15°,30°,45° %
N ARAS Y S I B S A R, AT DL T A PBX AR
A RH I B D) PR B, A OGS 86 S S5 SR N1 BiR .

RN EE SN <l I NI DI W (U137
A A B 43 B /0N HLAE G A o 25 C, (s 1 22 F 2 (.
1) LEAED) 35/ F 10% , £F & GIB 772A X 52 50 8 % J% 1)
BEOR K U B S0 B A B R TR, ek
0°,15°,30°,45°0F , Fifi %5 T 4% A B2 0938 fin , 85 Y1l IR T
B8 R T R0 B R ) 38 5 R R A A M-C D] i AR
fb % 124 08 60°,75°,90°0F , i EE By B SR 20T R

Chinese Journal of Energetic Materials, Vol.28, No.1, 2020 (32-37)

B —  JORR T ARG H R AR R IR B FL S0 TR

R1ORWILEER

Table 1 Results of compression-shear test
0/() P./KN SIKN C,/% o, /MPa z,/MPa U
pattern
0 3.57 0.18 5.10 0 8.92 shear
15 4.89 0.24 4.82 3.16 11.81 shear
30 10.21 0.51 5.03 12.76 22.11 shear
45 19.02 1.12 5.88 33.62 33.62 shear
60 25.96 1.87 7.20 = = hybird
75 24.42 2.10 8.60 = = hybird
90 22.40 1.85 8.26 = = hybird

Note: P is mean compression load; S is standard deviation; C, is relative
standard deviation; o is mean compression stress; 7, is mean shear

stress.
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Fig.4 The fitted curves of different M-C criterions
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Table 2 Fitted parameters of different M-C criterions

criterion m a/MPa  b/MPa R?
linear M-C 1 13.83 10.08 0.973
power function M-C 1.85 2.82 8.51 0.996

Note: R?is correlation index.
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Table 3 Comparison of predicted results and experimental results

o,/ MPa A/ %
a,/ MPa . predicted data of linear predicted data of power . o power function M-C
experimental data M-C criterion function M-C criterion linear M-C criterion criterion
1 53.40 43.51 63.06 -18.53 18.09
5 64.97 58.97 76.09 -9.24 17.11
10 84.96 78.30 89.80 -7.84 5.69
20 105.77 116.96 113.61 10.58 7.42
30 131.54 155.63 134.95 18.31 2.59
40 152.26 194.29 154.84 27.60 1.69
50 165.02 232.95 173.75 41.16 5.29
Note: A is relative deviation.
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Fig.6 Mesoscopic morphology of shear fracture surfaces for
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Power Function Mohr-Coulomb Strength Criterion and Failure Characteristics of PBX Simulant Under

Compression-Shear Stress State

JIA Dong, GAO Yang, CHEN Yong-mei, ZHOU Yan-liang, HAO Zhi-ming, HUANG Xi-cheng

(Institute of System Engineering, CAEP, Mianyang 621999, China)

Abstract: To study the strength properties of Polymer bonded explosive (PBX) under compression -shear stress state, compres-
sion-shear test of PBX simulant was carried out by the experimental method of variable angle shear with loading angle 6 0°, 15°,
30°, 45°, 60°, 75°, 90°; The power function Mohr-Coulomb (M-C) criterion of PBX simulant was established, and compres-
sion strength under confining pressure was predicted. The mesoscopic failure characteristics of PBX simulant under compres-
sion-shear stress state were analyzed by SEM. The results showed that shear fracture pattern was along the compression-shear sur-
face under loading angles 0°, 15°, 30° and 45°, and hybrid fracture pattern of shear and tension occurred under loading angles
of 60°, 75° and 90°; For the shear fracture pattern, with the increase of compression stress, the shear strength of PBX simulant
showed a trend of non-linear increase, and the mesoscopic damage would gradually develop from particle shear fracture and
breakage to the formation and penetration of secondary cracks. The analysis found that the power function M-C criterion could
well describe the trend that shear strength of PBX simulant increased nonlinearly with the increase of compression stress, and pre-
dict axial compression strength of PBX simulant under different confining pressure more accurately. The increase of internal fric-
tion resistance caused by the increase of compressive stress and the decrease of internal friction coefficient caused by particle
breakage and secondary cracks are the important reasons for the non-linear increase of shear failure strength of PBX simulant
with the increase of compression stress.

Key words: polymer bonded explosive (PBX) simulant; compression-shear test; power function Mohr-Coulomb (M-C) criterion;
failure characteristics
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