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Fig. 2 Peak overpressures varied with explosion distance under different conditions
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Fig. 3 Damage of toughened PVB-laminated glass
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Table 2 Shock overpressure of common PVB-laminated glass

FEE, B il T RE Y S AR T Ap;/MPa i TR

LS BIE T (P S L £ K Twwmmm BIB9Sk
rp, B S TDAR O T DY JE AR 0.8 0.048 3 0.049 6 R R
S T f M R A e L 0.7 0.067 4 0.068 6 T2 WAk

S A 0.6 0.098 6 0.1006 IR 87N




%2 W VL MEAE . RNE phli T 3 A S B A 1R A R 233

3.3 BEZEWIE

R=0.6 m B, $C{H A 15 5
9 12 mm B2 V% 1 B B 1Y) I IR Ay
fE 55050 45 F it &l 5 Ak 3
iR, BTIA PVB BRI, 5
ERTE LB R E R R AT |
e . % B IR HR /NS, HA B R
B . BRI, R R T B 3

(a) Simulated damage

(b) Experimental damage

M AERI IR I 1Y 52 IR 2 I H R ke Bl 5 T i B 38 0l VR A
B 65 T A 2 ) P8 7R T AR AR 0 43¢ Fig. 5 Damage of float glass
HoAth 2 Fhyt g™ .

R OFEWEH G IREE

Table 3 Shock overpressure of float glass

R/m Api/MPa SN R
BE B L BAE B SLY
0.8 0.048 3 0.049 6 FRIES A IR
0.7 0.067 4 0.068 6 {37 LZE NN 4
6 0.098 6 0.100 6 37N EL N3N

4 % it

D LS-DYNA SRS T 3 ol SR A 30T 08 5% b ol DAz A0 T 00 50 A 2 3 i 5 65 480
LHM AR T L EE

CO BB AL G5 2R 5 5250 25 A W) 15, UL WA SCrp i e Sr i TSRS R R0 1 A9 45 S B 00 5

(2) 4B B M, T 5545 30 10 o ol e P e {0 2 0T S 80 (R

(3D i Xt 3 Fof et 390 B B 00 AR 45 3L 114 U Al R[] ol 3 36 A A B 38 AR ) 1) 195 0 S T B 3 19 9t
FRPERE DL T 50 B A9 DU R BE L B9 1L B A FUMR PERE O T oA 2 b Bl B8 1 BT 1R B 5

(A RS ADLAS 21 1) B3 A0 R 15 ST 6 4 SR AT — 2 1R 22 B DR 8 X6 B 8 A R 3 ol MG P 6 ek ) il R o
i B A — A~ B HE B A (R 3 7 1 L T A A Ja i AR h 4k it

S & Uk :

(1] SRFFRY BRIR 2R 04AR  5F i 2 ST B0 08 48 35k ol o 0t B 7 ) A BF 5 [ ], 2 SR0R 27, 2007, 23(6) :53-56.
Zhang Qing-song, Chen Jun, Li Xing-hua, et al. Research on blast protection issues of glazing curtain wall in high-
level buildings[J]. Building Science, 2007,23(6) :53-56.

[2] Larcher M, Solomos G, Casadei F, et al. Experimental and numerical investigations of laminated glass subjected to
blast loading[J]. International Journal of Impact Engineering, 2012,39(1) :42-50.

[3] Krauthammer T, Altenberg A. Negative phase blast effects on glass panels[ J]. International Journal of Impact En-
gineering, 2000,24(1) :1-17.

(4] XBoefe, 4 e, WRIR . 45, 4 XE wh b 36 X BB RE R B RAE T 1) Z2 9 BT ALE A BROCELLT ] i e B4 4R . 2010, 24
(2):81-87.
Deng Rong-long., Jin Xian-long, Chen Jun, et al. Application of ALE multi-material formulation for blast analysis
of glass curtain wall[J]. Chinese Journal of High Pressure Physics, 2010,24(2) :81-87.

(5] A, B0 R 24048, 558, TNT 28 o el e i AR R T ], K KEZ 542, 2010,33(4) £ 32-35.
Zhong Qian, Wang Bo-lian, Huang Ju., et al. Study on the similarity law of TNT explosion overpressure in air[ J].
Chinese Journal of Explosives & Propellants, 2010,33(4) :32-35.

(6] ZEiAR 03655 B, ANSYSI10. 0/LSDYNA Hefili ¥ 5 T 7 52 B[ M. bt b €K R K i i AL . 2006 - 235-



234 DS 1 5 et i %34 B

236.

[7] LSDYNA keyword user’s manual: Version 970[Z]. California: Livermore Software Technology Corporation,
2003.

(8] Hadk. /DI R . 28 b TNTT R ool 00 S 0 1 6 950 000 2 (BB 400D . MR % . 2008, 25(1) ¢ 15-18.

Yang Xin, Shi Shao-qing, Cheng Peng-fei. Forecast and simulation of peak overpressure of TNT explosion shock
wave in the air[J]. Blasting, 2008,25(1):15-18.

(9] JGI 102-2003 B¢ %I TR PR BVELS T, At a0 o R 5Tl AL, 2003 28-32.

[10] Cronin D S, Bui K, Kaufmann C, et al. Implementation and validation of the Johnson-Holmquist ceramic material
model in LS-DYNA[C]// Proceedings of the 4th European LS-DYNA User Conference. Stuttgart, Germany: DY-
NAmore GmbH, 2003.

(111 A HAe s B M vhafe B BB 53 ORS00 20 05 i T 5 [T . Ab st Tolk 2% 4, 2010, 36 (11) : 1465-1470.

Shi Lei, Du Xiu-li, Fan Xin. A study on the mesh generation method for numerical simulation of blast wave[]].
Journal of Beijing University of Technology, 2010,36(11):1465-1470.
[12] A& LSDYNA3D Mg HEal -5 5B At [ M. b5t B2 RAE 2005 . 74-100.

Action of explosion shock wave on three kinds of architectural glass”

Jiang Qi', Liu Tong'?, Wang Ru-heng', Pan Ting’
(1. School of Civil Engineering and Architecture ,
Southwest University of Science and Technology, Mianyang 621010, Sichuan, China;
2. Training Center , China Academy of Engineering Physics, Mianyang 621999, Sichuan, China;
3. Engineering and Technology College , Neijiang Normal University ,
Neijiang 641000, Sichuan, China)

Abstract: Based on ANSYS/LS-DYNA, the ALE method was used to describe the explosive and the
air flow field, and the Lagrange method was used to describe the glasses. And the tensile stress fail-
ure of the glasses was considered as well as the shear-strain failure criterion. The corresponding calcu-
lation models and parameters were given for three kinds of architectural glass, respectively. Moreo-
ver, the numerical simulations were carried out to analyze the action processes of the explosion shock
waves on the toughened PVB-laminated glass, the common PVB-laminated glass and the float glass,
respectively. And the anti-explosion experiments were performed on these three glasses to compare
with the numerical simulations. The comparisons show that the numerical results can reflect the
punching failure phenomena of the glasses in the experiments. When the glasses occur to failure, their
shock wave overpressures by numerical simulation are in agreement with the experimental results.
Furthermore, the investigated results display that the toughened PVB-laminated glass has a higher
explosion resistance than the common PVB-laminated glass and the PVB in the laminated glass can ef-
fectively prevent the glass from splashing.

Key words: mechanics of explosion; explosion resistance; shock wave overpressure; architectural

glass; failure criterion
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