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Abstract

Glass has high strength and good light transmittance, and is widely used in daily life. But glass it-
self is a typical brittle material, which can crack and damage under high-energy impact loads, and
produce high-speed splashing glass fragments, causing great safety hazards. Therefore, this article
studies the dynamic response of PVB laminated glass under blast impact. A finite element model of
laminated glass was established using Hypermesh, and the blast impact process was simulated
using Ls-Dyna software. The failure stress-strain values of glass elements were set to simulate the
damage behavior of glass. After simulation calculations, the process curve of the blast impact wave
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conforms to the theoretical trend of the explosion reaction, and the damage cloud map and energy
absorption rate of each part of the glass match the response of the glass under strong loads. There-
fore, this article provides a certain method for studying the response of PVB laminated glass under
blast impact.
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Figure 1. Variation curve of explosion shock wave pressure
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2.2.1. JUMRBIRAERI S Bib F &4

AR SCAE Hypermesh B4 i ar 1 B E el N B A BR CBR, A4 12 B PVB kK285 . I
Kl 2, For(a)y BN B Z B AR vl N R Ay B S, 3RS 100 cm x 100 cm x 1 em, JfZ
MEN 10 g HENE THE O, BEERI B E SN, B R [ e 00, AR (D), BB RS
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SEPFEVUSE, I EAEPIESNE [J7 50 cm, JEZM5= 30 g, BEANRMBEEAAL T AWM, HRES
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Figure 2. Finite element model of glass response under blast impact: (a) Single pane glass; (b) PVB laminated glass
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Table 1. Material properties of glass and JH-2 parameters

= 1 BEBHM R JH-2 %

Ml e
5 (g/lem®) 2.53
i IR A5 5 (GPa) 29.5
NiAZ 1
Pz % (GPa) 0.065
A 0.93
B 0.2
C 0.003

PVB JE e B Ak . R ZEB LI AZ B RRE B En, PVB EREREEEMH. 43
IR, PVB EAhRE AT, BB Rk, T BRI N AN R, R T BRI %
4VERE. AR A Mooney-Rivilin-Rubber #AR R PVB )2 A R E . N AR e &% E RN N

W:A1(I1—3)+Bn(lz—3)+Cn[li2—3]+Dn(l3—l)2 (6)

3
Hrf Any By CoflT D #GZHEL 1y 1 AT I B ALK E . PVB AR PE LA 2.

Table 2. Material parameters of PVB
% 2. PVB EEMIMT RIS

R} P (glem®) TARALE An (GPa) Bn (GPa)
PVB 11 0.495 1.6 0.06

2R MAT-NULL BRI A, - 50R7& 5 F2 EOS-Linear-Polynomial AH H{F S E 23088, A
RE R R EEE, A EERNEES K. TRME SR 3 Frx. TIRES T
Al DL (8]

P, = Cy +Cx+Cyx* +Cyx +(C, +Cox+ CoX* ) Ey’ @)

Horb P RIS R AUER R, Eo Ron NEALAR RS R, Co B Co #5254, Hirh CoF C4 {540, C5 = Cs = 0.4 MPa.

Table 3. Material parameters of air
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B R e o s e RN, A SCSKR A Ls-Dyna BUERELIUMEZG RS, Hih MAT-HIGH-
EXPLOSIVE-BURN W DI R IR VEZG ) S B RE o AS SR TNT FEZGELARLHEATHL, TNT A kLS
B 4 fiw.

Table 4. Material parameters of TNT
4. TNT MRS

(MI/Kg)

5
il

g 2% i (glem?) 3% (mm/s) 5 (GPa)
TNT 1.61 6.94 e® 21 4.54
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Figure 3. Damage cloud of single-pane glass under blast impact
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Table 5. Different working conditions at 30 g equivalent of TNT
5 5.309 HE TNT TR

T 1 2 3 4
H VR PR B 50 cm 70 cm 150 cm 200 cm

FEARIE TNT 48T, HEEE BN E B A B AIRE MR, PRI O B8 4 7 7E BB AR AR A s T F i)
Iz, A CA DU T O B AR AT oA, I AE SR (] B D 5 ms.

BB AL T LA R S SE R 1 oty BE 0T I J2 B (K1 SR B FrR I L, o i P A 3 o 2 B o %
KEBR B ROAARANIE 4 Frome ANIEL 4 FTUAZE H, BRAERR B, ool RO iR A% 0% 1) 35 I W 2 DB ] 484
KIF HAEE AW T, TNT BEE)E, dhiiBar a2 SO G BIEREY) R B2 ek
SEZNIKRFNEAE, B S ERE R R B AR O . SRR (O FEG th 2 R B, 3R B AR o 5
AR ATFEVE . AT S e BUBRNERE O 50 om, BIZwaE 5 ALY 1 AT 0. NS AF RO B B Y
G SE,  $212R PN 70 2 P S I 353 K P AR s T R R AR AL

25
50cm
70cm
20
=15
o)
e
Eﬁlﬂ10
25
5
0 ,
0 1 2 3 4 5
e (ms)

Figure 4. Course curves of the explosion shock wave with distance

B 4. 1RHE KRR B T LR A2 AL

V5 R T ANZE B ALy T AN I 18] (42405 2 1 o K S A R] RASE HE TNT B8 e, 285 0.1 ms,
PN P BRI R BRI, PO BRI AR, F HIIEANEA A MM S, R
SARH 1 ms I, RTUAWTSEAE HH N2 A7 AN W e DU P A4k, i R O T aa BRI HLB A1
JEAN MR EEW RN, GEF) 2 ms I, BJRALRR R A INE IS, B B O I G AR I RSO H.
PO A KRBEIIRRE, 2if 4ms Ja, B THOIRRIGUSRIRSUITEN, N1 A B 17 3082
XA T FARE, SRR ERBEAIR. B M KA, BRI UG 80E55, A Sms i, AMEB
WREOGIRTRFF AL, B ANZ B A SIS R AR SE . BB PO B R LA Bk, REUREE
e

6 KW T WRBURERE i N AFEIN R0 = . A Z 30 540 E BRI, (2
SR BN = AL RS A AR L. A 6 AT LA Y, BT PVB JZIFEH, N A3 = A Z 3
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Figure 5. Damage cloud of outer glass
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Figure 6. Damage cloud of inner glass
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7 RWIT WR BB T AR 8 s e S 7 WTRAGE I, RODIRAESIES PVB R
FERRIEEAR, BT PVB RIS IR, 7252 2RI 2Rl T RE OREF R A0SR, NOBTEE
FERGZ PWIBRIA S, ARAE PVB IRIZG IR e LT, T HRERMER S A /NI B IE, Bt — DI N O (e %
B R R 2 A fR g R PVB JJZAE S 2 B S5 ) i B 2 S0 E AR AT .

TNT E2RRJE, e JZ BT 1A 45 A i 7 P R B 8 (AR A P AR AN R R SO 45 2R o 51 8 3R] T AN T R
SN ZE BB AR = B . A 8(a)-(d) T AFE H, M XERE B i 50 cm 4 200 om, &z B IR 4 #4451
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Figure 7. Damage cloud of PVB layer
& 7. PVB ERYIRIA = E
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Figure 8. Dynamic response of glass structure under different working conditions: (a) 50 cm;
(b) 70 cm; (c) 150 cm; (d) 200 cm
8. PEITR TIHIELAHIEIENZSIIR : (a) 50 cm; (b) 70 cm; (c) 150 cm; (d) 200 cm

9 R T AFRIEME T s Y M B E. MWE 9 hrTbUEH, BEEEIER B3 n, B
RO R LB RIS BTIR A, A AR E R R B, JF HARS M 2R R R AE BT AR /N, 76 50 cm B,
LY [AALASIE R 7.64 cm, TFE 200 cm B, HOG S Y RIAIEEANCE 2.12 em, PR BE 255 i 5T PVB

DOI: 10.12677/m0s.2024.131026 273 A ()


https://doi.org/10.12677/mos.2024.131026

AT

K J2 BIERI RN L

50cm
—70cm
150cm
200cm

0 1 2 3 4 5
IfE] (ms)

Figure 9. Y-direction displacement of the center point at different blast distances
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Figure 10. Energy absorption rate of PVB laminated glass components under case 1
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