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Fig.1 Tempered glass specimens
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Table 1 The chenical.composition of the tempered glass specimen employed

Oxides SiO, Na,O CaO MgO Al,O4 Fe,0; Others

Wt % 76.6 107 8.4 3.5 0.4 0.2 0.2
L1 ERSESRR R

A8 H 70 RERGALOMTS) EATHERR S I, 4B 2 P . BN EAZ 10 mm. K 15 mm
RIEAE, WL TAREREAT O E IO ALEE . RS Sk Z [N BRAG FS 2R . D/ IN BE RN
TERFE P IR AU AR . NGB E N 0.1 mm/min. 1 mm/min. 10 mm/min, & THFEAT 3 IR
HE LK.

B2 v A il s X

Fig.2 Quasi-static axial compression tests
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Fig.3 Typical stress-strain curves (at a strain rate ofsl0# s™)
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Table 2 Quasi-static axial compression-test results

No. Strain rate/ s'! Compressive strength/MPa Average/MPa Std. dev./MPa Elastic modulus/GPa
Al 615.24

A2 103 625.67 021,45 5.49 74.22

A3 623.44

A4 639.56

AS 104 630.79 638.69 7.51 69.98

A6 645.73

A7 608:28

A8 107 6DK94 606.18 7.05 70.34

A9 598.32

1.2 BREEREABERRAWN

S MTS SEAT 80338 P i 25 B2 PG [ 23 B 30, XFF N B4R 10 mm /57 10 mm (B4,
FEIRFE 5 B A4S S MING & K FE IS K TR K B2 PTFE 3K5%, WRERA /1350 nEk, il 4 fos.
JNE N AR R W E 04 mm/min. 1 mm/min. 10 mm/min, AN LT 3 IRE SR . 0 FEIR
FE (AR 8 B HPLL T~ A A5 H

Ors :ﬂ
ndh (1)

e o RERMGREE, P, KBRS, d A A 5RlidFEER S K.

R 3AH TEZRGMLE R, 76105 s1~103 s N AR ZE 3 53 N AR RGN, KRNI
BEEARRIAR 264 R IR M e oA e,  HCFI1E 81 MPa 1E AN AL 8 (1 HE B S h A5 i
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Fig.4 Schematic diagram of brazilian disc splitting test
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Table 3 Brazilian disc splitting test results

No. Strain rate /s! Tensile strength/MPa Std. dev./MPa Average/MPa
Bl 78.29

B2 10 78.50 3.35 80.33

B3 84.20

B4 88.35

B5 104 86.56 3.91 85.26

B6 80.87

B7 79.08

B8 107 77.65 180 77.41

B9 75.50

1.3 FhrSELRAE

K1 SHPB 3¢ B 64N A 0 BEAT 8 35 A 6 Qo e BN 1&] 5 fios e AT i i B 5 <4
BAE9 50 mm, AN SRR ATZE A I RE 53 53 93000 mun H1 2500 mm. i G5 RN SR IR R 22
BB N EAR 30 mm, K 15 mm FYBFE . OUOREEE RO, 72 BURE AT F R b i b iR FL Ak
B 6 45 1 Bl s ik 6 ) S FRL BT AN AS [ 82 38 227 R g AR i 2
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Fig.5 Schematic diagram of the SHPB test setup
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Fig.7 Mérphology of fragments under quasi-static loading
NI SN A B AE A RIS A 1 N BRI, R IS i RE e i A B, A P 37 B
H BRI hE 8 T, EBISIEA AT, PR IR S b 35 A8 2 (1 2
e S T ER R MR R e Ak R KO, AR AR (4R S SRR T B R R AR B O 3 R Ay
RGPt . AN BRI SR T RSN O s, RIS SRS B T ST fe it . AL
2 W 2R B AR AR IR AT SR A SR N BAR T, T OB SR [ O (R BR Y
[l L2680 FONTANE (112, YR A R A 5 17 REUEY e R rh 52 BIIRBh ( A% 3k e 42
KA X, A REURI A RHE BT VS A 4E F R R A2 R BRIV T s A ity s AN R b i SR S A
TSR EAZICN, SAER ORI SRR SR EN SRR R E G5 . =35 70 Bl BERA
IR 0 X SIEE, IXRUIM BRI AR IR e i im R e S gt i /2, & TH-2 R R 40 47
AL BB BHOW R B I B AR EL



[ 7/ B R O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

N Py
500 pm — 100 1m / /

“
y

(a) 420 s'strain rate

500 pm 100 pm

100 pm

" Cleavage step

Hackle linc

B9 AL B s b RS
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Table 4 Experimental datal'®! by plate impact tests and the corresponding calculation results

total

o u P/GPa P* - /GPa O; O—/- D L2 g:las/i( flmlic ng g/{
/GPa /GPa /GPa

8.7 0.149 5.00 1.33 5.55 8.79 3.53 0.62 0.130 0.110 0.020 0.032 0.021

9.8 0.181 591 1.58 5.83 9.88 4.05 0.70  0.153  0.110 0.043  0.062 0.042

10.6 0.198 640 1.71 6.30 10.45 4.33 0.68 0.165 0.110 0.055 0.081 0.054
11.0 0216  6.93 1.85 6.10 11.06 4.63 0.77 0.178 0.110  0.068 0.088 0.058
11.6 0224  7.18 1.91 6.64 11.32 4.76 0.72 0.183 0.110 0.073  0.102 0.068
14.2 0289 936 250 7.27 13.65 593 0.83 0.224 0.110 0.114 0.138 0.092
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Table 5 Parameters of the JH-2 constitutive model for tempered glass

pl/(kg'm) G/GPa K/GPa K,/GPa K;3/GPa T/GPa o, /GPa P, /GPa
2530 29.3 42.6 -87.7 181 0.054 7.5 3.75
4 B C M N D, D, Sina
0.92 0.36 0.00316 0.83 0.71 0.019 1.77 0.5
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Fig.16 Typical shock tube pressure profile
* 6 IS AL R

Table 6 Comparison of test and simulation predicted results

No. P /kPa ts/ms I./kPa-ms Fracture(test) Fracture(simulation)
2-1 98 52 198 x x
2-2 163 2.5 96 V x
2-3 89 5.1 177 x x
2-4 220 6.8 512 x x
2-5 185 6.1 379 x x
2-6 332 34 348 V V
2-7 417 33 421 V V
2-8 800 4.8 1008 V V
R 7 MCRBBIFEIREN QW EMRG = E
Table 7 Stress and damage contours during the fracture process of tempered glass
Time/us Fracture morphology Stress contour Damage contour
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(a) Experiment (b) Updated JH-2 model  (c) Holmquist!®! (d) Shil!7!
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Fig.17 Comparison of model parameter damage contours between this study and other literature
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Table 8 Numerical solution for the critical overpressure-impulse threshold

No. Pa/kPa I./kPa-ms No, Pa/kPa 1,/kPa-ms
1 236 4476 8 312 78
2 237 630 9 352 62
3 241 332 10 417 53
4 262 275 11 478 45
5 272 170 12 660 40
6 285 152 13 1814 37
7 302 109 14 4025 36

RO, P B M MR Ay
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Af: 4, pREEPNRS IR ERH RMEEL Py 1o 535 8 R (S 5 I U5 b
L.
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(P —235)(I —35) =2.36(

235435, 4
)

2 (26)
AR FE A SR I, P-T 55505 1 ok AT 25 TR AN AN X I8, 2 T e X, A Ly
IR . BRI EAE T I 5L 235 kPa, B pEHERE, HCBES A SRR, R, i
RS MR AR TG FLE 35 kPa-ms, BIEEIEMIRE, LB KA. P-1 k5 b i 2
=35 kPa-ms [IEB5 s AR X, AHRHE A S e T3 wh i, 3 LT 720 B 0 245 0 30 A
YA SEARIESNELE P=235  kPa MM AHERS S INERIX, S5H4 70 2 MR R BIA AT,
FOI R e T A A R AL, 3 T T U 2 A AT 2 (0 P s 8 TR R 3 4 B
INERIK, VR B AR T R AL R s . I A A AN AL T T8 P-1 S v I A e, i
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Fig.18 Pressure-Impulse diagram for 2 mm thick tempered glags
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JH-2 Constitutive Model Parameters’and*Blast Damage Criterion for Tempered

Glass
DU Haoytan, HAN Lei, REN Yunyan, JIANG Bonan

(State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing
100081, China)

Abstract: Tempered.glass\is widely used in building structures, and its failure behavior under blast loading
is crucial for safety désign and explosion damage assessment. In this study, the mechanical responses and
failure mechanisms-oftempered glass under quasi-static and high strain-rate loading were investigated using
a universal testing/machine, a split Hopkinson pressure bar, and scanning electron microscopy. Based on the
experimental results, the parameters of the Johnson-Holmquist-Ceramics (JH-2) constitutive model were
determined for tempered glass. Controlled blast loading experiments were subsequently conducted using a
shock tube, and a finite element model was established to simulate the dynamic response and damage process.
Comparisons between experimental observations and numerical results confirmed the validity of the
calibrated constitutive parameters. Using the validated model parameters, numerical simulations were
performed to establish the pressure-impulse (P-I) damage curve for a clamped tempered glass plate subjected
to blast shock waves. The results provide a theoretical basis for the blast-resistant design and damage
assessment of tempered glass structures.

Keywords: tempered glass; mechanical properties; JH-2 constitutive model; pressure-impulse damage
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