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Table 1 Experimental specimens

No. Total thickness/mm Structure Thickness/mm Quantity of glass layer/piece
Gl 8/0.76/12

G2 20.76 G/PVB/G 10/0.76/10 2

G3 12/0.76/8

G4 6/0.38/8/0.38/10

G5 24.76 G/PVB/G/PVB/G 8/0.38/8/0.38/8 3

G6 10/0.38/8/0.38/6

G7 8/0.38/10/0.38/12

G8 30.76 G/PVB/G/PVB/G 10/0.38/10/0.38/10 3

G9 12/0.38/10/0.38/8
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Fig. 4 Impact-time curves of tempered laminated glass with different thicknesses
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Fig. 5 Displacement-time curves of Fig. 6 Energy-deformation curves of tempered laminated

tempered laminated glass
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Fig. 7 Impact-time curves of tempered laminated glass at fracture state
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Table 2 Experimental results from drop hammer impact test

No. Drop height/mm Impact energy/J Peak impact force/kN Fracture mode

Gl 650 114.802 63.51 Inner and outer glass fracture
G2 700 123.632 73.62 Inner glass fracture

G3 800 141.294 85.54 Inner glass fracture

G4 900 158.960 114.25 Inner glass fracture

G5 850 150.125 95.03 Inner glass fracture

Go6 850 150.125 89.12 Inner and outer glass fracture
G7 850 150.125 142.93 Inner glass fracture

G8 650 114.802 124.36 Inner glass fracture

G9 600 105.970 103.24 Inner glass fracture

24 WMEIENMRNUERBSIFE NI S
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Fig. 8 Strain-time curves of each measuring point of test piece G1
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B3 S 0 20.76 mm I, 3% 3 SN ANZE BOR A R B KR (=) L S () REAS o SR B B
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JEARTR], 3530 1) ool S WA AN [, L A1 2 0 e DR g A8 T PAY J22 0 194 e K s g 38 KA A ), e BLAER
) A vk AR TR, UZ 50 AL e J2 30 049 S0 2= SRR, A2 B IR B, S 2 B 1) 1V A8 N, e el
PERE s = 2 4 AL e J= BT ) S0 2 BT BONE, PA )= R M SJe S BT 4 1A B0 A e el E
U WKL T 25 R 2 38 1 b il PERE .
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Table 3 Maximum tensile strains of the outer glass and maximum compressive strain of the inner glass

No. Test point Strain/107* Glassy layer No. Test point Strain/10™ Glassy layer
1 2.14 4 -1.90

Gl 2 2.24 Gl 5 —2.09
3 2.38 6 —2.00
1 2.17 4 —2.08

G2 2 1.91 Outer glass G2 5 -1.94 Inner glass
3 1.85 6 —2.03
1 2.13 4 —-1.90

G3 2 2.24 G3 5 -2.10
3 2.39 6 —2.00
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Fig. 9 Time evolution of cracks in the specimen G1
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Fig. 10 Final crack distributions of 9 types of glass
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Impact Resistance of Symmetrical and Asymmetric
Tempered Laminated Glass

YAO Fen', ZHANG Yingjie', YAO Pengfei', HAN Yang', LI Zhiqiang'**
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Abstract: Due to good light transmittance and great safety performance, tempered laminated glass has been
widely used in automobiles, high-rise buildings and other fields. To explore the effect of glass thickness
distribution on the impact resistance of tempered laminated glass, the drop hammer impact tests were
performed on nine kinds of PVB tempered laminated glass, and the changes of impact force, strain and
displacement of the tempered laminated glass with time were obtained under unfracture state and fracture
state. Meanwhile, high-speed cameras were used to record the generation and expansion of cracks, and the
crack distributions of the laminated glass were analyzed under the fracture state. The results show that the
impact resistance is closely related to the number of layers and the thickness distribution of tempered
laminated glass. For double-layer tempered laminated glass, when the outer glass is thicker and the inner
glass is thinner, the impact resistance is better. For the three-layer tempered laminated glass, when the outer
glass is thinner and the inner glass is thicker, the impact resistance is better.

Keywords: PVB laminated glass; drop hammer impact test; crack distribution; impact resistance
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