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a. Over view

c. Guide with cover panel

Photo 1 Air cannon to propel missile

Photo 2 Instantaneous pictures of roof tile impact recorded by high-speed video camera
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Photo 3 Opening on laminated glass
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Test

03:24.0m/s \” No4:23.3m/s —

Photo 4 Variation of penetrating speed
with direction of impact

1

Glazed  Glazed matting  Fumigated
mass : 2.8kg 2.7kg 2.8kg
penetrating
missile speed 21.7m/s 20.9m/s 20.9m/s

Photo 5 Roof tiles (JIS,J-type)

o (m/s) ! (mf/s)
. 27.1x & 31.0 x
W 270 A 304A

26.5 x 8 29.4 A

g 26.5 x 8 29.4 x
B 252 A 2l 28.0 A
21.9 x g 28.0 A

il 21.2 x 1271 A
205 A ol 26.7 A
19.4 A N 21.6 A

b. Center

a. Low-left
Photo 6 Variation of penetrating speed
with impacting location

Table 1 Applicable missiles of 1ISO 16932

Missile Impact speed

(tolerance)

Type

39.7m/s (£1%)
12.2m/s (£2%)
15.3m/s (+=2%)
24.4mfs (£1%)
22.4m/s (£2%)

A 2£0.1g (small steel ball)
B 2.05%0.1kg (2x4 lumber)
C  4.1%0.1kg (2x4 lumber)
D 4.1%0.1kg (2x4 lumber)
E  6.820.1kg (2x4 lumber)

TE 5, Hlzix, HiIZL26bEH 7 A5mm+60mil
OB EHEEIL20.5m/sTH VY, Effile i % o
INBERIE, TSORIMEIC X D INEIKCTIEBH A 7 C21.7
m/s, CHA 7 Tl4. 4n/s, Y —/NA 7 3 —3kgDE &
HOARM TliX16.3m/st 7257,
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Table 2 Difference of un-penetrating missile speed with variation of tested laminated glasses

Type of laminated glass Location of impact

Thickness Roof tile Missile of 1SO
glass+ laminate + glass Low-left Center Low-left
5mm-+30mil+5mm 16.1 20.8 —
6mm+30mil+6mm 16.8 19.0 B:14.1
3mm+60mil+3mm 13.4 — —
5mm+60mil+5mm 20.5 28.0 B:21.7, 3kg:16.3, C:14.4
5mm+90mil+5mm 27.8< — —

Meaning of symbols
— : Not tested
B, C : Missile type of 1ISO 16932
3kg : 2x4 lumber

Table 3 Recommended reference missile for the standard impact test

Type Equivalent ISO missile type mass and speed
a A (2gx10, 39.7m/s) 2g (Small steal ball) , 40m/s
b Middle between Aand B [New] 1kg (2x4 lumber) , 15m/s
c B (2.05kg, 12.2m/s) 2kg (2x4 lumber) , 13m/s

Middle between B and C [New]
(Equivalent to roof tile with speed of 20m/s)

3kg (2x4 lumber) , 16m/s

e C (4.10kg, 15.3m/s) 4kg (2x4 lumber) , 16m/s
f D (4.10kg, 24.4m/s) 4kg (2x4 lumber) , 25m/s
g E (6.80kg, 22.4m/s) 7kg (2x4 lumber) , 22m/s
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1ISO 16932 : Glass in building— Destructive - windstorm
- resistant security glazing— Test and classification.

ASTM E1996-04 Standard
Performance of Exterior Windows, Curtain Walls,

Specification for
Doors, and Impact Protective Systems Impacted by

Windborne Debris in Hurricanes, ASTM (American
Society for Testing and Materials) Standard.

(X ZIHH : 201246R8H)

Resistant and Failure Characteristics of Laminated Glass Impacted by Roof Tile

Takashi MARUYAMA, Hiromasa KAWAI, Masato KAMO and Hiroaki NISHIMURA®

(1) General Building Research Corporation of Japan

Synopsis
Impact resistant test of glazing was carried out by using a newly developed air-cannon, that is a
missile-propulsion device. Resistant and failure characteristics of laminated glass were investigated by roof
tile missile. A series of tests was carried out by varying the impact speed, the kind of roof tile, the impact
location of roof tile and the location of the glass where impacted. The results were compared with the
specification of 1ISO16932 and the reference missile for the standard impact test in Japan was proposed.

Keywords: roof tile, impact resistant test, laminated glass, flying debris, ISO 16932, reference missile
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