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Table 1 Hail size and calculated values of fall velocity

e H 4% D/mm B v/(mes™) Wik 7y
INK 30 25 LON
K 50 35 RK
KUK 100 45 i

Sehr TREr, BRI RS — M 4 Rl
S5mm; BT 8 1.5 mx1.0 m. 1.5 mx0.8 m.
1.0 mx1.0 mo  ASSCUH 50 35308 J5 B AT~ 1t X))
PL 4 mm Al 1.5 mx1.0 m A FEHE R ), B35 a5 5.
6+ 8. 10, 12 mm, BFEV10fGTIEAFE 1.5 mx0.8 m.
1.0 mx1.0 mo
1.2 BREBE@RERE

VKE SIS solid164 FRIG. 15 FHAT BR G AL
ANSYS/LS-DYNA (1) = 4k & X 5)) 77 40 B 455 24 4t A
LU S 1B 380 DK RS 2 0 4 1) B 305, A R P P oK
PP AR BENL = JE . UK Rk B L AT BENLME, B
] 58 bR, AR LS HIERIKE K E, TR UK R 1
B K 26 N/mi,

1.3 #HREay

PR} g k% 1) ) R A% 0 o TR R R 3 A
PERE IR, A MR S, W B A O F
Cetan=0) o HUSZ s i I 3 55 T PR SR E, MoEZ K
5 B RN, S RN AR IR RO F
Cepf=0) , BI—7= LS8 PE N AR gl IR o B0k 2 h7 ik B it
Prom Iy, BOREIAEIR Y, R e SO T A RNRL B
5 FEE AN FH A5 P B R VR

LY. ) ofPa

; enf P
] pif

e eBORMBINAS, TR oRamMEN T, Pas sigy R FEHFIBUR R
FE, Pas prf FORMEHHURIHEL, Pa, FPRIREEILBIHUR BRI RN
KRR s epf FORPPRHRBMEIENAS, TEi s, A AR B, 1K
epf=0 BIAAARE= B0k B AR IN A RIS o

B 1 MAEA-REEX AR GE

Fig.1 Stress-strain curve of material
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Fig.2 Maximum normal stress-time curve of glass plate under
impact of hail falling at same and at random
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Fig.3 Stress distribution of glass plate under impact of hail with
different diameter
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Fig.4 Stress distribution of glass plate with different thickness
under impact of hail
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Fig.5 Stress distribution of glass plate with different plane size
under impact of hail
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Fig.6 Maximum normal stress-time curve of glass plate with
different plane size
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Fig.7 Stress distribution of glass plate with simply supported on
four sides under impact of hail
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Fig.8 Maximum normal stress-time curve of glass plate with
different support
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Numerical simulation on damage behavior of greenhouse glass
under hail impact

Ding Min, Shi Xudong, Zhou Rui, Deng Xiaohuan, Jiang Xiugen™
(College of Water Conservancy and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to analyze hail resistant behavior of greenhouse glass, the numerical simulation on the overall process of
random hail impacting greenhouse glass were carried out by using finite element analysis software ANSYS/LS-DYNA with
consideration of hail randomness. The failure modes of greenhouse glass under the impact of hail with different diameter
were obtained. And also the failure modes of greenhouse glass with different thickness, different plane size and different
constraints under the impact of hail were discussed respectively. At the same time, hail resistant behavior of greenhouse
glass was evaluated. The results showed that the effects due to hail flock impacting glass plate was not equal to that due to
single hail impacting glass plate. Glass plate 4 mm in thickness could nearly meet the hail resistant requirements of most
glass greenhouse. It’s suggested that ratio of glass plate length to its width were about 1.5. It was not reliable to improve the
hail resistant behavior of greenhouse glass by regulating glass plate constraints. It should be the main aim of hail resistant
design of glass greenhouse to ensure the global stability of glass plate under the impact of hail and no large cracks or debris.
The fruits were useful to the hail resistant design of greenhouse.

Key words: glass, impact testing, damage tolerance, hail resistant behavior, numerical simulation



