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Abstract ; ;In this paper,the damage degree of PVA-ECC-reinforced composite beams under single
and multiple impact is studied by numerical simulation method, and the dynamic response of
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concrete beams, ordinary reinforced concrete beams and PVA-ECC-reinforced composite beams
under single and multiple impact is compared and analyzed. Using ANSYS/LS-DYNA finite
element software , three-dimensional solid models of concrete beam, ordinary reinforced concrete
beam and PVA-ECC-reinforced composite beam are created respectively. Considering the impact
height and impact velocity of different drop hammers, the relationship between the maximum
displacement and impact height in the span, the impact energy consumption and the maximum
displacement impact times in the span,the dynamic response analysis of single and multiple impact
of drop hammer is carried out. The results show that the fracture failure of PVA-ECC-reinforced
composite beam has smaller midspan displacement and recovery rate of deformation than that of
concrete beam and ordinary reinforced concrete beam in the elastic stage, PVA-ECC-reinforced
composite beams have more energy dissipation capacity and impact resistance than ordinary
reinforced concrete structures. The maximum displacement damage assessment index is established
to form the classification of damage assessment grades, which are slight damage , medium damage,
serious damage and failure.

Key words: PVA-ECC; multiple impacts; finite element simulation; middle span displacement;

damage failure.
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Fig.3 Displacement comparison between experimen-

tal test and numerical simulation of the mortar

beam under impact loading
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Table 2 Parameter table of each working condition under single impact

g e TR TR gy
mm m (m-s™!)

1 I 600 s 3 7.67 HiIRGE 3

2 I 600 #rh 3 7.67 30 A VR O 2

3 i} 600 P 3 7.67 PVA-ECC-i{fiii & A%
4 I 600 P 4 8.85 HiREE

5 I 600 r 4 8. 85 30 0 7 i o - 4
6 i} 600 izt 4 8.85 PVA-ECC-#Ali & A%
7 I 600 P 5 9.90 ES(EY

8 I 600 P 5 9.90 3 A A R O R

9 I 600 i3ed 5 9.90 PVA-ECC-Hh B A3
10 I 600 P 6 10. 84 FIREE+ R

11 I 600 P 6 10. 84 0B A TR R
12 I} 600 izl 6 10. 84 PVA-ECC-#{fii & A %
13 i} 600 s 7 11.71 PVA-ECC-#fi & &%
14 I 600 prh 8 12.52 PVA-ECC-HIfili 2 &3
15 i} 600 P 9 13.28 PVA-ECC-i{fiii & &%
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Fig. 4 Time history curve of mid-span displacement
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Fig. 6 Time history diagram of internal energy dissipation of models I,II and III during impact
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Table 5 The 6 values for model 1,11 and III under multiple impacts of different impact heights

G5 hilEE/m kWA RRE 8/% S5 rhilimE/m o wnbkE BRI 8/%
1 3 1 I 0. 16 13 5 2 I 0.28
2 4 1 I 0.17 14 3 2 Il 0.17
3 3 1 Il 0. 14 15 4 2 Il 0.20
4 4 1 I 0. 15 16 5 2 I 0.25
5 5 1 Il 0.20 17 3 3 I 0.28
6 3 1 Il 0.13 18 4 3 I —
7 4 1 | 0.15 19 3 3 | 0.24
8 5 1 Il 0.19 20 4 3 I 0.27
9 3 2 I 0.20 21 5 3 I —
10 4 2 I 0.24 22 3 3 I 0.22
11 3 2 I 0. 18 23 4 3 Il 0.27
12 4 2 I 0.22 24 5 3 I 0.34
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Table 6  Statistical analysis results of component
damage and damage index
Fa BB fitd ek whdnEE, i
ETRe % H/m (mes™') D
3 BRERE B 3 7.67 0. 370
6 BREREY B 4 8.85 0. 443
9 hERE heE 5 9.90 0. 550
12 hERE hE 6 10.84  0.650
13 hEAE A 7 11.71  0.768
14 KAZIE T 8 12.52 0.840
15 i EIFR TE 9 13.28  0.848
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17 B EIFH R 11 14.70  0.948
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