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Impact Behavior and Impact Analysis of Reinforced Concrete Walls
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Abstract

Concrete containment walls and barrier walls of internal and external facilities in safety-related
structures such as nuclear power plants are required to be designed to withstand the effects of impact
loads. These impact forces may cause serious damage to the walls and result in a failure of major
structures, The mmportant phenomena of penetration, perforation and scabbing must be thereforce con-
sidered in the design of those structures that are subject to impact loads.

The present study focuses on the local and global behavior of reinforced concrete walls under impact
loads. A method of calculating the penetration depth under impact forces is derived. Theoretical formulas
for the penetration depth and perforation thickness under impact forces are also proposed. The concept of
critical spalling velocity under elastic and plastic contacts 15 also discussed. The present study allows
more realistic analysis and design of reinforced concrete structures under impact loads,

Keywords : Impact loads, impact analysis, reinforced concrete walls, penetration, perforation, scabbing,
nuclear power plants, spalling velocity, local and global behavior,
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Table 1. Comparisons of characteristics of various impact

formulas
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Fig.6 Impact velocity-penetration depth curve

Fig.7 Analysis model for perforation of a wall

Table 3. Experimental results for penetration depths by Sliter

Missile parameter Target parameter Observed local effects
Weight ] Diameter Velocity Thickness Strength Thickness Penetration Depth/Diameter
(£bs) y (in} (ft/sec) (in) (pst) [Dhameter h/d depth (in) Xjd
213.00 3.00 161 150 4500 3.2 2.00 0.25
213.00 3.00 295 24.0 4775 3.00 3.00 0.38
12.50 3.00 39 1.5 3210 1.50 0.19 0.06
12,70 3.00 101 6.0 3620 2.00 0.15 0.05
12.70 3.00 135 6.0 3820 2.00 0.13 0.04
12.60 3.00 183 6.0 4400 2.00 0.37 0.12
23.50 3.00 95 6.0 3820 2.00 0.19 0.06
8.04 1.00 150 .0 4810 6.00 1.20 1.20
8.04 1.00 ] 213 6.0 5910 6.00 1.6 1.60
3.04 100 220 6.0 5940 6.00 2.00 2.00
3.04 1.00 203 4.0 5760 9.00 1.70 1.70
8.00 1.00 303 18.0 3650 18.00 3.60 3.60
%.00 1.00 435 12.0 3545 12.00 5.80 5.80
245 177 44 9.1 4725 5.14 1.69 0.95
245 1.77 538 9.1 1970 5.14 1.81 1.02
245 1.77 495 9.1 5175 5.14 1.53 0.86
2.45 1.77 | 6554 9.1 5855 5.14 1.61 .91
245 1.77 88 9.1 4725 5.14 216 1.22
2.45 177 675 9.1 4970 514 2.28 1.29
245 1.77 711 9.1 5175 5.14 2.32 1.31
2.45 1.77 ; 675 4.1 5855 5.14 2.28 1.29
4.96 1.77 508 9.1 4725 514 2.68 151
4.96 1.77 508 9.1 4970 5.14 3.07 1.73
4.96 1.77 515 9.1 5175 5.14 2.79 1.58
1.96 177 515 9.1 5855 5.14 279 1.58
1.97 1.57 915 138 6088 8.79 2.28 1.45
1.97 1.57 741 15.7 5533 10.00 2.32 1.48
L97 1.57 479 16.7 5136 10.00 157 1.00
1.97 1.57 768 15.7 6103 10.00 2.36 1.50
1.01 1.57 479 13.8 5533 8.79 1.02 0.65
1.01 1.57 538 15.7 5733 10.00 1.22 0.78
1.01 1.57 955 15.7 5733 10.00 1.73 1.10
024 | 0.79 833 9.8 6131 1241 0.98 1.24
0.26 i 0.79 623 11.8 6131 14.94 0.94 1.19
0.26 0.79 909 118 5719 14.94 1.30 1.65

(%1 inch==254cm, 1 ft=30.48cm, 1 psi=0.07kg/cm?)

4N 23, 19926.
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Table 4. Various parameters for missile and wall

Missile characteristics ) Reinforced concrete plate Impact condition

Olgral shape ‘ Slug Plate size & thickness 10ft square, 20t Plastic impact
Nose i Sharp B Supports clamped edge
shape | nose Rebar arrangement both sides & directions o

2 - - - —- Rigid impact

_ Diameter 8 In Remforc?ment ratio Comp.=tens, 0.0075
Material & Steel Cover 2 inch ) Low &eloaty impact

Elastic modulus ¢ ,EL‘,:,SOXI@,S},,,, ] Compr&ssweritzeggt}} ] 4500 pst  Impact location | Center of plate

Weight 213 1b Yield strength 40,000 pst Incident angle Normal(30°)
Poisson's rato | w=1/6 w=103 Yaw Straight

(1 inch=254cm, 1 ft=30.48cm. 1 psi=0.07kg/cm?)
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Table 5. Calculation results for penetration depths
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