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Experimental and Numerical Simulation Research on Penetration

Resistance of Prestressed Reinforced Concrete Structure
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(China Nuclear Power Engineering Co. Ltd., Beijing 100840, China)

Abstract: Prestressed reinforced concrete structures are still the commonly used structural form for
containment buildings in large pressurized water reactor nuclear power plants. In addition to meeting
basic functional requirements, the structures of nuclear power plants may also face various impact
events, such as impacts from tornado-borne projectiles, accidental crashes of small airplanes, and the
impacts of commercial airliner collisions. Conducting research on the penetration resistance of
prestressed reinforced concrete structures can provide important references for assessing and analyzing
the structural state in relevant accident scenarios. At present, the basic experimental research on the
penetration resistance of prestressed reinforced concrete structures is lacking, and the research on the
enhancement effect of the existence of prestressing on the structural penetration resistance is
insufficient. Therefore, the experimental research on the penetration resistance of prestressed reinforced

concrete structures was conducted and a numerical simulation method through experimental calibration
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was established. On this basis, the enhancement effect of prestressing on the penetration resistance of
the structure was further explored. The experimental results indicate that prestressing has a minimal
impact on the depth of the cratering on the front face of the concrete target, but the application of initial
prestressing increases the extent of the cratering on the front face. Further numerical simulations were
conducted to reproduce the entire experimental process. The numerical simulation results are very
consistent with the experimental results, validating the effectiveness of the constitutive model,
parameter selection, and finite element analysis method used. Finally, based on the numerical
simulation method, the anti-penetration ability of prestressed reinforced concrete target plate under
different penetration speeds was calculated and analyzed. The overall analysis results indicate that
prestressing has a minor effect on the penetration resistance of the target plate. The increased confining
pressure due to prestressing increases the resistance encountered by the projectile passing through the

target plate, resulting in a reduced residual velocity of the projectile compared to that when it penetrates

Hi58%:

a normal target plate.
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Table 1 Experimental condition
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Table 2 Target plate damage

3 B AR/mm e A/ mm "
A vo/(m/s) hy/mm d,/mm AR
d, d, dy d, d, d) d; d;
1 339 152 335 310 280 340 316 TG+ B ICH
2 388 190 380 400 375 400 389 170 710 IEHIFYTHS R
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Table 3 Projectile condition

T HOMR Y v(m/s) Myg LJmm MJg L/mm

1 PSRRI 339 857 258 852 253
2 FENAIREELILN 388 846 258 839 252
3 TN IWAIREELRIA 344 859 258 853 254
4 TN IWARIREELAIA 382 850 258 842 253
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Fig. 5 Damage diameter measurement diagram of target plate
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Table 4 Constitutive model parameter of concrete
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Table S Constitutive model parameter of reinforcement and prestressing reinforcement

ke plkgm™) E/GPa v f/MPa E/MPa &
Cls™! P
#10 mm N7 7 800 200 0.3 500 1990 40 5 0.21
$32 mm 5N 7 800 200 0.3 520 2180 40 5 021
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Table 6 Constitutive model and state equation parameter of projectile!**!
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Fig. 11 Damage pattern determination method of target plate
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