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a b s t r a c t

Investigations of the commercial aircraft impact effect on nuclear island infrastructures have been
drawing extensive attention, and this paper aims to perform the safety assessment of Generation III
nuclear power plant (NPP) buildings subjected to typical commercial aircrafts crash. At present Part III,
the local damage of the rigid components of aircraft, e.g., engine and landing gear, impacting the steel
concrete (SC) structures of NPP containment is mainly discussed. Two typical SC target panels with the
thicknesses of 40 mm and 100 mm, as well as the steel cylindrical projectile with a mass of 2.15 kg and a
diameter of 80 mm are fabricated. By using a large-caliber air gas gun, both the projectile penetration
and perforation test are conducted, in which the striking velocities were ranged from 96 m/s to 157 m/s.
The bulging velocity and the maximal deflection of rear steel plate, as well as penetration depth of
projectile are derived, and the local deformation and failure modes of SC panels are assessed experi-
mentally. Then, the commercial finite element program LS-DYNA is utilized to perform the numerical
simulations, by comparisons with the experimental and simulated projectile impact process and SC panel
damage, the numerical algorithm, constitutive models and the corresponding parameters are verified.
The present work can provide helpful references for the evaluation of the local impact resistance of NPP
buildings against the aircraft engine.
© 2019 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The 9/11 terrorist attacks triggered the worldwide awareness of
the potential threat of aircraft collisions to the key infrastructures.
Since a large amount of radioactive materials is stored in the nu-
clear power plant (NPP) buildings, terrorists are more likely to re-
gard it as the attacking targets by hijacking aircrafts, thus it is
specified that the newly designed NPP require an assessment of the
large commercial aircraft impact effects through realistic analyses
[1e6]. From 2006 to 2016, US Department of Energy [1], US Nuclear
Energy Institute [2,3] and US Nuclear Regulatory Commission [4,5],
as well as the National Nuclear Safety Administration of China [6]
successively issued the regulation and guidance for the
.

by Elsevier Korea LLC. This is an
assessment of NPP structural damage and facility vibrations under
aircraft impact. In the reports Safety Aspects of Nuclear Power Plants
in Human Induced External Events issued by International Atomic
Energy Agency (IAEA) [7e9], the main catastrophic accidents of
NPP buildings under the aircraft collisions are: (i) impact induced
global and local damage and failure; (ii) impact induced vibrations
of structures, systems and components; (iii) the leakage of fuel tank
induced fire during aircraft impact. During the aircraft collision,
among all aircraft components, the massive rigid components, e.g.,
engine and landing gear, would quite likely detach from the aircraft
wings due to great deceleration. The impact of the engine and
landing gear with high velocity will lead to the deepest local
penetration and even perforation of NPP buildings. For example, a
prototype F-4 Phantom fighter impact test conducted by Sugano
et al. [10] showed that the corresponding engine impact zone
suffered deeper penetration depth with a maximum value of about
60 mm, while only about 20 mm for the aircraft fuselage impact.
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Hence, apart from the global impact effect induced by the aircraft
fuselage, the local impact damage caused by the aircraft engine
needs to be investigated separately.

In the existing studies, Sugano et al. [11,12] conducted system-
atic prototype and scaled aircraft engine impact test on the con-
crete panels with the compressive strengths ranged from 23.5 MPa
to 35.3 MPa. Based on the three scaled sets of impact tests, i.e.,
small- (1/7.5), intermediate- (1/2.5), and full-scale tests, the
detailed local damage of concrete panel was studied, and the
applicability of similarity law was validated. Lawver et al. [13]
performed a prototype TF-30 engine impact test on the concrete
panel with the velocity of about 107 m/s to provide test data to
calibrate and validate the numerical models, inwhich the thickness
and compressive strength of concrete panel were about 0.61 m and
33.3 MPa, respectively. Riedel et al. [14] conducted a series of
aircraft engine model impact test on Ultra high performance con-
crete (UHPC) panels with the striking velocities of 194.7 m/
Fig. 1. SC target panels (a) reinforcement a
s~368.6 m/s. The engine missile was 1/10 scaled model according
to the work of Sugano et al. [11,12], and the panel was 100mm thick
with the steel fiber volumetric ratio of 1% and the average
compressive strength of ~185 MPa. Furthermore, the above test is
numerically simulated by Thai and Kim [15,16], and the influences
of UHPC panel thickness on the target damage under the aircraft
engine impact are discussed.

As for the steel concrete (SC) target, Kim [17] performed 1/10
scaled rigid projectile impacting test on the SC target panel, in
which the projectile diameters are 150 mm, the panel thicknesses
are 175 mm and 250 mmwith the steel plate thicknesses of 4 mm
and 6 mm, respectively. The initial and residual missile velocity,
strain and acceleration of the back plate as well as the local failure
mode were assessed. Tsubota et al. [18] conducted fifty rigid pro-
jectile shots on RC and SC panels, and it was found that, the effect of
rear attached steel liner to a RC plate in preventing the local damage
caused by the rigid projectiles is remarkable, while the front
nd dimensions in mm (b) photograph.
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attached steel liner has relative slight effect. Furthermore, the
formulae for predicting the equivalent concrete thicknesses for
perforation, splitting and bulging were proposed. By performing
twenty-six shots of blunt rigid projectile impacting test on RC and
SC target plates, the influences of reinforcement ratio, location of
reinforcement mesh and steel lining arrangement on the projectile
impact resistance are studied by Abdel-Kader and Fouda [19].
Mizuno et al. [20] performed the deformable aircraft model (mass
of 25 kg and length of 1.35 m) impacting test on both full SC (FSC)
and half SC (HSC) panels, where the FSC panel has steel plates on
both surface of concretewhile the HSC panel has a steel plate on the
rear face of concrete and rebar mesh on the front face. It indicated
that, the rear steel plate has a significant effect in preventing
scattering of scabbed concrete debris, and SC panels have much
Fig. 3. (a) Test setup (b)

Fig. 2. Projectile (a) geometry and dimension (b) photograph.
better impact resistant than RC panels, enabling the panel thickness
to be reduced by nearly 30%.

As for the theoretical model of SC target panel under rigid
projectile impact, Bruhl [21] proposed a three-step method for
designing SC walls subjected to missile impact, which was verified
based on the complete experimental database of 130missile impact
tests on SC wall [18e20,22e24]. Grisaro and Dancygier [25]
established the model to convert steel plate to equivalent con-
crete across a range of concrete and steel strengths and projectile
mass and diameters. Wu et al. [26] performed twenty-five shot of
hard ogival nosed projectile perforation test on the monolithic and
segmented RC panels with a rear steel liner, the impact resistances
of layered RC and SC targets were analyzed quantitatively, and the
proposed equivalent approach in Ref. [25] was further evaluated.
Based on the scaled aircraft model impact test conducted by Miz-
uno et al. [20], Lee and Kim [27] evaluated the impact resistance of
SC and RC panels numerically by using the commercial software LS-
DYNA. By assessing the influences of core concrete thickness and
steel ratios on the failure mode, damage size, and displacement of
above two typical panels, it is derived that the SC panel has better
impact resistance than RC panel, and the corresponding optimal
design approach was proposed.

Concerning the Generation III NPP reactor, this paper aims to
perform the safety assessment of NPP buildings subjected to typical
commercial aircrafts crash. In the previous Part I [28] and Part II
[29], the global damage of NPP containment and auxiliary buildings
subjected to the impact of two typical commercial aircrafts A320
and A380, as well as the impact induced structural vibrations are
mainly studied. In this part of the paper, the local damage of engine
impacting the SC wall of NPP containment is mainly discussed.
Attributed to the concentrated mass and rigidity of the aircraft
steel reaction frame.
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engine, the terminal ballistic performance of which can be evalu-
ated according to a rigid projectile from the conservative aspect. It
should be pointed out that, the actual aircraft engine diameter is
comparable or larger than the wall thickness of the NPP contain-
ment and auxiliary buildings, while the projectiles diameters are
relatively smaller in the previous test. At present, two typical FSC
target panel with the thicknesses of 40 mm and 100 mm, as well as
the steel cylindrical projectile with a mass of 2.15 kg and a diameter
of 80 mm are fabricated. By using a large-caliber air gas gun, both
the projectile penetration and perforation test are conducted, in
which the striking velocities were ranged from 96 m/s to 157 m/s
corresponding to the taking off/landing and cruising speed of the
aircraft. The bulging velocity and the maximal deflection of rear
steel plate, penetration depth of projectile are derived. The local
deformation and failure modes of SC panels are assessed experi-
mentally. Then, the commercial finite element program LS-DYNA
[30] is utilized to perform the numerical simulations, the simu-
lated results are compared with the test data to verify the valida-
tions of the numerical algorithm, constitutive models and the
corresponding parameters. The related work and conclusions can
be referred to evaluate the local impact resistance of NPP buildings
subjected to the aircraft engine.

2. Test

Aiming to assess the local deformation and failure modes of SC
panels under large caliber hard projectile impact, in this section,
Table 1
Perforation test data.

No. Striking
velocity (m/s)

Bulging velocity
of rear steel
plate (m/s)

Maximal deflection
of rear steel
plate (mm)

Rear crater
diameter (cm)

FSC40-1 157 125 7.0 13.95
FSC40-2 107 73 7.0 17.88
FSC40-3 127 86 14.0 15.75
FSC40-4 104 62 e 18.00

Table 2
Penetration test data.

No. Striking
velocity (m/s)

Maximal bulging deflection
of rear steel plate (mm)

Penetration
depth (mm)

FSC100-1 116 21.0 18.15
FSC100-2 102 16.0 13.75
FSC100-3 122 38.5 38.43
FSC100-4 96 10.0 9.00

Fig. 4. Damage of FSC40-1 panel (a) side view (b) f
both the projectile perforation and penetration test on SC target
panels are conducted.

2.1. SC target panel

Practically, the diameter of the commercial aircraft engine is
larger than thewall thickness of the NPP containment and auxiliary
buildings. For example, the diameter of the Trent 900 engine of
A380 is 2.95 m, while the concrete wall thickness of NPP contain-
ment is 0.9 m. At present, the 1/20 scaled SC target panels with two
configurations are prepared for the projectile perforation and
penetration tests, the schematic view and photograph are shown in
Fig. 1. The core concrete plate has a thickness of 40 mm and two
steel plates with the thickness of 1 mm are attached on the front
and rear faces of the concrete plate. The two steel plates are con-
nected with the tie bars with the diameter of 2 mm and the dis-
tance of 50 mm. The tie bars are not arranged in the central region
with the dimension of 300 mm � 300 mm, it is beneficial to
analyze the terminal ballistic parameters of the projectile and
regraded as conservative for the design of SC panel. Besides, aiming
to prevent the collapse of the target after projectile impact, the
concrete plate is reinforced by the single layered steel reinforcing
mesh with the diameter of 5 mm and the distance of 100 mm.
Considering that the local responses of target panels occur under
projectile impact, the surrounding steel mesh is regarded has slight
influences on the deformation of target panel and ballistic pa-
rameters of projectile. Simultaneously, three cubic control speci-
mens with the dimension of 150 � 150 � 150 mm3 were cast and
tested, the uniaxial compressive strength and density of the con-
crete are 34 MPa and 2.5 � 103 kg/m3, respectively.

2.2. Projectile

Considering that the launching capacity, geometric similarity
with the actual engine, and the shear plugging failure of the target,
the flat nosed cylindrical projectiles are adopted. The projectiles are
machined from 45# steel which has a mass of 2.15 kg, the corre-
sponding geometry and dimensions are given in Fig. 2(a). The
recovered projectiles after both the perforation and penetration
test indicate that the projectiles have negligible deformations
during the impact process, they can be treated as rigid bodies. For
the visibility of the high-speed video, the projectiles were painted
with the black and white strips as shown in Fig. 2(b).

2.3. Setup

During the test, the projectiles are propelled with a large-caliber
ront face (c) rear face (d) recovered projectile.



Fig. 6. Damage of FSC40-3 panel (a) side view (b) front face (c) rear face.

Fig. 5. Damage of FSC40-2 panel (a) side view (b) front face (c) rear face.
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air gas gun developed by Institute of Systems Engineering, China
Academy of Engineering Physics (ISE, CAEP) to reach the designed
impact velocity, and the air gas gun is shown in Fig. 3(a). Since the
diameter of engine model (80 mm) was smaller than the barrel
caliber of the air gas gun (250mm), thus the sub-caliber technology
was utilized. Before impact, the projectile was fittedwith a specially
designed aluminum sabot and an oak obturator which fit snugly
into the gun barrel, as shown in Fig. 3(a). When the projectile with
the sabot was propelled out of the barrel, the two pieces of sabots
will be separated aerodynamically and blocked by the steel baffle,
only the projectile pass through the steel baffle and impacted the
target panel.
Fig. 7. Damage of FSC40-4 panel (a) front face (b) rear face.
As shown in Fig. 3(b), during the test, the SC target panel was
mounted on a stationary stiff steel reaction frame by four horizontal
angle irons on both top and bottom sides against movement in both
directions. The target panel was mounted perpendicularly to the air
gas gun, which also guarantee that the engine missile impacted on
the panel center. The whole collision process is recorded by the
high speed camera located aside the panel, thus the engine missile
velocities could be obtained. For the total eight shots, no visible
movement of the target was observed in the high-speed impact
videos.
2.4. Results

2.4.1. Test data
Table 1 and Table 2 list the experimental data for the perforation
Fig. 8. Damage of FSC100-1 panel (a) side view (b) front face (c) rear face.



Fig. 9. Damage of FSC100-2 panel (a) side view (b) front face (c) rear face.

Fig. 10. Damage of FSC100-3 panel (a) side view (b) front face (c) rear face.

Fig. 11. Damage of FSC100-4 panel (a) side view (b) front face (c) rear face.

Fig. 12. FE models (a) FSC40 panel (b) projectile.
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and penetration test, in which the notation FSC40 and FSC100
represent the SC target panels with the 1 mm-thick double surface
steel liner and the core concrete thicknesses are 40 mm and
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100 mm, respectively. It should be noted that, the perforated pro-
jectiles were submerged with the ejecting concrete fragments in
the perforation test, the residual velocities of projectiles are diffi-
culty to obtain. Therefore, the bulging velocity of rear steel plate
were derived from the high speed video and listed in Table 1 for
instead, which are further adopted to validate the numerical
models. Attributed to the front steel plate, the frontal craters are
nearly identical with the cross section of the projectile. After the
perforation test, the rear steel plates were removed and the rear
crater dimension, i.e., average crater diameter, are also given in
Table 1.

2.4.2. Panel damage
(1) perforation test. The experimental damage of SC target panel
Table 3
Constitutive model parameters.

Concrete MAT_WINFRITH_CONCRETE (*MAT_084)

Density r

(kg$m�3)
Young's modulus E
(Pa)

Poisson's ratio
n

Uniaxial compressive streng
(Pa)

2500 3.15e10 0.2 2.7e7

MAT_PLASTIC_KINEMATIC (*MAT_003)

Density r (kg$m�3) Poisson's ratio
n

Young's modulus E (Pa)

Steel liner 7850 0.3 200000
Steel mesh 7800 0.3 210000
Tie bars 7800 0.3 210000

MAT_SIMPLIFIED_JOHNSON_COOK (*MAT_098)

45# steel Density r (kg$m�3) Poisson's ratio
n

Hardening constant A (Pa)

7850 0.31 4.96e8

Fig. 13. Comparisons of the experimental and simulated perforation
series FSC40 is shown in Figs. 4e7, respectively. It can be found that,
(i) as shown in Fig. 4(d), the projectiles had no any deformations or
mass loss, thus they can be treated as rigid bodies. The other
recovered projectiles are not given for simplicity; (ii) subjected to
the impact of the flat nosed projectile, the front thin steel plate
undergoes the direct shear failure; (iii) the rear steel plates always
demonstrate the petal failure induced by the perforated projectile;
(iv) as given in Table 1, as expected, the bulging velocities of rear
steel plates rise monotonically with increasing the striking veloc-
ities of the projectiles; (v) under the relatively high velocity
perforation, e.g., target panel FSC40-1, the damage of target is more
localized. When the striking velocity reduces, the influential area
becomes larger, the integral deformations of the rear steel plate
also become obvious. It should be pointed out that, the initial
th Uniaxial tensile strength
(Pa)

Fracture energy FE
(N$m�1)

Aggregate size
(mm)

2.0e6 150 20

Yield stress sy (Pa) Erosion strain

235 0.1
400 0.1
400 0.1

Hardening constant B (Pa) Hardening exponent n Strain rate constant
C

4.34e8 0.084 0.307

process (FSC40-3) (a) high-speed photograph (b) simulations.
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oblique angle exists for projectile impacting target panel FSC40-2,
thus the front shear plugging is an ellipse but not a circle. Also, in
test FSC40-4, the connections between the tie bars and the rear
steel plate were also fractured, and the rear steel plate was sepa-
rated. Fig. 7(b) further shows the rear face damage of the core
concrete plate; (vi) the impact resistance of the tie bars should be
considered, as shown in Figs. 5 and 6.

(2) penetration test. The experimental damage of SC target panel
series of FSC100 panel is shown in Figs. 8e11, respectively. It can be
found that, (i) identical with the perforation test, the front steel
Fig. 14. Target damage (a) FSC40-1 (b)
plate undergoes the direct shear plugging failure, e.g., Fig. 10(a)
shows the recovered shear plugging disk of the front steel plate; (ii)
as given in Table 2, as expected, the maximal deflection of rear steel
plate and the penetration depth of projectile both increase with the
rising of the striking velocity of the projectile; (iii) as for test
FSC100-3, the partial marginal tie bars were fractured at the weld
points between the tie bars and the rear steel plate. The rear con-
crete fragments are blocked by the rear steel plate, thus the inner
steel liner in the NPP containment can also prohibit the ejection of
the concrete fragments into the inner containment; (iv) when the
impact velocity is relatively low, e.g., test FSC100-4, the projectile is
FSC40-2 (c) FSC40-3 (d) FSC40-4.
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rebounded back and falls in front of the target, only 9 mm pene-
tration depth was achieved and the rear face of the SC panel is
intact.

3. Numerical simulations

In this section, the commercial finite element program LS-DYNA
[30] is utilized to perform the numerical simulations of the present
test. By comparisons with the experimental and simulated results,
the numerical algorithm, constitutive models and the corre-
sponding parameters are validated.

3.1. Finite element (FE) model

Taking the FSC-40 series panel and projectile for example, the
corresponding FE models are shown in Fig. 12, where the projectile
and core concrete are modeled with the solid element, the shell
element is used to model the steel liners, and the beam element is
adopted to describe the steel mesh and tie bars. The corresponding
element size is adopted as 5 mm following the numerical simula-
tions in Part I of this paper [28]. The steel liner and tie bars, as well
as the tie bars and concrete are connected with the common nodes.
As for the contact algorithm, the steel bars and tie bars are
embedded into the concrete by using the option
Fig. 15. Comparisons of the experimental and simulated penetration

Table 4
Comparisons between the perforation test data and simulation results.

Test Striking velocity (m/s) Bulging velocity of rear steel plate
(m/s)

Test Simulation Deviation

FSC40-1 157 125 122 �2.4%
FSC40-2 107 73 62 15%
FSC40-3 127 86 84 �2.3%
FSC40-4 104 62 57 �8%
*CONSTRAINED_LARGRANGE_IN_SOLID. Aiming to prevent the
penetration between the concrete and steel liner, the option *
CONTACT_ ERODING_SURFACE_TO_SURFACE is adopted for both
the steel liner-concrete contact and the projectile-target contact.
Besides, considering the firmly constraints of the target panel by
the steel reaction frame shown in Fig. 3(b), the circumferential
boundary surfaces of the target panel are fixed.

The core concrete is modeled with the Winfrith model
(*MAT_84) [31], the Plastic Kinematic Model (*MAT_003) is adop-
ted to describe the steel liner, steel mesh and tie bars, and the
projectile is modeled with the simplified Johnson Cook Model
(*MAT_098) [32]. The corresponding constitutive model parame-
ters are listed in Table 3. The dynamic strength enhancements of
these materials are all considered in the above models and the
detailed introductions are given in Part I of this paper [28]. Through
the keyword *MAT_ADD_EROSION, the erosion algorithm is adop-
ted to describe the physical fracture and failure process of the
concrete material as well as handle the large distortion problem.
The elements will be deleted immediately when the material
response reaches a prescribed value. At present, the value of 0.1 is
adopted for the maximum principal strain.
3.2. Perforation test

3.2.1. Perforation process
Taking the FSC40-3 panel for example, the comparisons be-

tween the experimental and simulated perforation processes are
shown in Fig. 13. It indicates that, at 0.1 m s, the projectile pene-
trates into the SC target panel, the concrete in the impact area is
crushed and the rear steel liner is bulged and fractured. At 0.2 m s,
the petal failure of the rear steel liner is occurred obviously and
large amounts of concrete fragments ejects outward. The ejection
velocities of pulverized concrete fragments are larger than that of
the projectile, thus the projectile is submerged in the concrete
fragments. At 0.3 m s, the projectile totally perforates the target
process (FSC100-3) (a) high-speed photograph (b) simulations.
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panel with certain residual velocity, and projectile undergoes slight
deformations after perforation. The residual velocities of the pro-
jectiles could not be derived from the high-speed camera, which
can be obtained from the simulation results. Generally, it can be
drawn that the simulated projectile impact process agrees basically
well with the test data.
Fig. 16. Target damage (a) FSC100-1 (b) F
3.2.2. Panel damage
Fig. 14 further shows the damage of target panel series FSC40,

respectively. It can be found that, (i) for the front face, only a cir-
cular shear plugging is formed and the non-impacted area has
slight damage; (ii) the rear steel liner is fractured and undergo the
petal failure under the perforation of projectile, and the panel
FSC40-1 endures themost serious due to the relatively high striking
SC100-2 (c) FSC100-3 (d) FSC100-4.



Table 5
Comparisons between the penetration test data and simulation results.

Test Striking velocity (m/s) Penetration depth (mm) Maximal bulging deflection of rear steel plate
(mm)

Test Simulation Deviation Test Simulation Deviation

FSC100-1 116 18.15 34.11 88% 21.0 32.55 55%
FSC100-2 102 13.75 16.23 18% 16.0 18.10 13%
FSC100-3 122 38.43 43.02 11.9% 38.5 42.11 9.4%
FSC100-4 96 9.00 8.22 �8.6% 10.0 12.85 28.5%
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velocity of projectile; (iii) the bulge of the rear steel liner leads to
the breakage of the welding point between the tie bars and rear
steel liner, which is well reproduced in Fig. 14(b, c, d). Table 4
further lists the comparisons between the test and simulated
bulging velocity of rear steel linear of target panel series FSC40, the
satisfied agreements are derived.

3.3. Penetration test

3.3.1. Penetration process
Taking the target panel FSC100-3 which has the largest projec-

tile impact velocity as an example, the comparisons of the experi-
mental and simulated penetration process at different time instants
are shown in Fig. 15. It indicates that, at 0.1 m s, identically with the
perforation scenario, the concrete and steel liner located within the
impact area are crushed and shear plugged, the rear steel liner has
slight bulging. Then, with the penetration proceeds, the bulging of
the rear steel liner of the SC target panel becomes more obviously.
At 0.3 m s, the projectile velocity nearly drops to zero, and both the
penetration depth and bulging deformation of the rear steel liner
reach the maximum.

3.3.2. Panel damage
Fig. 16 further shows the damage of target panel series FSC100,

respectively. It can be found that, (i) for the front face, both the test
and simulations indicate that a circular shear plugging of the front
steel liner is formed; (ii) with the projectile impacting velocity in-
creases, the corresponding penetration depth and maximal bulging
deflection of rear steel plate are also increasing monotonically; (iii)
with the projectile impacting velocity increases, more tie bars are
contributing to resist the projectile and the related welding points
are fractured, as shown in Fig. 14. Table 5 further lists the com-
parisons between the test and simulated bulging velocity of rear
steel linear of target panel series FSC100, the satisfied agreements
are derived except for panel FSC100-1.

Based on the comparisons in Sections 3.2 and 3.3, it can be
drawn that the SC target damage and deformations, as well as the
ballistic parameters of projectile can be predicted well by the
present numerical simulations. Therefore, the adopted numerical
algorithm, constitutive models and corresponding parameters are
validated.

4. Conclusions

Aiming to perform the safety assessment of Generation III NPP
buildings subjected to commercial aircraft crash, at present Part III,
the local damage of aircraft engine impacting the steel concrete
(SC) structures of NPP containment is mainly discussed. At first, by
utilizing the large-caliber air gas gun, eight shots of large caliber
projectile (diameter of 80 mm, mass of 2.15 kg) penetration and
perforation test on full SC plates with the thicknesses of 40mm and
100mmare conducted, inwhich the striking velocities were ranged
from 96 m/s to 157 m/s. The bulging velocity and the maximal
deflection of rear steel plate, as well as the penetration depth of
projectile are derived, the local deformation and failure modes of
SC panels are assessed experimentally. Then, the commercial finite
element program LS-DYNA is utilized to perform the corresponding
numerical simulations, in which the Winfrith model validated in
the previous Part I of this paper is adopted to model the core
concrete. By comparisons with the experimental and simulated
projectile impact process and panel damage, the numerical algo-
rithm, constitutive models and the corresponding parameters are
verified, which can be utilized to evaluate the local impact resis-
tance of NPP buildings subjected to the aircraft engine.
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