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ABSTRACT: Nuclear Powerplants are planned and designed to withstand high internal, external pressures
and impact loads. International Atomic Energy Agency recommends Design Extension Condition (Impact of
Missile or Aircraft) that is a mandatory condition to be fulfilled by Containment structure. In this Finite Ele-
ment Analytical study, wall joint section of containment structure is modelled and analysed for Missile body
impact, and it is observed that, the surface induced pressure in wall section is dynamic in nature, as it varies
with respect to time and load. By obtained 3D simulation and contour pattern on PCC panel, it is found that

the induced stress is bending pressure.

1 INTRODUCTION

Nuclear reactor power plants are special
structures, in which Containment Structure is identi-
fied as most critical and strong structure. On June
27, 1954, the world's first nuclear power station to
generate electricity for a power grid, the Obninsk
Nuclear Power Plant, commenced operations in Ob-
ninsk, in the Soviet Union. The world's first full
scale power station, Calder Hall in the United King-
dom, opened on October 17, 1956. So, after that
generations of nuclear power stations were designed
by upgradation in design and evolution of construc-
tion material as mentioned in Basu Prabir et al.,
2013 and built worldwide by facing many challenges
and accidents as mentioned by Kakodkar, 2014 and
Lyerly and Mitchell, n.d. 1973. Containment struc-
tures are strong Shell-thick structures designed to
withstand severe loading conditions and load com-
binations mentioned in International Atomic Energy
Agency (IAEA) standards. In this standard a condi-
tion namely Design Extension Condition (DEC) is
postulated, as it is a mandatory condition that a con-
tainment structure has to fulfil. It is very necessary
to study the individual behaviour of each section and
all individual materials, so that failure criteria of the
material can be observed for monolithic action, then
combined (Rebar + Concrete) action can be ob-
served for better clarity, by means of Finite Element
Method of Analysis.
As per AERB/SS/CSE Clause:3.5.2: Both classical
method and Finite Element Method (FEM) for struc-
tural analysis are considered, the methodology and
the software shall be validated in accordance with
Cl.9.2.3 and 9.2.4 AERB SSG-53; SS/CSE; DNB

SSM 2015:25, and Furtherly, in IAEA Standard
Provision, the requirements that to be fulfilled by
containment structure is theoretically stated in sev-
eral clauses.

Regarding containment structures, researchers have
modelled containment structure and other compo-
nents by FEM models as by Gasch T et al., 2018 and
simple conventional models as in

Hong and Kang., 2016 and conducted FEA studies
to observe deformations, stresses, strains and dam-
age of containment by application of static and dy-
namic loadings. As mentioned in IAEA standards,
the containment structure must be analysed for de-
sign pressures and earthquake load also similarly
carried by Akbar et al., 1986 and in point of re-
searchers the containments are analysed for failure
pressure analysis Yan et al., 2019, where the ulti-
mate potential of containment and critical points
such as material strains are identified clearly as pre-
sented in Barbat et al., 1998.

The fragility nature of materials used in contain-
ment varies with respect to internal loading and
pressure Jin et al., 2019, and Zhou et al., 2018. And,
Shokoohfar and Rahai, 2016 concluded that apart
from internal loading temperature does have little
amount of impact the ultimate behaviour of con-
tainment. The studies mentioned are related to fail-
ure and internal pressure analysis of containment
structure. But as mentioned in introduction part, the
containment models must be analysed and designed
for Design Extension Condition loadings such as
missile or aircraft impact. Bangash (b)., 2011 pro-
ceeded a conventional approach on aircraft impact
on containment structure, providing displacements
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and deformation of containment. The study was to-
tally conventional, not enough finite element models
were studied. It will be an availability on additional
information of methodology for analysis and output
parameters such as deformations, displacements and
resultant output forces if models of containment are
analysed by finite element method, as similar to
above mentioned references.

So, in this Finite Element Analytical study of mis-
sile impact, the objective it to observe the defor-
mation of thick PCC concrete wall and induction of
bending pressure in PCC wall with its distribution
during missile impact using ANSYS 2020 R1.

Finite element study contributes mathematical
problem-solving support in various engineering
fields with computer packages like ANSYS,
ABAQUS, NASTRAN, HyperMesh etc., Finite El-
ement Method of study is considered as approximate
study depending upon category of analysis, size of
the model involves processing of analysis and full
model analysis will be useless Jiménez et al., 2021
This may be due to problematic approach towards
any solution required. Results obtained from these
studies can be verified by either manual calculations
or experimental investigations. Many Finite Element
studies has been proved to be correct, some are hy-
pothetically correct and some are approximated re-
sult studies. It shows that other than conventional
methods Finite Element Method is iterative in nature
to approach any results or solutions of engineering
problems.

1.1 DESIGN EXTENSION CONDITION

This condition has other sorts of impact loading
and sudden loading actions on containment struc-
ture. Where Missile, Aircraft impacts are identified
as high impact loads.

In 1988, the missile impact test on reinforced
concrete has been experimentally carried out in San-
dia National Laboratories, Washington DC, U.S.
Other than missile impact, various scale models of
containment were tested for static pressure, dynamic
pressure and impact of Water slug, impact of Full
scale F4 Phantom jet on thick RCC panel as shown
in Fig 15. Though the publication of all the research
experimental research work was published in “Con-
tainment Integrity Research at Sandia National La-
boratories” An Overview - NUREG/CR-6906
SAND2006-2274P.

A Missile mass of 147 kg, with of velocity 13.1
m/sec; accelerated for impact on a Panel mass of 153
tones and thickness of 1.37m. A full-scale F4 Phan-
tom jet was accelerated to 210 m/s (496 mph) to im-
pact a ballistic pendulum, comprised of a 3.6 m (12
ft) thick reinforced concrete block on air bearings.
This test was conducted for the Kobori Research
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Complex, Tokyo, Japan. The purpose of the test was
to measure the impulse of the aircraft impacting a
rigid mass. The results of the test have been used to
benchmark analytical models for aircraft loading
time histories. In order to understand the full spec-
trum of loading conditions, Sandia National Labora-
tories conducted a series of impact tests for soft mis-
siles on flexible targets. In these tests, a thin
aluminum cylinder was filled with water, referred to
as the 'water slug' and accelerated to impact a rein-
forced concrete panel. Tests were conducted varying
the 'water slug' size and impact velocity. The results
of these tests and the analyses conducted to simulate
the tests were published in a limited distribution re-
port.

This design extension condition like missile or
aircraft impact can be conventionally calculated by
finding missile impact force exerted on resting body
by concept of Newton’s 2" law of motion, Fmax= mo
X Vo, Where Fmax IS maximum force or pressure, mo is
the mass of moving body and vo is the velocity of
moving body. The inclination angle of missile dur-
ing impact affects the magnitude of force induced
during impact on containment Zhang et al., 2017.
When the obtained maximum pressure is exceeding
the prescribed pressure value of concrete, it is identi-
fied as damage or failure of concrete part where it is
receiving impact of moving object. As this is a time
depended event, location and magnitude of maxi-
mum force exerted on body must be tracked
throughout the event, where this could be difficult in
manual calculations, so by using Finite Element
software, the location of maximum force or induced
pressure can be identified throughout event, by color
contour maps on body with pressure magnitude leg-
ends. This identification is very mandatory in nucle-
ar design to avoid critical accidents and failure of
structure, and to fulfill overall structural integrity
and performance for total design life period.

2 ANALYSIS SETUP AND BOUNDARY
CONDITIONS

From the actual containment model setup as
shown in Fig 1, a Cut-down setup is developed, as it
will be better comparison of simulation and experi-
mental case study. Height of Wall panel is 5m and
thickness of panel is 1.56m (Thickness of wall at
joint section in containment). In any structure Joints
are vulnerable points, as it may fail earlier than
monolithic member. Wall is assigned as Fixed sup-
port (Ux=Uy=Uz=0) at back face, rest of section is
set free for damage and movements. Material adopt-
ed for wall is M70 grade of concrete. Length of mis-
sile is assumed as 5m and diameter of missile is
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300mm is accelerated at 200 m/s. Material adopted
for missile is Steel-Alloy. Distance of the missile is
not accounted, as in the initial condition the velocity
of missile body is pre-defined as 200 m/s. Due to
this, from any distance (nearer or farther to wall in
3D model) the missile may start to impact, its initial
velocity will be 200 m/s. Cut-Down model setup of
the wall and missile is shown in Fig.2.
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Fig 1. Actual Model setup
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Fig.2 Cut-Down Model Setup

2.1 Results and Discussions

From the analysis, it is observed that, concrete
part is getting severe damage and high surface pres-
sures during impact, as wall is fixed, during impact
it tries to bend, hence producing the bending pres-
sure. The Induced bending pressure distribution is
shown as color contours in Fig 3 to Fig 8 at 6 divid-
ed time frames and pressure values are tabulated in
Table 1, pressure values plotted in Fig 9, bending
pressure is at peak during initial time point, as the
missile velocity will get reduced after the impact. As
the wall is fixed back face, the global displacement
is restrained, value observed is zero. Still computa-
tional performance is not high-end, Ansys Paramet-
ric Design Language cannot solve for damage of
concrete. Pressure induced on wall due to impact of
missile is observed throughout the event, with the
obtained pressure values and contour pattern on
wall, damage can be predicted by manual verifica-
tion.
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Fig 3. Pressure Distribution-1
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Fig 4. Pressure Distribution-2

A: Explicit Dynamics

PRESSURE

Expression: PRESSURE

Unit: Pa

Time: 2.0001e-002

Cycle Number: 15308

Deformation Scale Factor: 1.0 (True Scale)

2.0645e8 Max
- 1.8063e8
| 1.5482e8
1.2%9e8

1.0319e8
T.7371e?
5.1555e7

2.573%e7
I 77488
-2.5894e7 Min

Fig 5. Pressure Distribution-3
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Fig 6. Pressure Distribution-4
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Fig 7. Pressure Distribution-5
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Table 1 Induced Bending Pressure Distribution

Fig 8. Pressure Distribution-6
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Fig 9. Pressure plot

In the Fig.10 the probe tracker shows the min-
imum and maximum pressure induced in concrete
wall throughout the event. As the event is time de-
pended, this probe tracks minimum and maximum
bending pressure at each division throughout the sec-
tion.
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PRESSURE
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Fig 10. Probe tracking of bending pressure

Missile is getting severe damage and defor-
mation during impact as shown in Fig 11 to Fig 14.
Inundation depth of missile is not known during this
analysis, but in the Hessheimer et al., 2006 it has
been reported that, during experimental investigation
of F4 Phantom Jet impact on Thick RCC panel, in-
undation depth was 64mm (2.51inches), thereby the
condition of remaining wall section was safe. No
danger or warning situations were reported after im-
pact.
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Fig 11. Missile Damage-1
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Fig 12. Missile Damage-2

Fig 14. Missile Damage-4

The induced pressure varies with respect to contact of
missile body during impact, the pressure on concrete
surface is observed changing with respect to time.

Here, the obtained is simulation is
compared with real time experimental work, as men-
tioned in objective to accumulate the behaviour of
Aluminum-alloy missile which is rigid in nature,
getting high impact on high rigid PCC concrete pan-
el. Fig.15 it is observed that meshed parts of con-
crete wall are shattered, it is the damage effect of
concrete by showing the shattered deformation ge-
ometry during impact. As concrete wall is Rigid
body, this shattered deformation effect is observed
after scaling the result for multiple times. Probes
showing Minimum and Maximum deformation of
concrete wall in Fig.15

Electronic Journal of Structural Engineering 22 (2) 2022
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Fig 15. Shattered Deformation effect of concrete with probe

3 CONCLUSIONS

The cut-down FEA model setup for impact analy-
sis is developed and analysed using ANSYS pack-
age, direct impact of missile body on thick PCC wall
is carried out. Results show that, pressure induced in
the concrete wall varies with respect to time and
load. Pressure induced is bending type of pressure
where for material M70 concrete, where the maxi-
mum pressure exceeds the ultimate pressure of mate-
rial, that element part is considered to failure. Dam-
age of concrete can be identified by manual
verification with obtained pressure values, as this
analysis was performed in a low-end device, the
APDL solver was not able to perform damage of
concrete computationally. Deformation of wall is
visually observed as shattering effect of meshed
parts, simulation is making understand that during
impact concrete is subjected to this type (shattering)
of deformation and damage.
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