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ABSTRACT 

Impacts of aircraft crashing into reinforced concrete (RC) buildings of nuclear power plants need to be 

analyzed for a safety assessment. Generally, RC buildings consist of an outer wall and several internal walls. 

It is necessary to evaluate how many walls a large commercial aircraft perforates and how deep it goes 

inside the buildings when it crashes into RC buildings. Then, the reduction ratios of the load function of the 

aircraft when it perforates the RC wall at various wall thicknesses are investigated. Various impact angles 

of the aircraft crashing into the RC wall must be considered in each impact case; thus, the effect of the 

impact angle on the damage state of the RC wall is also investigated. These impact simulations are important 

because they enable us to understand which part of the area inside the building will be destroyed and which 

apparatus will not be able to function. 

Objectives 

In analyzing the impact of an aircraft crashing into a reactor building of a nuclear power plant, it is 

necessary to evaluate the damage of the RC walls after the aircraft crashes into multiple RC walls. There 

are some evaluation methods for predicting the damage state of an RC wall. Impact simulation with a 3D 

aircraft model or with the load function of the aircraft are popular methods. The 3D simulations predict the 

damage state with better accuracy than the simulations with the load function, but the former simulations 

take longer. Thus, it is more practical to check the damage states of RC walls by impact simulations with 

the load function than by 3D impact simulations when many conditions such as impact positions and impact 

angles, need to be considered. Additionally, all RC walls must be modelled in one simulation model in the 

impact simulations with a 3D aircraft model when the aircraft crashes into several RC walls consecutively. 

This is because the mass, velocity, and shape of the aircraft alter after each perforation of the RC walls. 

Then, the mesh size of the simulation model becomes large, and the simulation takes a long time. 

However, if the reduction ratios of the impact load after the perforation of the RC walls at various 

thicknesses are obtained, impact simulations with the reduced load functions imposed on only one RC wall 

are sufficient for evaluating how many walls the aircraft perforates. These simulations can be carried out 

separately, and the simulation model consists of only one RC wall, which takes less time. Therefore, the 

objective of this study is obtaining how much the load function of the aircraft is reduced after perforating 

the RC wall. For this purpose, impact simulations with a 3D aircraft model were conducted. The simulation 

results, such as load functions and ranges of the loaded area on the second wall, were summarized.  
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Besides summarizing these simulation results, a prediction method for the damage state of the second RC 

wall after the aircraft perforates the first RC wall using these simulation results was investigated. This 

method utilized an empirical equation reported by other research and used only values such as the impulse 

of the load function and the range of the loaded area at the second RC wall; thus, this method predicted the 

damage state without any additional impact simulations. The prediction results were compared with the 

simulation results with a 3D model, and the accuracy of this method was discussed. 

Furthermore, various impact angles of the aircraft must be considered for the aircraft impact analysis, as 

noted previously; the effect of the impact angle of the aircraft on the damage state of the second RC wall 

was also investigated.  

This paper consists of three steps. First, impact simulation was conducted using a 3D aircraft model. The 

simulation parameter was the wall thickness of the first RC wall during the impact into two walls. The 

effect of the first RC wall thickness on the impulse and the loaded area on the second wall after the 

perforation of the first RC wall was investigated. Then, the estimation method of the impulse of the load 

function and the loaded area on the second RC wall during the second impact was proposed. Additionally, 

the effect of the thickness of the first RC wall on the damage state of the second RC wall was introduced 

in these simulations. Second, based on the simulation results in the first step, the prediction method for the 

damage state of the second RC wall during the consecutive impacts of the aircraft into two RC walls was 

proposed. This method utilized an empirical equation that was from other research (UKAEA (1990)). The 

prediction results obtained by this method were compared with the impact simulation results using a 3D 

aircraft model, and whether these prediction results were consistent with the impact simulation results was 

investigated. Third, impact simulations at various impact angles using a 3D aircraft engine model were 

conducted. The simulation parameters were the impact angles. The effect of the angle on the damage state 

of the RC wall was evaluated in these simulations. The prediction method for the damage state of the second 

RC wall during the diagonal impact of the aircraft into two RC walls was also investigated in the third step. 

LS-DYNA Ver. 971 was used for the impact simulations, and the concrete damage of the RC walls was 

considered by using a concrete model: MAT 72 REL III. 

Estimation of kinetic energy reduction ratio after impact into RC wall 

Figure 1 shows the simulation model used for evaluating the kinetic energy reduction ratio after the initial 

impact with the first RC wall. Impact simulations were conducted with various initial RC wall thicknesses, 

such as 0.5 m, 1.0 m, 1.2 m, 1.5 m, and 2.0 m. The load that the rigid wall received after the perforation of 

the first RC wall was simulated. In the simulation with a wall thickness of 1.2 m, a simulation with an angle 

of 90 degrees and a simulation with an angle of 67.5 degrees were conducted. In this section, the relationship 

between the thickness of the first RC wall and the load function after the first RC wall has been perforated 

was obtained. 

The specifications of the RC wall were 51.6 m in length, 11 m in width, and a 37.4 MPa compressive 

strength. The rebar ratios of the first RC wall were set to 1.1 in the vertical direction and 1.2 in the horizontal 

direction. 
Rigid wall (5 floors high) 

RC wall 

Fuel 

Wing 

Fuselage 
Engine 

Payload 

Figure 1 Simulation model 
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Figure 2 shows the damage state of the aircraft and RC wall at 0.8 seconds after the impact under each 

condition. The first RC wall was heavily damaged by the aircraft impact in all simulations except the one 

with 2000 mm wall thickness. In this case, the fuselage, wings, and engines did not hit the rigid wall because 

they stopped at the rebars of the first RC wall, although the first RC wall was severely damaged. The fuel 

in the wings and payload perforated the first RC wall and crashed into the rigid wall in all cases. 

When the impact angle was 67.5 degrees, the fuselage and the payload crashed into the rigid wall without 

passing through the side of the rigid wall, although they crashed into the right side of the rigid wall after 

the perforation of the first RC wall due to the diagonal impact. 

Wall thickness: 500 mm          Wall thickness: 1000 mm     Wall thickness: 1200 mm 

Wall thickness: 1500 mm  Wall thickness: 2000 mm   Wall thickness: 1200 mm (diagonal impact) 

Figure 2 After the impact with the RC wall (at 0.8 seconds after the impact into the first RC wall) 

Figure 3 shows the load function when the aircraft crashed into the rigid wall after perforating the first RC 

wall in each simulation. Since the origin point of the time in Figure 3 started at the moment of the impact 

into the first RC wall, there were differences in the start time of the load functions in the cases of No. 1 to 

6 where the load functions were measured at the second rigid wall. 

In the case of the 500 mm wall thickness, the deformation of the aircraft was small, and it crashed into the 

rigid wall with a shape that was almost the same as the initial shape of the fuselage and wings. The load 

function peaked around 0.3 seconds when the deformed aircraft including the payload and fuel in the wings 

crashed into the rigid wall. Although the peak value of the load function was larger than the value of the 

impact simulation of the aircraft crashing into the single rigid wall, the impulse of the load function was 

smaller. It was confirmed that even the thin wall (whose wall thickness was about 500 mm) was effective 

in reducing the load function. 

In the case of the 1000 mm, 1500 mm, and 2000 mm first wall thicknesses, the load around 0.3 seconds 

was mainly due to the impact of the fuel. The loads at 0.4 to 0.5 seconds with the 1000 mm wall thickness, 

0.4 to 0.6 seconds with the 1200 mm wall thickness, and 0.6 to 0.8 seconds with the 1500 mm wall thickness 

occurred when the aircraft (including payload) was heavily deformed by the impact into the first RC wall 

and crashed into the rigid wall. It was indicated that the impact moment on the rigid wall started later with 
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increasing first RC wall thickness in these simulations. It was also indicated that the thicker the RC wall 

was, the larger the reduction of load function became and the impulse of the load function became smaller. 

With the diagonal impact of 67.5 degrees, the impulse of the load function decreased by about 15% 

compared to the value at 90 degrees. 

In the case of the 2000 mm wall thickness, the load around 0.35 seconds was mainly due to the impact of 

the fuel. Because the aircraft decelerated significantly after the impact into the first RC wall, the impulse 

of the load function was reduced, and the moment of the peak was delayed. In addition, the fuselage, wings, 

and engines did not go through the first RC wall, and there was no peak in the load function after 0.35 

seconds. 

Figure 3 Comparison of load functions 

The fuel and payload inside the aircraft crashed into the rigid wall and were scattered widely by the impact. 

Then, reading the mapping ranges of the impact loaded areas from the scattered states of the fuel and 

payload was difficult. Thus, impact simulations with a thick iron wall instead of the rigid wall were 

conducted once again, and reading the mapping ranges of the impact loaded areas was carried out by using 

the stress distribution contours on the iron wall caused by the aircraft impacts. Figure 4 shows the mapping 

ranges of the impact loaded areas when the aircraft perforating the first RC wall crashed into the second 

iron wall in each simulation. Here, the moments of the peaks in the load functions in Figure 3 were selected 

as the moments to read the mapping ranges of the impact loaded areas on the walls. Figure 4 indicates that 

the impact loaded area on the wall ranged more widely as the wall thickness of the first RC wall became 

thicker. Fuel and payload inside the aircraft were scattered widely as the thickness of the first RC wall 

increased; thus, it was concluded that this tendency was reasonable. The impact load caused by the aircraft 

reaching the second wall after perforating the first wall was small, as shown in Figure 5, in the case of the 

first RC wall thickness of 2000 mm because the fuel and payload inside the aircraft were scattered widely. 

This caused the stress contours to become unclear, and the mapping range of the impact loaded area was 

judged to be small. The lateral length of the mapping range was enlarged, and the mapping range covered 

the larger area on the front side of the wall in the case of diagonal impact. 

Figure 5 shows the relationship between the thickness of the first RC wall and the impulse of the load 

function. This figure also shows that the impulse of the load function decreased with increasing wall 

thickness, and the relationship between them was almost linear. Furthermore, this figure shows that the 

impulse of the load function decreases by about 4 MN・s in the case of diagonal impact compared with the 

case of head-on impact with a 1200 mm wall thickness. 
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Figure 6 shows the relationship between the thickness of the first RC wall and the mapping range of the 

impact loaded area. This figure also shows that the mapping range of the loaded areas increased with 

increasing first RC wall thickness. Furthermore, this figure shows that the mapping range increased by 

about 250 m2 with the diagonal impact at a 1200 mm wall thickness, and this mapping range was about 

twice the size in the head-on impact. 

(a) No. 1 Thickness 500 mm (b) No. 2 Thickness 1000 mm (c) No. 3 Thickness 1200 mm

(d) No. 4 Thickness 1500 mm (e) No. 5 Thickness 2000 mm (f) No. 6 Thickness 1200 mm

(diagonal impact) 

 Figure 4 Results of the mapping range of the loaded area with each first RC wall thickness 

 
Figure 5 Relationship between the impulse of the load Figure 6 Relationship between the mapping range 

of the function and the first RC wall thickness  impact loaded area and the first RC wall thickness 
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Method for predicting damage state of second RC wall by impulse of load function and loaded area 

The impulse of the load functions and the mapping ranges of the loaded areas caused by the aircraft 

impacts into the second RC walls after perforating the first RC walls with different wall thicknesses were 

obtained in the previous section. In this section, a method to evaluate the damage state of the second RC 

wall when the aircraft perforating the first RC wall crashed into the second RC wall was examined. The 

specifications of the RC wall for this examination are shown in Table 1.  

Table 1 Specifications of wall for examination 

No. Width Height 
Thickness of RC wall 

Compressive strength Spec. of rebar 
First Second 

7 
51.6 m 11 m 

1200 mm 1800 mm 
37.4 MPa Shown in Table 2 

8 1000 mm 1800 mm 

Table 2 Conditions of rebar in second RC wall 

First lateral rebar Second lateral rebar First horizontal rebar Second horizontal rebar 

D38 a), pitch 200 mm D35, pitch 400 mm D35, pitch 200 mm D35, pitch 400 mm 
a) D means diameter.

An equation was suggested by the UK Atomic Energy Authority (UKAEA (1990)) as one of the methods 

to evaluate the damage state of the RC wall. This equation estimates the damage state of the RC wall (caused 

by penetration, scabbing, or perforation) when a soft projectile crashes into the RC wall. The damage state 

of the RC wall caused by an impact with a small aircraft can be estimated with this equation. When a large 

commercial aircraft crashes into the RC walls consecutively, the mass of the perforating aircraft is reduced 

and can be close to the mass of the small aircraft in some cases where the perforated RC walls were thick 

enough. Thus, it was examined whether the estimation of the RC wall damage state with this equation was 

applicable when a large commercial aircraft has perforated the first RC wall and crashed into the second 

RC wall. The estimation equations suggested by UKAEA are as follows.   

Fav = 15.5 M 2/3 v 1.62 (1) 

Fp = 8170 (R fcu)1/3 πT (D + 2.5 T )  (2) 

Fs = 7040 (R fcu)1/3 πT (D + 2.5 T )  (3) 

R = ((nl・al)/l + (nw・aw)/w)・50/T (4) 

Here, Fav is the mean dynamic load, and M and v are the mass and velocity of the projectile, respectively. 

Fp and Fs are the dynamic punching strength and dynamic scabbing strength of the RC wall respectively, 

and both are calculated from the specifications of the RC walls (nl and nw are the longitudinal and lateral 

rebar numbers, respectively, al and aw are the cross section of the longitudinal and lateral rebar, respectively, 

fcu is the compressive strength of concrete, and D is the diameter of the mapping range of the loaded area). 

When Fav is bigger than Fp, the damage state of the RC wall is “perforation”. When Fav is larger than Fs and 

smaller than Fp, the damage state of the RC wall is “scabbing”. When Fav is smaller than Fs, the damage 

state of the RC wall is “penetration”.  

The calculated results of Fav, Fp, and Fs are shown in Table 3 under the conditions that the specifications 

of the RC wall were the same as the values in Table 1. The diameters of the mapping ranges of the loaded 

areas D for calculating Fp and Fs with each first RC wall thickness were set to the diameter denoted in each 

figure in Figure 3 in the previous section (the vertical diameters of the ellipses were adopted in this study). 

In the case of the 1200 mm thickness first RC wall, Fav was smaller than Fs, and the damage state of the 

second RC wall was predicted to be penetration. On the other hand, in the case of the 1000 mm thickness 

first RC wall, Fav was larger than Fp, and the damage state of the second RC wall was predicted to be 

perforation. 
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The consecutive impact simulations of the aircraft crashing into two RC walls under the conditions 

denoted in Table 1 were conducted to confirm the accuracy of this prediction. Figure 8 shows the simulation 

results. The results in No. 7 showed “scabbing” and were different from the prediction with the equation, 

but the results in No. 8 showed “perforation” and were the same as the prediction with the equation. These 

results are summarized in Table 4. In the prediction with the UKAEA equation, the damage state varied 

from “penetration” to “perforation” in accordance with the change of the thickness of the first RC wall from 

1200 mm to 1000 mm. This indicated that the damage state of “scabbing” occurred only in an extremely 

limited range of the first RC wall thickness in the prediction with the UKAEA equation. In this study, the 

UKAEA equation was adapted for the prediction of the damage state of the second RC wall, and a difference 

between the damage state of the prediction results and that of the simulation results appeared in the case of 

No. 7. This difference may be caused by two factors. First, the shape of the projectile was heavily deformed 

when it impacted into the second RC wall because it had already perforated the first RC wall, and the shape 

of the projectile was totally different from the shapes of the projectiles used in the usual impact tests, whose 

data are referred to when the UKAEA equation was derived.  Second, the preciseness of the equation was 

reported to be about 20% by UKAEA. For these reasons, the difference between the damage state of the 

prediction with the UKAEA equation and that by simulation in the case of No. 7 was thought to be within 

a reasonable range. 

Table 3 Conditions for estimation and estimation results with the UKAEA equation 

No. Mass 

(M) 

Impulse 

(M・v) 
Fav Effective 

wall 

thickness (T) 

Diameter 

of loaded 

area (D) 

Fp Fs Damage 

state 

7 293 tons 29 MN・s 118 MN 1680 mma) 12 m 153 MN 132 MN Penetration 

8 319 tons 35 MN・s 147 MN 11 m 136 MN 117 MN Perforation 
a) The wall thickness of the second RC wall was 1800 mm, and the rebar was deployed 60 mm beneath the

concrete surface. Thus, the effective wall thickness was (1800 - 2・60) mm.

Figure 7 Overview of a simulation model of consecutive impacts into two RC walls 

(a) Case No. 7 (1st 1200 mm, 2nd 1800 mm) (b) Case No. 8 (1st 1000 mm, 2nd 1800 mm)

Figure 8 Damage state of the second RC wall caused by the aircraft’s consecutive impacts into two RC walls 

Inner RC wall 

21.0 m 

9.4 m 

Outer RC wall 
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Table 4 Comparison between the estimation and simulation results on the damage state of the second RC wall 

No. 
Estimation with 

UKAEA equation 

Simulation results 

Damage state Scabbing area 

7 Penetration Scabbing 197 m2 

8 Perforation Perforation － 

Evaluation of effect of impact angle 

In this section, impact simulations using the 3D model of an aircraft engine and an RC wall were conducted 

at impact angles of 90, 60, 45, 30, and 10 degrees. The damage state of the RC wall, and the relationship 

between the impact angle and the damaged area on the back side of the RC wall was revealed. The F4 

Phantom engine was considered as the projectile. The specifications of the RC wall were 7000 mm in length, 

7000 mm in width, 1150 mm in thickness, and a 23.5 MPa compressive strength (Sugano, et al. (1993)). 

Relationship between impact angle and damage state of RC wall 

Figure 9 shows the simulation results of the aircraft engine deformation and the damage states of the RC 

wall. This figure also shows the approximate dimensions of the damaged area on the back side of the RC 

walls. As the impact angle became smaller, the engine slid on the concrete surface, and the damaged area 

on the front side increased. But the engine slipped after the impact and slid to the outside of the wall without 

causing damage when the impact angle was 30 degrees or less. Thus, the  damaged area on the front side 

did not increase at these impact angles. As the impact angle became smaller, the damaged area on the back 

side of the wall also decreased. Figure 10 shows the relationship between the impact angle and the damaged 

area on the back side of the RC wall. The damaged area decreased in accordance with the decrease in the 

impact angle, and the relationship between the damaged area and the angle was approximately linear. 

In a previous study (Tanaka and Ohno (2004)), a lead projectile was shot into a concrete slab at high speed 

to obtain the relationship between the impact angle and the penetration depth. This study revealed that the 

penetration depth when the impact angle was 90 degrees was the largest, and the penetration depth 

decreased almost linearly as the angle became smaller. Since the damaged area on the back side is analogous 

to the penetration depth at each impact angle, it was concluded that the results in Figure 10 were reasonable. 

t = 0 sec.         t = 0.05 sec.  t = 0.1 sec. (front side)         t = 0.1 sec. (back side) 

t = 0 sec.          t = 0.05 sec.                      t = 0.1 sec. (front side)        t = 0.1 sec. (back side) 

3900 mm 

2500 mm 

2
2
0
0
 m

m
 

90 deg. 

60 deg. 

90 

60 

3
9
0
0
 m

m
 

Figure 9-1 Damage state of aircraft engine and both sides of the RC wall after impact (90, 60 degrees) 
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t = 0 sec.   t = 0.05 sec.  t = 0.1 sec. (front side)  t = 0.1 sec. (back side) 

t = 0 sec.      t = 0.05 sec.  t = 0.1 sec. (front side)  t = 0.1 sec. (back side) 

t = 0 sec.                             t = 0.05 sec.                 t = 0.1 sec. (front side)         t = 0.1 sec. (back side) 

Figure 9-2 Damage state of aircraft engine and both sides of the RC wall after impact (45, 30, 10 degrees) 

Figure 10 Relationship between the impact angle and the damaged area on the back side of the RC wall 
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Method for predicting damage state of second RC wall during consecutive impacts into RC walls 

with diagonal angle 

In the previous sections, the damage state of the second RC wall was examined in the case when the 

aircraft crashed into consecutively two RC walls at an impact angle of 90 degrees. The effect of the impact 

angle on the damage state of the RC wall was also examined. Generally, it is possible that in an actual 

atomic power plant an aircraft crashes into the outer RC wall at a diagonal angle instead of 90 degrees due 

to the effect of the neighboring landscape. In this section, the prediction methods for the damage state of 

the RC wall after the impact at a diagonal angle with the UKAEA equation or by already obtained impact 

simulation results were examined. 

The specifications of the RC wall for this examination were the same as those in the case of No. 7, and 

the impact angle of the aircraft was set to 67.5 degrees. The prediction with the UKAEA equation was 

“penetration” in the case of No. 7 in the previous section; thus, the estimation results with the UKAEA 

equation in the case of the impact at a diagonal angle was “penetration” as well when the specifications of 

the RC walls were the same as those of No. 7. 

Next, a method for predicting the damage state with a diagonal impact with the simulation results of the 

head-on impacts into the RC walls shown in the case of No. 7 in the previous section was examined. 

Consecutive impact simulation into the RC walls in the case of No. 7 showed that the scabbing area at the 

back side of the second RC wall was 197 m2 (9.4 m in height and 21.0 m in width). According to the 

relationship between the impact angle with a diagonal impact into the RC wall caused by an aircraft engine 

and the damaged area on the back side of the RC wall, as shown in Figure 10, the damaged area on the back 

side of the RC wall became about half of that with a head-on impact when the impact angle changed from 

90 degrees to approximately 67.5 degrees. Based on these results, the damage state of the second RC wall 

was predicted to be “scabbing”, and the damaged area on the back side of the RC wall was about 100 m2, 

which was about half of the value with the head-on impact in the case of No. 7. 

Diagonal impact simulation with the same 3D simulation model as the case of No. 7 with the aircraft 

impact angle of 67.5 degrees was conducted (No. 9). This simulation was conducted to confirm the accuracy 

of the prediction with the UKAEA equation or by the already obtained impact simulation results, which 

were head-on impact simulation results (No. 7) and the aircraft engine impact simulation results shown in 

Figure 10. Table 5 summarized the prediction results and 3D simulation results in the damage state of the 

second RC wall. Figure 11 shows the damage state of the back side of the second RC wall caused by the 

aircraft impact at 67.5 degrees. It shows that the damaged area of the back side decreased greatly from the 

value in the case of No. 7, and the area was about 0.4 m2 (1.0 m in height and 0.4 m in width). This value 

became approximately 0.2 % of the value of the scabbing area, which was about 197 m2 in the case of No. 

7. The damage states in these simulation results were bigger than those obtained by prediction with UKAEA

equations, which are “penetrations”. But the scabbing area in this simulation was small, and the difference

between the prediction with the UKAEA equation and the simulation results was smaller than that shown

in the previous section in the case of No. 7. Therefore, the difference of the damage state between the

prediction with the UKAEA equation and by simulation was thought to be within a reasonable range as

with the case of No. 7. On the other hand, the scabbing area in the simulation was much smaller than the

predicted scabbing area obtained by the head-on impact simulation results, which is approximately 100 m2.

One of the reasons for this difference is that the impact into only one RC wall was considered in the impact

simulations for creating Figure 10. The impact simulation conducted in this section was consecutive impacts

with two RC walls, and the effect of the impact angle on the behavior of the projectile and the RC walls at

the impact must appear twice and is different from the simulation conducted for Figure 10. In other words,

the projected area on the RC wall of the fuselage was bigger when the impact was at a diagonal angle than

when there is a head-on impact. Then, the velocity of the fuselage after the perforation of the first RC wall

was assumed to be lower when the impact was at a diagonal angle than when there is a head-on impact. In

addition to the effect during the perforation, the effect of the diagonal impact on lessening the scabbing area

in the second RC wall occurred when the projectile crashed into the second wall. Therefore, the effect of
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the diagonal impact appeared twice, and the amount of the scabbing area became smaller in the diagonal 

impact simulation compared to the prediction using head-on simulation results. 

Only one case of the impact simulation with a diagonal angle was carried out in this section under the 

conditions of the case of No. 7, and it was indicated that the damage state of the back side of the second 

RC wall was mitigated when the diagonal impact angle became shallower. In the future, more impact 

simulations at various impact angles with various second RC wall thicknesses should be conducted, and the 

evaluation of the effect of these parameters on the damage state of the second RC wall needs to be conducted. 

Moreover, impact simulation of an aircraft at various impact angles is necessary to confirm whether the 

damaged area of the second wall decreases linearly in accordance with the impact angles in the same way 

as shown by the results of the impact simulations of the aircraft engines crashing into the RC walls at 

various diagonal angles. 

Table 5 Prediction results and simulation results on damage state of second RC wall after consecutive 

impacts at diagonal angle 

Method Damage 

state 
Scabbing area 

Estimation by UKAEA equation Penetration － 

Prediction using head-on simulation results (No. 7) and diagonal 

impact simulation results (Fig. 10) with aircraft engine 
Scabbing 100 m2 

Diagonal impact simulation (No. 9) Scabbing 0.4 m2 

Figure 11 Simulation results of consecutive impacts into two RC walls (1200 mm, 1800 mm) 

(back view t = 0.8 sec) 

CONCLUSION 

In this study, an impact simulation of an aircraft crashing into an RC wall using a 3D simulation model of 

a projectile was carried out. We reached the following conclusions. 

(1) The following results were indicated by the simulation results of consecutive impacts into two walls

① The impulse of the load function at the moment of the impact into the second wall decreased

linearly in accordance with the increase of the first RC wall thickness. From these results, it was

suggested that the impulse of the load function after the aircraft perforated the first RC wall should

be determined under the conditions shown in Figure 12.

1.0 m 

0.4 m 



25th Conference on Structural Mechanics in Reactor Technology 

Charlotte, NC, USA, August 4-9, 2019 

Division IV 

12 

Figure 12 Relationship between the impulses of the load function after perforation of the first RC 

wall and the first RC wall thickness 

② The mapping ranges of the loaded area at the moment of the aircraft impact increased with

increasing first RC wall thickness.

(2) A method to evaluate the damage state of the second RC wall without numerical simulations when

an aircraft crashed into two RC walls consecutively was examined. A method utilizing already

obtained simulation results, such as the impulses of the load function at the moment of impact into

the second wall, was selected. The prediction method for the damage state of the second RC wall

with the UKAEA equation was investigated in this study. To confirm the accuracy of this prediction

method, numerical simulation with a 3D model was conducted. And it was found that there was a

case where the predicted damage state of the RC wall with the UKAEA equation was not the same

as the simulation results. However, the difference between the damage states of the second RC wall

in both cases was not so significant, that a prediction with the UKAEA equation may be useful for

a preliminary evaluation of the damage state.

(3) It was confirmed that the damaged area of the back side of the RC wall decreases linearly in

accordance with the impact angle from the simulation results with various impact angles.

(4) A method for predicting the damage state of a second RC wall at consecutive impacts into two RC

walls at a diagonal impact angle was examined. The predicted results were compared with the

simulation results. The predicted results were not in good agreement with the simulation results,

and the causes of this difference were discussed. Only one case of diagonal impact simulations with

an aircraft was conducted in this study, and more results in the diagonal impact simulation need to

be collected in the future to enhance the accuracy of the prediction method for a diagonal impact

into a second RC wall.
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