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Abstract. The purpose of this study is aimed at assessing the capabilities to numerically simulate 
the dynamic phenomenon of a Boeing 747 jetliner impacting against a reinforced concrete wall.  
The geometry of the numerical model of the jetliner is adjusted to fit the Boeing data which are 
available publicly.  The thickness of the wall is 3 meters and the impact velocity is 300 km/h.  
Because of the highly nonlinear characteristics of the phenomenon the strain hardening and the 
strain rate effects are considered for the constitutive models of the jetliner and the concrete.  The 
simulation shows that the concrete wall exhibits no severe damage by the impact under the 
conditions assumed in the study. 

Introduction 
An accident previously considered hypothetical became real when the hijacked Boeing 767 
passenger jet crashed into the North Tower of the New York World Trade Center on September 11, 
2001.  The possibilities of aircraft impacts against infrastructures have been investigated mainly in 
nuclear industries since 80’s [1], [2].  However, the aircrafts discussed in these studies were not 
commercial jetliners but military jet fighters such as an F-4 Phantom. 

In the present paper, a three-dimensional computer simulation of the impact of a Boeing 747 
passenger jet against a reinforced concrete wall has been conducted using the AUTODYN®-3D 
computer program [3].  The B747 is almost 15 times as heavy as the F-4.  All the components of 
the jetliner of our numerical model, namely, the fuselage, the wings and the engines are modeled by 
shell elements.  The concrete is modeled by solid elements and the reinforcement by beam 
elements.  The impacts between these elements are examined by a contact capability.  An eroding 
slideline capability is utilized to prevent mesh tangling.  The Johnson-Cook constitutive equations 
[4] are applied to aluminum, and the RHT model [5] to the concrete.  

The numerical results were discussed over the crushing behavior of the B747, the impact force 
loaded on the wall.  Recommendations for future studies are presented to improve the accuracy of 
the simulation. 

Finite Element Model 
The AUTODYN®-3D utilizes various numerical solvers such as finite element, finite difference, 
finite volume and smooth particle hydrodynamics (SPH) methods.  In the present study shell 
elements are used for the jetliner.  Hexahedral solid elements are used for modeling the concrete 
wall, and beam elements for the reinforcements. 

 
Boeing 747 jetliner  The geometry of the jetliner is created first by the general-purpose 

TrueGrid mesh generation computer program [6].  Then the obtained geometry is imported into the 
AUTODYN finite element model as shown in Fig.1.  The overall length is 70.5 meters and the 
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wing span is 64.0 meters.  The thickness of the shell elements is adjusted so that the numerical 
model is consistent with the Boeing 747 data [7].  The total weight of the jetliner is thus 340 tons 
including four engines and the fuel.  Each engine weighs 4 tons and the fuel 100 tons.  The 
impact velocity of the jetliner is assumed to be 300 km/h which slightly exceeds the landing speed 
of about 280 km/h.  Because of the intense impact loading condition a constitutive model for the 
material of the jetliner is required to take into consideration the strain hardening and the strain rate 
effects.  The Johnson-Cook model is adopted and the material properties of the 2024-T351 
aluminum are taken from [4]. 

 
 

Fig.1 Finite element model of a Boeing 747, a total of 26,092 elements, the total weight of 340
tons (the fuselage 216 tons, the fuel 100 tons, the engines 16 tons), 300 km/h. 

Fig.2 Initial mesh configurations of the concrete wall (left) and the reinforcement (right), the
concrete wall consists of fine meshes and coarse ones, totally 186,000 solid elements are 
used. 
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Concrete wall  The concrete target is a rectangular wall 150 meter long, 60 meter high and 3 
meter thick.  As shown in Fig.2 fine meshes are assigned to the central region where the impact 
loading is concentrated while coarse meshes are used for the surrounding region.  The former 
region has a face of 60 meter ×  30 meter and a thickness of 3 meters which consists of 
120×60×15 meshes.  The size of one solid element is then 0.5 meter ×  0.5 meter ×  0.2 meter.  
The surrounding region is divided uniformly into rectangular solid elements.  Each element has a 
size of 1.5 meter ×  1.5 meter ×  0.2 meter.  The concrete wall contains 186,000 elements totally. 

In order to represent the material nonlinearity of the concrete we adopted the RHT [5] model 
which has the following specific features like pressure hardening, strain hardening, strain rate 
hardening and damage with tensile crack softening.  The material properties calibrated with the 
compressive strength of 35 MPa are taken from the material library of AUTODYN. 

The bottom of the wall is rigidly fixed, while no boundary condition is applied to the other five 
surfaces. 

Reinforcement  Fig.2 shows the reinforcing bars.  The number of longitudinal bars is 99 and 
that of lateral ones is 39.  They are placed 0.4 meter inside the front surface of the wall.  The 
same number of bars is put along the back surface.  The ration of the reinforcement is 0.8 percent.  
As for the material the SD345 steel is used.  The following material properties are used:  density 
of 3108.7 × kg/m3: bulk modulus of 51071.1 × MPa: shear modulus of 51088.7 × MPa: yield stress 
of 21015.2 × MPa: fracture strain of 0.19. 

Numerical Result 
Crashing behavior of the jetliner  Each engine changes its direction toward the center of the 

fuselage as shown in Fig.3.  Accordingly, the two inside engines tend to impact near the region 
where the nose of the fuselage hits the wall.  See also Fig.5.  The nose section bends backward 
because of the distinct bulge at the cockpit as shown in Fig.4.  We continue the simulation until 
500 ms.  At this stage the momentum of the jetliner decreases to 4 percents of the initial amount as 
shown in Fig.6.  The velocity transients at the nose and at the tail are shown in Fig.7.  

 

Fig.3 Deformed configuration at 400 ms when the two engines hit the central part of the wall.
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Damage to the concrete wall  When an concrete slab is impacted by a high speed  projectile 
with a blunt nose, a region near the rear surface of the slab is damaged because of hydrostatic 
tension waves.  This fracture phenomenon is called spalling or scabbing which leads to the 
fragmentation of the material.  In our simulation the ejection of concrete is not observed as shown 
in Fig.5.  A slight dent is formed at around the impact area. 
 

Fig.4 Mesh configuration at 500 ms after impact; the nose of the jetliner is severely damaged. 

Fig.5 Side view at 500 ms, no scabbing from the rear surface of the concrete wall observed (the 
surrounding coarse meshes of the wall not shown). 
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Impact force  The momentum of the concrete wall increases almost linearly until it reaches the 
first peak A as shown in Fig.8.  At this time the velocity at the nose of the fuselage reduces to the 
zero level and oscillates around it afterward (Fig.7).  The second peak B is recorded shortly after 
the engines impact the wall.  The transient of impact force is obtained by differentiating the 
momentum response of Fig.8 by time.  Fig.9 shows the impact force after a smoothing is applied.  
Distinct feature of this curve as compared with the impact force by the F-4 Phantom test [2] is the 
two separate peaks.  The latter one exhibits one peak.  This difference is attributed to the impact 
velocity.  Because of the higher velocity of the F-4 the force peak by the fuselage and the one by 
the engine are superimposed. 

Conclusions 
The simulation shows that the numerical models adopted in this study are useful to predict the 
response of the concrete wall impacted by the jetliner.  We may conclude that the reinforced 
concrete of 3 meter thickness is not severely damaged when it is impacted by the Boeing B747 with 
the velocity of 300 km/h.  However, in order to improve the accuracy of the simulation the 
assumptions adopted in the present study need to be reviewed for future studies.  For example, the 
weight of the fuel is distributed uniformly to all the elements of the jetliner because of the lack of 
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Fig.6  Momentum response of the fuselage. 
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information about its exact location.  The fuel needs to be modeled by solid elements and placed 
inside the wings and the fuselage. 

Finally, it requires three weeks of computer time to complete the simulation using a 3 GHz of 
Windows® PC. 
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