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Analysis of the collapse of Terminal 2E of Charles de 
Gaulle Airport (Paris) 
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Description 

Description: The vaulted structure with an elliptical section, 
made up of prefabricated concrete blocks (30 cm in length and 
4 m in width), was largely interrupted by openings for the 
passage of light into the terminal. In turn, three walkways 
connecting the boarding area with the central area interrupt 
the structure of the vault, and it is precisely in this area that 
the fault occurs. One of the initial causes of the collapse, 
among other things, is the failure due to the perforation of the 
concrete vault by the metal beams that supported it.  
 
A forensic analysis has been conducted with CivilFEM Powered 
by Marc to determine the causes of the collapse and possible 
technical solutions. 
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Description 

 To find out if the cause of the collapse could have 
been the lack of bending or shear reinforcement, we 
started by performing a check according to Eurocode-2. 
First, an elastic analysis with large deformations was 
performed to take into account the second-order 
effects due to the loss of deflection. The vault has been 
recreated with Shell-type structural elements, 30 cm 
thick, and has been reinforced by bracing and beams. 
Both the braces and the beams have been simulated 
with beam-type structural elements. The objective of 
this reinforcement is to work together with the lower 
concrete vault, supporting the bracing of the traction 
and the concrete vault the compressions.  
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Description 

For the calculation of the ULS, 
the corresponding coefficients 
have been applied in accordance 
with Eurocode 2.  
 
With CivilFEM powered by Marc 
we also considered the effect of 
temperature, because there was 
a difference of more than 10 
degrees between the outside 
temperature and the inside 
temperature of the building the 
night before the collapse. 

Image of the loading of the glazed vault 

Image of lateral wind load 
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Results 

As no slab reinforcement data are available, a longitudinal and transverse reinforcement that meets the EC2 bending 
reinforcement criteria has been considered. 
 
In view of the results, the lateral areas need a higher reinforcement due to the concentration of tension. In this case it 
would coincide with the areas with the highest curvature. 

Bending  
reinforcement 
 on the upper face 
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Results 

The results of the reinforcement show that the area of affection is located in the lower part of the vault cover. After 
the collapse, the vault was broken mainly by these three areas but, since we do not know the amount of 
reinforcement available, we cannot determine whether or not it was insufficient. 

Bending  
reinforcement  
on underside 
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Results 

In addition, the structure is exposed to high shear stresses, especially in the connections between the concrete and 
the beams. 

Shear Reinforcement  
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Results 

The previous picture shows that the shear 
reinforcement, for that section, cannot be calculated 
because the strength of the concrete has been 
exhausted by compression in the well. These CivilFEM 
results therefore indicate that it is not possible to 
design the shear section according to Eurocode-2 in 
the connection between beams and vault. The reason 
for this is the failure of the concrete compression rod, 
regardless of the amount of shear reinforcement that 
exists. Therefore, the edge of the vault was insufficient 
to withstand these stresses, a result that is consistent 
with what was observed after the collapse, where the 
concrete of the vault was crossed by the beams. 

Connection of beams and vaults 
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Results 

To solve this problem, the design of the connections, i.e. the beams, could be improved or the thickness of the 
concrete in the vault could be increased. 
If the thickness of the vault were increased to 0.45 m, the calculation of the shear reinforcement would be feasible, 
since the shear stresses of the section would be less than the maximum allowable stresses per standard. 

Thickness of concrete voult 0,45m 
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Results 

On the other hand, the structure also presented problems of large initial deformations, close to 20 cm, 
well over the 5 cm expected deformation. To analyze the origin of this excessive deflection, we performed 
a second order non-linear analysis taking into account the creep of the concrete, to determine whether 
this deflection was due to a problem during the concrete execution and placement processes, or an error 
in the actual analysis of the deflection. In the graphic you can see how the deflection is about 12.5 cm 
after execution, reaching 20 cm due to creep. 

Creep after 2000 days 
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Results 

In this analysis, only dead loads were taken into account and no thermal or wind loads were applied, which, as we 
have seen in the analysis by EC, generate the failure by punching in several rows of beams. To simulate this effect, we 
repeated the previous analysis but also simulated in day 2000 the loss of the concrete disconnection of these rows of 
beams. When representing in this second calculation the deflection we can see that a sudden drop occurs due to the 
thermal effect and the breakage by punching of the concrete in these beams. 

Strain in the concrete 
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Results 

Witnesses to the collapse say that the noises of concrete breaking and cracking and dust falling before the vault collapsed were 
heard, which is consistent with the results obtained. 
Finally, a totally non-linear analysis was performed, activating the cracking and compression behaviour of the concrete in 
CivilFEM, in addition to the creep and second order effects, both with Shell elements and solids for the concrete vault. In this 
model the permanent loads are applied during the first 2000 days and on the last day the temperature and wind loads are also 
applied. 

Areas affected by concrete cracking 
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Results 

Little visible cracking of the concrete can be observed in the connection areas between concrete and beams due to the 
shear effect already described, as well as in other areas due to bending and excessive deformation.  
The graph shows how the deformation increases progressively until it reaches a point where it suddenly changes when 
the thermal loads are applied. 

Strain taking into account cracking 
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Conclusion 

Below we compare the results calculated by the designer with the real results and those obtained with CivilFEM 

Short-term deflection (cm) Long-term deflection (cm) 
 

Project design 
2.80 5.00 

Permissible value 
12.40 10.40 

CivilFEM pow. By Marc 
12.49 19.25 

On-site measurement 
10.00 20.00 
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Conclusion 

Therefore and based on the results, the structure had a design error in the connections 
of the beams, since their operation depended on the collaboration between the vault 
and the upper bracing. 
 
We can see how a first linear analysis according to Eurocode 2 allows us to intuit the 
possible structural failures that are demonstrated in the detailed non-linear analysis 
that models with great accuracy what happened.  


