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Summary 

Ooms Avenhorn Holding bv was invited to design a maintenance option for a 
cement concrete runway at Frankfurt International Airport. Finite element 
analyses, including infinite boundary elements and moving loads, have been 
utilized to evaluate the feasibility of the proposed maintenance option consisting 
of a fiberglass reinforced and Sealoflex® polymer modified asphalt. The results 
showed that it is possible to carry out maintenance in a staged process during 
nighttime. 

Introduction 

Frankfurt Airport (Fraport) is a large international airport and an important 
hub in intercontinental air traffic. To meet the growing demands in air 
transportation, both in volume and in loads, Fraport must expand its capacities. In 
the next years, Fraport will build a new runway. Next to that, a thorough 
rehabilitation of the northern runway should result in a structure that can 
withstand the loading by so called New Large Aircrafts like the Airbus A3XX-
series and remain free of maintenance for a long period of time. During the 
reconstruction phase, the runways must be available during daytime, thereby 
putting heavy demands on the planning of the work. The northern runway now 
consists of a jointed cement concrete pavement on a cement treated base. Fraport 
has chosen to remove the current pavement and replace it by a 600 mm thick 
asphalt concrete pavement. Ooms Avenhorn Holding was invited by a bidding 
contractor to design an alternative maintenance option. This paper describes the 
design and analysis of a durable maintenance solution. It will also become clear 
how finite element analyses were utilized to verify the proposed solution during 
the construction phases and the in-service period.  

Proposed Maintenance Option 

The proposed solution for the rehabilitation of the northern runway is to 
crack and seat (panel size 5 m by 5 m) the existing jointed PCC runway and 
overlay it with 150 mm Sealoflex® polymer modified asphalt with GlasGrid® 
fiberglass asphalt reinforcement. The overlay is built up of three layers of 50 
mm. After the application of each layer the runway must be available for air 
traffic. The goal of this finite element analysis is to ascertain that a 50 mm 
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asphalt overlay can withstand the passage of a certain number of aircrafts during 
the construction phase and that the 150 mm overlay meets the requirements 
during the desired lifespan. 

The critical location in the structure is the asphalt overlay above a 
construction joint in the PCC. Two types of loading are significant of which the 
first is thermal reflective cracking. Previous studies have shown that the 
combination of reinforcement and a PMA is very crack resistant [1]. This study 
focuses on the traffic loading. Due to the complex landing gear configurations 
and the presence of a joint in the base layers, it is impossible to determine in 
advance the critical loading conditions. Whereas in normal calculations the 
horizontal strains in the bottom of the asphalt layers are determined to estimate 
the lifespan of the structure, in this case shear forces might be determinative. 
Therefore the passage of a full landing gear of an Airbus A380, comprising two 
6-wheeled body gears and two 4-wheeled wing gears, over the joint has been 
modeled. 

Finite Element Mesh Preparation 

The analyses have been carried out with the finite element system INSAP-3D, 
which is under continuous development at the Structural Mechanics department 
of Delft University of Technology. The following features were utilized: linear 
elastic materials, infinite boundary elements and moving loads. 

Because the loading times are short and the analyses comprises a fatigue 
limit state analysis (with relatively small deformations/strains), the use of a linear 
elastic material model is justified. An additional advantage is the relatively small 
computation times, easy comparison with conventional design tools and 
comprehensible material parameters. 

  
figure 1 Verification of placement of infinite boundary elements 

To reduce the number of elements involved in the simulation, infinite 
boundary elements were introduced to simulate infinity at the boundaries of the 
mesh [3]. In a course mesh, with the same dimensions as the final mesh, a 
comparison was made between INSAP-3D and KENLAYER [4], a linear elastic 
semi-infinite multi-layer program, to see if the structural behavior of the elements 
is consistent in the chosen geometry. In figure 1 two simplified finite element 



meshes are presented. In the right mesh the infinite boundary elements are placed 
in the most proper way. To create the final mesh in this way would be too time 
consuming, because of the (manual) mesh refinements that are needed. Also the 
wheel path of the landing gear would be influenced. For these reasons the mesh 
on the left side was made and also tested to check the validity.  

It was found that the results with both FE meshes are not significantly 
different. When the results of the FE analyses are compared to the results of an 
analysis with KENLAYER, it is found that the deflection profile of the finite 
element analyses is about 10% lower than the multi-layer calculation, as shown 
in the graph of figure 2. The strains in the bottom of the asphalt overlay, which 
are the main parameter in determining the lifespan, are not showing significant 
differences between the different tools. 

 
figure 2 Comparison of deflections with INSAP-3D and KENLAYER 

The curve with the title INSAP-3D 1 represents the displacements in the mesh 
with the more advanced way of modeling infinite boundary elements, as shown 
in the right part of figure 1. The curve entitled INSAP-3D 2 represents the model 
with the alternative placement of elements. The differences in deflections 
between KENLAYER and INSAP-3D are most probably caused by the small 
thickness of the "infinite" sand subgrade layer. When the thickness of the sand is 
increased, the deflections also increase. The final mesh was not extended though, 
since this would lead to longer computation times and problems with the 
limitations of the computational facilities. 

Finally, as recommended in previous publications [2], the moving load 
option was introduced in INSAP-3D. With this option, multiple wheel loads can be 
applied easily and they can be moved over the mesh with every step of the 
analysis. By doing so, the position at which the highest stresses and strains occur 



in the structure, can be determined. It was found that the material properties and 
thickness of the layers do influence this position. With an iterative procedure the 
3D principal stresses and strains are calculated from the orthogonal and shear 
stresses/strains. The position of the load is not strictly dependent on the mesh, but 
it does influence the accuracy. Therefore the surface of the mesh has a regular 
pattern with some refinements near the joint.  

FE Mesh for Analysis of the Maintenance Option 

The finite element mesh consists of 3043 20-noded cubic elements, 288 12-
noded infinite boundary elements and 624 16-noded interface elements. Figure 3 
shows a deformed detail of the mesh with a sand layer; 250 mm CTB; 350 mm 
PCC and 150 mm PMA. A joint with a width of 4 mm is introduced in the 
concrete. In this area, the mesh is refined. An interface is placed between the 
asphalt overlay and the cement concrete. Around the mesh the infinite boundary 
elements are placed. 

 
figure 3 Detail of the INSAP-3D finite element mesh 

In total 7 different analyses have been carried out. The characteristics of 
these cases are presented in table 1.  

table 1 Properties of the 7 runway analyses 

case 
thickness 

overlay [mm] 
E modulus 

asphalt [MPa] 
E modulus 

concrete[MPa]
E modulus 
CTB [MPa]

E modulus 
sand [MPa] 

1 50 1000 
2 50 5000 
3 50 10000 
4 150 1000 
5 150 5000 
6 150 10000 

150 5000 7 joint width = 8 mm 

30000 5000 100 



Computational Results 

In most traditional analyses of flexible or semi-rigid (composite) pavements 
the estimation of the lifespan is based on the tensile strain at the bottom of the 
asphaltic overlay. The outcomes of the analyses for Fraport regarding the 
principal strains showed principal tensile strain values that are much higher than 
the horizontal tensile strain values.  

In figure 4 the principal tensile strains in the asphalt above (and along) the 
joint are presented for each time step. From the picture it becomes clear that 
before and after the passage of each wheel over the joint, a large concentration of 
strains occurs. Due to the fact that the strains are mainly caused by shear strains, 
the direction is more or less diagonal. Obviously the directions of the diagonals 
are opposite just before and after the wheel passage.  

 
figure 4 Representation of principal tensile strains for case 2 (see table 1) 

Based on weather and existing pavement data, a joint width between 4 mm 
and 8 mm can be expected. For these analyses a joint width of 4 mm is assumed, 
except for case 7 where 8 mm is applied. The joint width appears to have a 
significant influence on the deformations and stresses in that area. In the case of a 
joint width of 8 mm (cold weather situation), the stresses and strains increase 
dramatically. 

Table 2 on the next page shows the maximum values of stresses and strains 
along the joint. Based on asphalt mixture fatigue curves no problems are 
expected during the construction phase. The use of asphalt reinforcement is 
needed to obtain a long lifetime of the overlay during the in-service period.  



table 2 Maximum values of the computational results* 

 
horizontal tensile 

strain [µm/m] 
max shear 

strain [µm/m]
principal tensile
 strain [µm/m] 

principal tensile 
stress [MPa] 

case 1 218 1796 1490 0.23 
case 2 49 773 733 0.23 
case 3 26 430 422 0.59 
case 4 142 1883 1605 0.13 
case 5 26 728 701 0.35 
case 6 37 394 389 0.77 
case 7 218 1675 2166 2.41 

* Maximum values along the joint 

Conclusions and Recommendations 

The use of finite elements in the design of overlay maintenance options has 
lead to a better understanding of the loads that are induced by complicated 
aircraft landing gear configurations. The moving load function proved very 
useful in determining the most critical position of the landing gear in relation to 
the joint in the existing concrete pavement. The calculation of principal values is 
required when shear strains are significant. The use of infinite boundary elements 
proved effective in reducing the mesh size without significant loss of accuracy 
(when properly applied).  

In order to allow a better incorporation of the crack propagation mechanism 
into the evaluation process of asphalt maintenance options, adequate three-
dimensional finite element tools should become available; at least for 
experienced users. This because at the moment only 2-D computational results 
are known [1]. 
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