
Major maintenance and strengthening of  eight steel arch bridges 

in The Netherlands 
The rebuilding of the Weesperbrug 

 
J.C.A. (Anne) BLOM  
Structural Engineer 
Movares 
Utrecht, The 
Netherlands 
anne.blom@movares.nl 
 
Anne Blom, born 1978, 
received his civil 
engineering degree from the 
Technical College in ’s-
Hertogenbosch. He works 
for Movares  on steel and 
concrete bridge projects. 

  Bert H. HESSELINK  
Consulting Engineer 
Movares 
Utrecht, The 
Netherlands 
bert.hesselink@movares.nl 
 
Bert Hesselink, born 1965, 
received his civil engineering 
degree from the Technical 
College in Enschede. He 
holds a degree of 
Professional Master in 
Structural Engineering and 
works for Movares  on steel 
bridge projects 

 

 

 Summary 

The Weesperbridge is one of the eight bridges in the maintenance project which will be 
replaced by the Contractor, in a project for major maintenance and strengthening of this steel 
arch bridges. For the engineering much analyzes should be made. Each analyse expects a 
FEM model with different level of detail. Analyzes are made of strength, fatigue and stability. 

The transportation and installation of the new bridge has its restrictions. So there are the 
limited height of the other bridges across the Canal and the restriction to obstruct the river for 
a maximum of eight hours. These restrictions require an efficient and well-prepared method 
for the installation. 
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1. Introduction 

The Amsterdam-Rhine Canal is one of the main waterways in The Netherlands. The canal is 
an important connection between the port of Amsterdam and the Ruhr in Germany, making it 
one of the busiest canals in the world. The decision to construct the canal was made in 1931. 
Because of the economic crisis of the thirties and the Second World War, it took until 1952 for 
construction of the canal to be completed. Various roads cross the Amsterdam-Rhine Canal 
over dozens of arch bridges. 

A number of these bridges date to the early days of the canal and are therefore about 80 years 
old now. Rijkswaterstaat, the administrator of the canal, put out a request for tender for the 
major maintenance and strengthening of this steel arch bridges, to guarantee a residual life of 
30 years. One of the most important requirements for this project is to minimize disruption to 
traffic and shipping during the proceedings of the project. For this reason, the contractor 
decided to replace some old bridges with new ones, instead of doing lengthy and risky 
maintenance and reinforcement activities. By building the new bridges elsewhere, the old 
ones can be replaced within one weekend, with minimal disruption to the environment. 



 
Fig. 1: The old Weesperbridge 

2. The Replacement of the Weesperbridge 

The Weesperbridge is located east of Amsterdam and dates back to 1937. The Weesperbridge 
is one of the eight bridges in the maintenance project which will be replaced by the Contrac-
tor. The method to exchanging the old for the new bridge will minimize the nuisance for 
shipping on the The Amsterdam-Rhine Canal and the environment.  

The new Weesperbrug will be constructed at the works of the Contractor in Gorinchem, 
located at the river named Merwede. This location has an advantage for transportation, 
because the bridge can be transported across the river, over the North Sea and through the 
North Sea Canal to its final location on the Amsterdam-Rhine Canal. At the end of this paper 
the assembly, transportation and installation of this bridge will be described. 

3. Modeling 

For the engineering of the steel structure, different types of finite element models have been 
used. The expected output of a model depends on the analysis to be performed. The fatigue 
assessment of an orthotropic steel deck requires a different level of detail than the analysis of 
the deformation of the whole structure of the bridge. Despite the possibility to make complete 
detailed models, it’s not recommended to do that. In connection with the long calculation time 
and the inflexibility of the model. We used one global headmodel and different kinds of 
detailed sub-models. The sub-models are always based on the global headmodel. 

3.1 Mainmodel 

This is a global model of the bridge, wherein the bridge is modeled as a whole. This model 

consists of 1D elements, except for the steel deck, which is modeled in 2D elements. 

 

 
Fig. 2: The Mainmodel 

 
The main model is primarily intended for analyses of global forces. This basic model is used 
for: 

• Elaboration of Forces in the main structure; 



• Assessment of the main structure on the strength; 
• Assessment of the main gaiders, arch and pendants on fatigue; 
• Assessment of the (arch)stability; 
• Assessment of dynamic effects on the pendants. 

3.2 Submodels 

The deck of the Weesperbridge is an orthotropic deck structure consisting of a steel deck plate 
with troughs as stiffeners. This structure contains many welding details which are susceptible 
to fatigue. Because of that, a detailed model is necessary to evaluate the stresses in the steel 
deck. 

For realistic preconditions, a sub-model with 2D elements was integrated in the main model, 
as described earlier.   

 
Fig. 3: Sub-model integrated in the Mainmodel 

 
The sub-model covers three spans between the pendants. In the model a mesh of elements will 
be generated, which is refined around the analyzed locations. So the calculation time will be 
reduced and it’s still possible to make a detailed calculation of the stresses at the critical 
locations.  

  
Fig. 4: The refining and calculation of stresses around the cope hole in the crossbeam 

 
In this way other specific details of the bridge are analyzed, which includes: 

• The archspring; 

• The connection between pendants and the maingirder; 

• The connection between the pendants and the arch. 

The connection of the pendant to the maingirder is a special phenomenon. The pendants are 
connected at the cross point of the maingirder and the crossbeam. To simplify the assembly 
and the welding, the pendant will be only connected to the maingirder. The crossbeam web 
will be saved around the pendant. At first the deck plate around this recess became highly 
stressed because of the high tension in the pendant, because the deck plate wants to bend over 
the short length of de recess. When exceeding the recess, the deck plate had more deformation 
capacity, so the stress in the deck plate decreased. Conclusion for this detail: “Less is more.” 



 

Fig. 5: Decrease of stresses by increasing the recess 

4. Analyses on fatigue 

The dimensions of the orthotropic deck will be mainly determined by the fatigue analyses of 
the deck plate during its lifetime. Also parts of the main structure like the arch, maingirder 
and crossbeam have to deal with the fatigue problem and have to be examined. The main 
structure will be examined separately from the deck structure. For both analyses the spectrum 
of trucks must be determined.  

4.1 Spectrum of trucks 

The Eurocode [1] for loads on bridges has five standard types of trucks to analyze fatigue 
damage. It also gives the percentage of occurrence for all these trucks and for the different 
types of  traffic. The code also recommends the number of trucks a year, for the differ road 
types. 
For this project, there are counts available on the number of traffic in the last few years. Based 
on prognosticated traffic development, the number of trucks during the lifetime of this bridge 
was determined. In fig. 5 you will find the results of this analysis and the truck number 
recommended in the Eurocode for this kind of road type. It gives a large number of trucks 
during its lifetime and that is advantageous to the fatigueresistance. 

 

Fig. 6: The prognosticated development of traffic during the lifetime  

4.2 The way to deal with fatiguecalculations 

When making calculations of fatigue two kinds of things have be done: 

• Drafting the correct Wohlerline; 



• Analyze the stress intervals and determine the damage with the Miner rule. 

An example is given below. 

4.2.1. The drafting of the Wohlerline 

Specifications according to EUROCODE 1993-1-9 [2] and Kolstein [3]: 

Detail classification:  80 MPa (construction fail by 2 million intervals) 

Strength factor for fatigue: γm = 1,35 

Reduction factor for thickness ks = 0.863 

Reduced classification:   (by 2*106 intervals) 

Constant amplitude limit (breakpoint 1):  (by 5*106 intervals) 

Cut-off limit (breakpoint 2):  (by 1*108 intervals) 

4.2.2.      Analyzing the stress intervals 

For all types of trucks an influence line of the 
stresses should be made for each detail which 
must determined. With this line the fatigue 
damage by one truck can be determined. With 
the applicable Wohlerline and the Miner rule 
the total fatigue damage will be calculated. An 
example for one type of truck is given below. 

 

 

 

Number of intervals (N)  

Fig. 7: The Wohlerline  

 
Fig. 8: Trucktype in the example. 
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Fig. 9: The influence line of the truck showed above, for a detail in the maingirder. 

 
With this results the stress intervals can be calculated and plotted in the Wohlerline, then the 
damage will be calculated with the miner rule: 

 

 

 

If  D < 1, there’s now failure in the 
lifetime of the bridge. 

Fig. 10: Plotting intervals in de Wohlerline.   

5. Arch buckling  

It was decided to accurately calculate buckling lengths of the arch by using the finite element 
method (FEM). 

The Euler buckling mode calculated by FEM, corresponding to out of plane buckling, is 
shown in Fig.11.    

 

 

 

 

Fig. 11: Out of plane buckling (n=9.7). 

 

 

 



 
On the basis of this Euler buckling mode 
and the corresponding lowest eigenvalue 
of for the load case of factored dead load 
with traffic load, the buckling 

lengths for the arch can be calculated 
leading to 9,97 �lbuc = 9,729m (out of 
plane) and 10,93 �lbuc = 9,283m (in 
plane). 

In Eurocode 1993-2 [4] the elastic Euler 
buckling load is given for arch bridge is 
given in appendix D.3.4 Using table D.1  Fig. 12: In-plane buckling (n=10.93). 
of [4] then yields lbuc= 11,5 m (out of plane). It can be seen that this is a more conservative            
buckling length than the one found in the finite element calculation. The buckling lengths 
calculated by FEM were used for checking the individual members. 

5.1 Checking the members 

For all relevant load cases, the bending 
moments and the normal and shear forces 
were calculated by linear elastic analysis 
using the FEM model as shown in Fig. 6. 
Subsequently, member checks were carried 
out using the EUROCODE 1993 [5,6]. All 
members were checked for strength and 
stability by the appropriate interaction 
formulae. It could be shown that the unity 
checks for all members were satisfied. 
       Fig. 13: Tabel D.1 of [4]. 

6. Structural aspects during the instalation 

The assignment given by Rijkswaterstaat to the contractor is to realize the renovation or new 
construction with minimized disruption to the environment and shipping during the 
proceedings of the project. For this reason, the contractor had already decided to replace some 
old bridges for new ones. The old one and the new one should be exchanged in one weekend, 
which reduces the disruption to two days. However, the obstruction of the Amsterdam-Rine 
Canel is only allowed for eight hours, which means that the real exchange must be take place 
in this period. These restrictions require an efficient and well-prepared method for the 
installation. 

6.1 Production and en transportation 

The transport is also a problem. Because of the limited height of the other bridges across the 
Canal, the arch and its pendants must be separated from the rest of the bridge. The bridge will 
completely build up in de factory of the contractor. With this the arch and pendant will be 
installed detachable. The partitions becomes a temporary bolt connection. After the load-out 
on the factory, the arch will be lifted up. Both parts will be separately transported to a 
temporary construction site in a branch of the river. With two cranes on the quay the arch will 
be lifted up from the barge and dropped on the steel deck construction, which is laying on a 
pontoon.  First the arch will be connected to the bridge. After that the pendants will be 
connected one by one. 



6.2 The instalation 

When the whole bridge is assembled at the temporary construction site, the bridge will be 
transported to its final location on one pontoon. At that moment the bridge is supported on 
two point under de main girder. These points are the final bearings, which are other forces in 
the structure than expected in the final situation. Each step in this exceptional situation should 
be analyzed. This results in the following measures: 

• The installation of temporary columns between the arch and the main girders, to 
reduce the stress in these parts; 

• The pendants will be supported to prevent buckling; 

• The flange of the maingirder will be strengthened around the temporary bearings to 
reduce the stress; 

• In the girder web around the temporary bearing, stiffeners are added to prevent plate 
buckling.  

As previously stated, the exchange of the bridges while obstructing the river for more than 
eight hours is not allowed.  

Before the obstruction of the Canal, the old bridge moves out on a sliding track. During the 
obstruction the old bridge will be lifted up on a pontoon and shipped to a location to tear 
down. At the same time, the new bridge will be sailed into its final position on a pontoon. 
After this operation shipping on the Canal can be resumed. 

7. Conclusions 

The Weesper Bridge near Weesp dates back to the early seventies and has an concrete deck. 
Because of the current state of the bridge, additional strengthening measures are foreseen.  

One of the main requirements for this project is to minimize disruption to traffic and shipping 
during the proceedings of the project. For this reason, the contractor decided to replace the old 
bridge for a new one, instead of doing intensive and risky maintenance and reinforcement 
activities. By building the new bridges elsewhere, the old ones can be replaced within one 
weekend, with minimal disruption to the environment. 
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