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Figure 10. Comparison between the effects of a 

single walker and a group of eight walkers. 

Figure 11 compares the acceleration time histories 
of a group of twelve people walking in 
synchronization and the same group of people 
walking at their natural pace and phase. While 
generally greater accelerations were recorded 
during the synchronized walk, the isolated peaks of 
accelerations from the natural walk were of the 
same order of magnitude as the ones obtained 
from the synchronized walk. The lines (a) and (c) 
correspond to the theoretical amplifications of the 
above-referenced one-person walk using the 
models in [6] and [7], respectively. 

 
Figure 11. Comparison between natural and 

synchronized group walk. 

4 Conclusions 
This paper discussed a methodology for assessing 
the user comfort due to pedestrian-induced 
excitations and summarized the most common 
wind-induced instabilities to consider.The Authors 
also presented a case study illustrating the analysis 
and monitoring of the dynamic performance of a 

pedestrian bridge. The study showed that a small 
number of accelerometers can be adequate to 
capture the fundamental modal properties of a 
bridge deck and to assess user comfort. 

The following takeaways can be drawn. 

 A detailed dynamic analysis aiming at 
evaluating the anticipated risk of 
pedestrian-induced discomfort and/or 
wind instabilities in the early stages of the 
design phase is paramount for a successful 
project. 

 Simulating crowds with mass-stiffness-
damper systems, rather than a simple 
force, leads to more realistic predictions of 
the acceleration levels.  

 Monitoring vibrations is a viable tool to 
validate the design model and assess the 
dynamic performance of a pedestrian 
bridge throughout its service life. 
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Abstract 
The New Storstrøm Bridge in Denmark is a 3800m long concrete girder bridge with 44 standard 
spans of mostly 80m and two navigational spans of 160m which are stay cable supported. The 
foundations are constructed as direct pad foundations, i.e. with the ability of the caissons to slide 
and rotate on gravel beds. The bridge supports two high-speed railway tracks and two lanes of road 
traffic. The waters of Storstrømmen are prone to high naval activity and this, in combination with 
relatively flexible foundations and high dynamic sensitivity of the girder due to train runability 
requirements, implies that ship impact scenarios are a critical design parameter. In the present 
paper, nonlinear dynamic ship impacts performed for the detail design are presented. The 
simulations include nonlinear representation of soil stiffnesses as well as ship indentation 
properties. Also, nonlinear geometric effects and strongly nonlinear bearing uplift effects are 
considered. Detailed descriptions of the complex structural response mechanisms occurring during 
critical ship impacts are provided and the influence of girder/pier tie-down cables on uplift 
magnitudes are presented. 
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1 Introduction 
The New Storstrøm Bridge in Denmark is a 3800m 
long concrete girder bridge with 44 standard spans 
of mostly 80m and two navigational spans of 160m 
which are stay cable supported. The foundations 
are constructed as direct foundations, i.e. with the 
ability of the caissons to slide and rotate on gravel 
beds. The bridge supports two high-speed railway 
tracks and two lanes of road traffic. Ramboll has 
been the main structural designer of the detailed 
design. 

The waters of Storstrømmen are prone to high 
naval activity and this, in combination with 
relatively flexible foundations and high dynamic 
sensitivity of the girder due to train runability 
requirements, implies that ship impact scenarios 
are a critical design parameter. Also for the 

Øresund Bridge and the Great Belt Bridge in 
Denmark, ship collision was found to be one of the 
most important load cases [1]. In the present paper 
the nonlinear dynamic ship impacts performed for 
the detail design are presented. The simulations 
include nonlinear representation of soil stiffnesses 
as well as ship deformation properties. Also, 
nonlinear geometric effects and as well as strongly 
nonlinear bearing uplift effects are considered.  

The general arrangement of the bridge is shown in 
Figure 1. The bridge consists of three frames; the 
north frame, the central frame and the south 
frame. The longitudinal stability of the north and 
south frames is ensured by fixed piers at 14-12N 
and 13-15S respectively and by 1C for the central 
frame. All other piers and abutments have 
longitudinal sliding bearings. The three frames are 
connected by longitudinal shock transmission units 
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