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Residual stress measurements of curved steel

Mechanical properties of curved steel

Gateshead Millenium bridge, 
Newcastle UK, Cocks, Carmichael, 
Whitford

Subject
Arches are structures which are curved in 
elevation and carry their main loads by means of 
compression and bending. Their application is in 
bridges and large span roofs of buildings.
Goal
The objective of the research is to gain new 
knowledge on the out-of-plane behavior of 
freestanding steel arches and to derive design 
rules on the basis of this knowledge.

Numerical model featuring out-of-
plane structural stability behavior

Apart from the initial crookedness and twist, the 
bending process in terms of residual stress, 
hardening and cross-sectional imperfections has 
an effect on the arch behavior which has to be 
quantified to determine the degree to which these 
aspects need to be taken into account.
By means of a numerical and experimental 
approach it is aimed to gain insight in the 
influence of the bending process.
(Expected) Results
Thus far the following results have been achieved:
• Analytical expression of the in-plane plastic 
capacity of steel arches.
• Numerical model composed of solid elements 
simulating the roller bending process to a certain 
extent.
• Residual stress measurements on steel sections.
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Cold bent specimen HE 100A (left) and residual stress 
measurements (right)

Tensile test
250 kN Schenck testing machine

0

100000

200000

0 60 120
vert. trans. [mm]

 F
or

ce
 [

N
]

MNA LBA GMNIA GNIA

Arch load-deflection characteristics
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Subject  

The main application for arches is in bridges and large span roofs of buildings. Bridges and buildings 
may be built with single freestanding arch-ribs for which out-of-plane stability is the dominant design 
criterion. For these structures, the behavior is not fully understood and design rules against inelastic 
lateral buckling are not available. 

Goals 

It is the objective of this research to gain insight into the out-of-plane stability behavior of freestand-
ing arches and to develop design rules for these structures. 

Research Question 

How can the structural stability behavior of steel arches and its influencing factors be quantified and 
translated into design rules? 

Strategy  

The effect of the roller bending process (altered mechanical properties, residual stresses and cross-
sectional properties) and initial crookedness and twist on the structural behavior of steel arches needs 
to be studied to determine the degree to which these issues need to be taken into account. Subse-
quently a parameter study is executed to study the out-of-plane stability behavior of arches and to de-
rive a design rule. 

Expected Results 

New design rules for the out-of-plane stability of hot-rolled wide flange steel arches which reflect the 
structural behavior and take into account the effect of the roller bending process.  
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