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Abstract 
In 2013 a car fire on the New Little Belt Bridge damaged 

the main cable of the bridge [3]. After this accident, an 
assessment on the fire risk of the main cables of the New Little 
Belt Bridge was carried out and in 2017 and the main cables of 
New Little Belt Bridge were retrofitted with passive fire 
protection, while a similar retrofit is ongoing on the Great Belt 
East Bridge [2]. An inert mat insulation was used in those 
cases, but the use of intumescent epoxy paint is under 
consideration [3], due to the possibility of spray-paint the 
element on site and the protection that offers to environmental 
agents, in addition to fire. 

Intumescent coatings are fire retardant coatings that protect 
steel elements in case of fire by swelling and charring, creating 
a porous layer, which prevents heat to penetrate and damage 
the elements [4]. In particular, epoxy-based intumescent 
coatings are used for structures that may be exposed to 
hydrocarbon fires, where the maximum fire temperature is 
very high and is reached very rapidly, due to a high fire 
growing-rate. In case of bridge cables, additional properties of 
mechanical resistance are required to the paint, due to the 
movement and vibration of the cables and because of the 
inspection machine that run along the cables. In particular, 
property of adhesion, the durability, and the resistance to 
impact and deformations are of interest.  

Although many studies have been conducted over the years 
on fire protective coatings, most of them have been focused on 
the thermal performances of the coatings [5], [6], while limited 
knowledge is available on the mechanical resistance of epoxy 
coatings. A few studies regarding the delamination of the fire 
protection were conducted with respect to the damage induced 
by an earthquake on the insulation of steel elements [5], [6], 
[7]. Moreover, the mechanical properties of different types of 
protective regular coatings have been investigated, by 
performing standard tests such as scratch test and peel test [10]. 
However these test standards are hardly applicable to thick 
layers of paint, like the ones needed in case of epoxy fire 
insulation. 

This study was aimed at testing the mechanical resistance 
and the failure mode of steel samples protected with different 
types of epoxy coating and solicited in tension. 

To this purpose, a series of uniaxial tests were conducted 
according to ASTM E8 on steel samples painted with two 
different coating thicknesses, to highlight possible effect of the 
thickness of the coating layer and presence of a reinforcing 
mesh. Furthermore, three different epoxy-based coatings were 
considered. Two of them required the use of a mesh for given 
thickness of the paint, while one had embedded fiber-
reinforcement and was mesh-free. 

One bare steel sample was also tested without any coating 
protection. This test was used as reference, in order to compare 
the effect of the paint on the original stiffness and strength of 
the unprotected sample. 

The steel plates had rectangular shape and dimension of 
450 x 40 x 5 mm (length by width by thickness) and were 
painted on the two larger parallel surfaces. The displacements 

were measured with an extensometer and additional strain 
gauges to measure displacements after yielding were applied 
on the coating-free sides of the specimens. The tensile 
displacement was then imposed by the actuators and the 
corresponding tensile force was registered, until the specimen 
broke. From the results, interesting consideration on the failure 
mode of the paint (cracking or delamination) and on the time 
of failure were obtained. In particular, it was seen that all 
coatings can resist well the elastic solicitations of the steel, but 
does not remain integer through the whole plastic deformation 
of the element. This result is of particular relevance for fire 
structural design, which currently includes the assumption of 
local plastic deformations in the protected structural elements. 
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