
Fire

The performance of a structural element constructed from any material is defined by the Fire 
Resistance Rating (FRR) in minutes. The FRR is established from a standard fire test and consists of 
the structural element meeting the following three criteria:

• Loadbearing capacity (R) is the ability of the element not to collapse under the applied load. 

• Integrity (E) is the ability to resist the penetration of flames and hot gases.

• Insulation (I) is the ability to resist excessive transfer of heat from the side exposed to fire to 
the unexposed side.

For example, some proprietary products give an FRR of 60/60/60, which indicates that the element 
possesses a 60 minute fire rating for loadbearing, integrity and insulation, respectively. A dash (-) 
represents a nil rating; for example -/30/30 would be appropriated for a non-loadbearing element. 

All types of steel lose strength at temperatures above 400°C. The reduction in strength and 
stiffness of steel (represented by the yield strength and modulus of elasticity, respectively) is 
shown graphically in the figure below. 

 








   




































Reduction factors for stress-strain relationship of steel at elevated temperatures according to 
Eurocode 31.

As a consequence of this reduction to the mechanical properties, steel studs and joists in light 
steel framing need to be protected. Fire protection to light steel framing is generally provided by 
the appropriate number of layers of the relevant type of plasterboard. The plasterboard is multi-
functional as it provides the internal finished surface, restraint to the structural members and 

1 EN 1993-1-2, Eurocode 3: Design of steel structures – Part 1-2: General rules – Structural fire design, European 
Committee for Standardization (CEN), Brussels, Belgium, 2005
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contributes to the acoustic performance. Internationally, the common practice for predicting the 
performance of light steel framing is through the concept of a ‘limiting’ or ‘failure’ temperature 
of the steel section; this represents the temperature at which the member would fail, irrespective 
of the amount of protection, and is only a function of the load applied to the member. This is 
characterized by the term ‘load ratio’ which is defined by:

Load Ratio  = Load on member at the fire limit state
Load carrying capacity of member under normal loading

Most proprietary information supplied by plasterboard manufacturers for loadbearing light steel 
frame walls is based on the limiting temperature method.

The performance of a light steel floor during a fire test2 is shown in the Figure below. The test was 
conducted in accordance to the severe EN 1365-23 requirements compared to the traditional test 
to BS 476-204. The structural elements of the floor were 200mm deep light steel joists spaced at 
400mm centres. The load ratio for the test was 0.3 and the target fire resistance was 90 minutes. 
The ceiling was formed from 3 layers of 12.5mm fire resistant plasterboard and fixed via resilient 
bars to order to satisfy the acoustic requirements for a separating floor in a multi-storey residential 
building.










































      

Temperature-time curves for the light steel floor in a fire test

The floor supported the applied load for 93 minutes, although the designated resistance period for 
the test was 90 minutes due to the integrity criterion. Importantly, for the light steel joists, their 
temperature remained at less than 100°C for over 80 minutes so, according to the above Eurocode 
3 stress-strain relationship of steel at elevated temperatures, the floor joists would be essentially 
undamaged and re-usable after a realistic severe fire.

The benefits of light steel construction in relation to fire safety are summarised below.

• Steel is non-combustible and does not add to the fire load of the building.

• Fire will not spread through ceiling spaces or internal voids as there is not fuel to burn there.

• The fire resistance of a steel framed building is shown in practice to exceed that of the steel 

framing elements.

• Fire protection for light steel framing is typically provided by the boards used for internal lining 
(e.g. gypsum-based boards).

• Fire resistance periods of up to 120 minutes are readily achievable in light steel framing.

• The amount of combustible material in a light steel framed building is much lower than in 
other forms of construction.

• Light steel floors, walls and modules are easily repairable after small fires.

• The fire risk during construction is much lower for light steel framing than for other forms of 
construction.

2 ‘Hot stuff’, IPENZ, Engineering Insight, Volume 12/5, September/October 2011, pp. 16 - 18
3 EN 1365-2, Fire resistance tests for loadbearing elements. Floors and roofs, European Committee for Standardization 

(CEN), Brussels, Belgium, 2000
4 BS 476-21, Fire tests on building materials and structures. Methods for determination of fire resistance of loadbearing 

elements of construction, British Standards Institution (BSI), London, UK, 1987


