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Compared with carbon steel, stainless steel at high 
temperature has relatively smaller reduction in strength and 
stiffness, but strong nonlinear stress-strain relationship and 
larger thermal expansion coefficient. 

Meanwhile, there are usually no fire-proof treatments on the 
surface of stainless steel structural members in order to 
guarantee attractive appearances.

Concrete slabs are usually placed above steel beams in 
practical entering, so three faces of steel beams are exposed to 
fire in most cases.

Introduction

Fifth International Experts Seminar

01

0.01% 0.2% 1.0%

E0

σ0.2

σ0.01

σ1.0

σ

ε

E0

E0.2

低碳钢

不锈钢

Carbon steel
Stainless steel

Concrete slab



Selection of specimens
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To study the bearing capacity of rectangular stainless steel

beams with three faces exposed to fire, a rectangular stainless
steel beam specimen (B1) from Gardner and Baddoo and two
rectangular stainless steel beams specimen (B2 and B3) from
Xia were selected as the researched objects.
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Sequential coupled analysis method
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Heat transfer model

 Thermal parameters

• Heat convection coefficient
αc =25W/(m2·Ԩ)

• Thermal emissivity
εm =0.4

• Flame radiation coefficient
εf =1.0
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Fifth International Experts Seminar

03

Fire resistance analysis model

Heat transfer model
The same geometric shape, meshing and node numbers

 Mechanical properties

• Density

• Poisson ratio

• Initial elastic modulus

• Stress-strain relationship 

at high temperature

 Boundary conditions

 Step and loading

• Step-load to apply design load to specimen.
• Step-temp to apply temperature results of heat transfer analysis 

model to specimen.
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Comparison between FE results and test results
Temperature-time curve

Specimen B2 Specimen B3
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• For specimen B1, ISO-834 heating curve, which rose faster than actual 
heating curve which was used in the finite element model.

• For specimens B2 and B3, obvious thermal elongation occurred in late 
stage, which produced frictions between hinge bearings as well as loading 
devices and specimens.

Comparison between FE results and test results
Mid-span deflection-time curve



Comparison between FE results and test results
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Critical temperature

• FE results and test results are closed, proving that the fire 
resistance model can well simulate the bearing capacity of 
stainless steel beams under fire.
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Parametric analysis
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b --300mm
t --14mm

h 
changes

n -- 0.2, 0.3, 0.4
0.5, 0.6 ,0.7

 Section height
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Temperature-time curve
 Section height
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Mid-span deflection-time curve
 Section height
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h --400mm
t --14mm

n -- 0.2, 0.3, 0.4
0.5, 0.6 ,0.7

 Section width

b 
changes
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Temperature-time curve
 Section width
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Mid-span deflection-time curve
 Section width



Bearing capacity formula
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Uniformly distributed 

temperature θ

 Formula in Eurocode

ୢୖ,୤୧,஘ܯ ൌ ݇୷,஘ሾߛ୑଴ ⁄୑,୤୧ߛ ሿୢୖܯ

is the design plastic moment resistance 
of the gross cross-section for Class 1 
or 2 cross-sections for normal 
temperature design

RdM

y,k 
is the reduction factor for the yield 
strength at temperature θ

M0 is the partial factor of yield bearing 
capacity , taken as 1.0

M,fi is the partial factor of material 
properties under fire, taken as 1.0.

Non-uniformly distributed 
temperature at time t

ୢୖ,୤୧,୲ܯ ൌ ୢୖ,୤୧,஘ܯ ሺ⁄ ଶ൯ߢଵߢ

1

2

is an adaptation factor for non-uniform 
temperature across the cross-section, 
taken as 0.7 for beams with three faces 
exposed to fire without any protective 
measures

is an adaptation factor for non-
uniform temperature along the 
beam, taken as 0.85 for statically 
indeterminate beams and 1.0 for 
the rest.
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 Bearing capacity formula at high temperature

• ଵ is higher than 0.7.
• ଵ increases with the rising of load ratio.
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 Bearing capacity formula at high temperature

ଵߢ ൌ 0.0363 ln
୫ܣ
ܸ ൈ ݐ ൈ

݄
ܾ ൈ ݊ ൅ 0.6578
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 Verifying formula
Another three specimens with three faces exposed to fire from Xia

Modifying formula

ଵߢ ൌ 0.0352 ln
୫ܣ
ܸ ൈ ݐ ൈ

݄
ܾ ൈ ݊ ൅ 0.7199

ୢୖ,୤୧,୲ܯ ൌ ୢୖ,୤୧,஘ܯ ሾ⁄ 0.0352 ln
୫ܣ
ܸ ൈ ݐ ൈ

݄
ܾ ൈ ݊ ൅ 0.7199ሿ
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For rectangular stainless steel beams with three faces exposed 

to fire, the value of κ1 from Eurocode and Design manual for 
structural stainless steel is unsafe and the actual bearing 
capacity differs much from the results calculated with codes.

Section size and load ratio have great impact on the bearing 
capacity of stainless steel beams with three faces exposed to 
fire. And the corresponding reduction faction κ1 is variable. 

The fitting formula can well predict fire resistance of 
rectangular stainless steel beams with three faces exposed 
to fire.
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