
52 TheStructuralEngineer

January 2014 Fire resistance design method

Research

›

Performance-
based fire 
resistance 
design method 
for wall panel 
assemblies 
using thin-walled 
steel sections
A. Shahbazian BSc, MSc, PhD

Y. C. Wang BEng, PhD, FIStructE, CEng  

Authors are with the School of Mechanical, Aerospace and Civil Engineering, 
University of Manchester, UK

Synopsis
The advantages of cold-formed thin-walled steel studs are many and their 
application in building construction continues to grow. They are used as load-
bearing members. An example is lightweight wall panel assemblies which 
consist of channel steel studs with gypsum plasterboard layers attached to 
the two fl anges, often with interior insulation. At present, expensive fi re tests 
or advanced numerical modelling methods are necessary in order to obtain 
the fi re resistance of such wall assemblies. For common practice this is not 
eff ective and a simplifi ed method, suitable for use in daily design, is necessary. 
This paper explains a new approach for calculating key temperatures on the 
steel studs and describes the Direct Strength Method (DSM) for calculating 
the load-bearing capacity of cold-formed thin-walled steel studs with non-
uniform temperature distributions in the cross-section, instead of using 
the traditional eff ective width method. Combining these two aspects gives 
a performance-based fi re resistant design method that can be used in  the 
design or development of products.

Introduction
Cold-formed thin-walled steel sections 
are commonly used as load-bearing 
members in building construction as they 
off er many advantages, including ease of 
fabrication, uniformity of quality, economy 
of transportation and handling, mass 
production and simple installation1 which 
leads to shortened construction time and 
reduced construction cost. Frequently, they 
are used in wall panel assemblies (Figure 
1), commonly consisting of cold-formed 
thin-walled steel channel sections (studs), 
interior thermal insulation and gypsum 
plasterboards on both sides. 

Under fi re exposure, usually from one 
side (Figure 2), the structural behaviour 
of cold-formed thin-walled steel members 
is much more complex than that of hot-
rolled members. Not only is a thin-walled 
member prone to various modes of buckling 
(global, local and distortional), it also has 
non-uniform temperature distributions in 
the cross-section2. As a result, although fi re 
resistance design methods for hot-rolled 
members are extensively researched and 
well established2-4, no general fi re resistance 
design method is available for cold-formed 
thin-walled steel studs. For example, at 
present, EN 1993-1-25 simply limits the 
temperature for class four cross-sections 
(thin-walled steel) to 350°C. The SCI design 
guide6 is mainly based on fi re resistance test 
results and recommends 30 and 60 minutes 
of standard fi re resistance rating for load-
bearing walls, with one and two layers of fi re 
resistance board respectively. 

Although all the detailed thermal and 
structural analyses can nowadays be 
undertaken by using commercial general 
Finite Element packages such as Abaqus 
Unifi ed FEA7, such calculations are more 
expensive in terms of time and cost in 
practical applications.

For ambient temperature design, the 
traditional approach is using the eff ective 
width method1, 8-10. With non-uniform 
temperature distribution in the cross-section, 
the distribution of mechanical properties will 

S  Figure 1
Wall panel assembly
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be non-uniform. This makes it impractical to 
use the eff ective width method – which has 
been developed based on the plates having 
the same mechanical properties. Although 
fi nite element simulations can be used to 
calculate fi re resistance for this type of 
construction, an analytical or semi-analytical 
approach is preferred by designers for 
everyday use. Fortunately, there is now a 
growing movement to replace the eff ective 
width method by the direct strength method 
because the latter off ers advantages in 
dealing with complex section shapes such 
as channel sections with multiple stiff eners. 
Conceptually, it is much easier to adapt 
DSM to thin-walled cross-sections with 
non-uniform temperature (mechanical 
property) distributions. Although DSM has 
been discussed in the literature9, this paper 
summarises the development of a method 
by the authors to adapt DSM to thin-walled 
steel members under compression, with 
non-uniform temperature distributions in the 
cross-sections. 

In general, the assessment of fi re 
resistance of a structural member follows 
three general steps: specifying a fi re 
temperature-time relationship, calculating 
temperatures in the structure and evaluating 
the load-bearing capacity of the structure 
at elevated temperatures. Here, the fi re 
temperature-time relationship relates to 
either the standard condition or parametric 
fi re curves. Therefore, this paper will present 
the proposed method for calculating the 
temperatures in thin-walled cross-sections 
and for calculating the structural load-
carrying capacity using DSM at elevated 
temperatures.

Temperature calculation method
Setting aside heat transfer in the longitudinal 
direction of the panel, heat transfer is two 
dimensional, in both the thickness and width 
directions of the cross-section. However, the 
results of a numerical study by Feng et. al11, 
further confi rmed by the work of Shahbazian 
and Wang12, suggests that to calculate the 
compressive resistance of the steel studs, 

it is acceptable to assume the temperature 
distribution in the steel cross-section to be 
linear in the web, and the end temperatures 
to be equal to the respective temperatures in 
the two fl anges/lips which are assumed to be 
uniform (Figure 3).

This allows considerable simplifi cation 
to be made if heat transfer in the panel 
width direction is not dealt with explicitly. 
Furthermore, based on the sensitivity study 
results of the later work by Shahbazian 
and Wang13 which used validated Abaqus 
models for diff erent thermal insulations, 
diff erent numbers of gypsum layers, diff erent 
steel section geometries (steel thickness, 
cross-section depth, width and lip length, 
spacing between steel studs), the following 
additional assumptions can be made:

• The temperature distribution in the 
cross-section is not related to the spacing 
between the steel studs if the spacing is 
300mm or greater. The panel temperature 
distribution becomes uniform at a short 
distance from the steel stud
• There is strong heat transfer between 
the steel fl anges and the adjacent materials 
within a short length in the panel width 
direction on either side of the steel stud 
(Figure 4). It is important to include this 
eff ect in the temperature calculation method. 
This width is termed ‘equivalent panel width’ 
in this paper (We in Fig. 4)
• The equivalent width is noticeably 
infl uenced by the fl ange width but it is 
almost constant when changing other 
parameters. This width can be calculated 
using the equation:

We = 45 + 0.85bf (mm)     (1)

Where:
bf is the width of the fl ange (Figure 5).

It should be noted that the value of We 
is only sensitive to the width of the steel 
section. However, the steel temperatures 
are sensitive to all the design properties 
and they are taken into consideration in the 
approximate 1D temperature calculation 
method. 

In the proposed simple approach, heat 
transfer in the wall panel is assumed to be 
one dimensional in the thickness direction, 
but the eff ect of heat transfer in the panel 
width direction is assumed to be accounted 

E  Figure 4
Typical 

temperature (°C) 
distribution in panel

W  Figure 3a
Actual 

temperature 
distribution11

S  Figure 2
Wall panel exposed 

to fi re from one side

W  Figure 3b
Acceptable 

temperature 
distribution11
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for by using the equivalent panel width. 
The panel materials within the equivalent 

panel width are divided into a number of 
layers in the panel thickness direction. For 
heat transfer in any one layer, the following 
heat balance equation can be written:

heat
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the layer
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the layer
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temperature
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Over a small time interval, the heat transfer 
between any two layers can be generally 
written as: 

Q R
T

R
D=

:
    (2)

Where:
ΔT is the temperature diff erence between 

these two layers 
ΣR is the total thermal resistance in the heat 

transfer path.

The amount of heat required to change the 
temperature of a layer is:

Q R dt
dT

capacityR=
:

   (3)

Where:
t is time 
ΣRcapacity is the total heat capacitance (mass 

x specifi c heat) of the layer.

Figure 6 shows the division of a wall panel 
with a single layer gypsum board being 
divided into 13 layers: four layers each in 
the gypsum plaster boards on each side 
and  fi ve layers in the steel section. Two 
thermal boundary layers, one on the fi re side 
and one on the ambient temperature side, 
complete the heat transfer analysis system. 
Refering to the literature13 will give detailed 
derivations of the heat transfer calculation 
equations.

A small computer program has been 
developed by the authors by implementing 
the proposed temperature calculation 
method in MATLAB v7.107. This program 
has been uploaded on the MATLAB File 
Exchange (http://j.mp/TTRCW1 for wall 
panels with one layer of gypsum board on 
each side, http://j.mp/TTRCW2 for wall 
panels with two layers of gypsum board) for 
free general access.

The accuracy of this method has been 

checked for 14 diff erent arrangements 
of wall panel assemblies exposed to the 
standard fi re on one side13 and six diff erent 
representative arrangements of wall panel 
assemblies exposed to three parametric 
fi res with cooling stage, by comparing 
the Abaqus 2D heat transfer modelling 
results with the results calculated using the 
proposed semi-analytical method. Figures 
7 and 8 show typical comparisons for 
wall panels exposed to the standard and 
parametric fi res. The agreement is excellent 
in all cases.

Adaptation of the direct strength 
method (DSM) to thin-walled steel 
members under compression
Introduction

The traditional design method for thin-
walled steel sections involves calculating 
the eff ective widths. When dealing with 
sections with multiple stiff eners and 

S  Figure 7
Typical comparison between Abaqus simulation results and proposed 

calculations (lipped channel size 100x50x15x0.8 and ISOWOOL) under 
standard fi re condition: a) One layer gypsum, b) Two layer gypsum

E  Figure 6
One 

dimensional 
model for 
heat transfer 
analysis in 
wall panel with 
one layer of 
gypsum13

E  Figure 5

Equivalent 
panel width 
for deteriming 
tempearture 
in steel stud 
cross-section

a)

b)
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complex cross-section shapes, calculating 
the eff ective widths is cumbersome. In 
addition, the eff ective width method does 
not consider the interactions between the 
diff erent elements of a thin walled cross-
section. These shortcomings have led to the 
development of the DSM. With this method 
there is no need to calculate the eff ective 
properties. Instead, the member strength is 
calculated by directly combining the elastic 
buckling loads with the cross-section plastic 
resistance, similar to the calculation method 
for hot-rolled steel sections. 

DSM owes its origin to the design 
method for thin-walled sections undergoing 
distortional buckling as developed by 
Hancock et. al.14. However, Schafer 
and Pekoz15, by developing the direct 
strength method, went one step further 
by considering local buckling8. Details of 
the development of DSM can be found in 
later work by Schafer16. To facilitate the 
uptake of DSM, Schafer’s research group 
developed the Finite Strip program CUFSM17-18 
to calculate the elastic critical loads. This 
program is freely available at: http://bit.ly/
CUFSM. 

DSM elastic-plastic interaction curves 
for ambient temperature design
The interaction equations adopted by the 
American Iron and Steel Institute are:

Global buckling:

mc = Pcre

Py

   (4)

For λ
c
 ≤ 1.5

m( . )P P0 658 c
2

+ne y    (5)

For λ
c
 > 1.5

.P P0 877
2m

+
c

yne c m    (6)

Local buckling (including local – global 
interaction):

P
P

lm = ne

crl
   (7)

For λl  ≤ 0.776

P P=nl ne     (8)

For λl  > 0.776

.P P
P

P
P P1 0 15

. .0 4 0 4

= - crl crl
nl

nene
neac ak m k  (9)

Distortional buckling:

P
P

m + y

rdc
d    (10)

For λd  ≤ 0.561

P P= ynd     (11)

For λd  > 0.561

.P P
P

P
P P1 0 25

. .0 6 0 6

= - crd crd
nd

y
y

y
cd cm n m  (12)

Finally:

( , , )minP P P P=n ne nl nd   (13)

Where:
Py is the squash load of the cross-section
Pcre is the critical elastic global buckling load
Pcrl is the critical elastic local buckling load
Pcrd is the critical elastic distortional 

buckling load
λc, λl and λd, are the slenderness for global, 

local and distortional buckling: modes, 
respectively

Pne,  Pnl and Pnd are the column axial 
strength for global, local and distortional 
buckling modes, respectively

Pn is the fi nal design strength under axial 
compression

E  Figure 8
Comparison 

between Abaqus FEA 
and proposed method 
for common wall 
panel assembly with 
lipped channel size 
100x50x15x0.8 and 
ISOWOOL (parametric 
fi re): a) Fast fi re, b) 
Medium fi re, c) Slow fi re

b) c)

a)
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the data from the authors’ prior numerical 
study20. 

Figure 9b shows similar accuracy of 
the direct strength method for distortional 
buckling, the sources of data including the 
experimental results of Feng19, the numerical 
results of Moen and Schafer21 and the 
authors’ previous work22.

Adaptation of the direct strength 
method for thin-walled channel 
studs with uniform distribution of 
temperatures in the cross-section
Calculating the squash load and critical 
elastic buckling loads for steel cross-
sections with uniform elevated temperature 
distribution is similar to that at ambient 
temperature, but in this case the reduced 
mechanical properties (elastic modulus and 
yield stress) should be used. 

A very large number (502) of Abaqus 
simulations have been made and Figure 10 

Schafer16 collected over 300 experimental 
data sets between 1978 and 1997 for 
validation of the proposed interaction 
curves. Figure 9a shows the accuracy of 

the direct strength method interaction 
curve for local buckling with experimental 
data collected by Schafer and more recent 
additional data from Feng et. al19 as well as 

E  Figure 10
Application of DSM 

to sections with uniform 
elevated temperature 
distribution: a) Global 
buckling, b) Local 
buckling, c) Distortional 
buckling

E  Figure 9
 Accuracy of DSM 

for a) Local buckling and 
b) Distortional buckling

b)a)

a) b)

c)
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compares the DSM results with the 
authors’ numerical simulation results, and 
additional experimental results by Feng et 

al.19 and Ranawaka and Mahendran23. The 
results clearly indicate that for uniform 
temperature applications, the DSM buckling 
formulae in the AISI specifi cation9 is directly 
applicable for global and local buckling. 
Although it also produces good results for 
distortional buckling, it is possible for a small 
modifi cation to be made in order to improve 
its accuracy for distortional buckling. 
The modifi ed interaction curve is from 
Shahbazian and Wang22:

for λd ≤ 0.5171

P P= ynd     (14)

for λd > 0.5171

. .P P
P

P
P P0 9 1 0 22

. .0 5 0 5

= - crd crd
nd

y y
ycd cm n m  (15)

Extension to the direct strength 
method for thin-walled steel studs with 
non-uniform elevated temperatures
With non-uniform elevated temperature 
distributions in the thickness direction of 
the panel, two important factors should be 
included: thermal bowing (Figure 11a) and 
change in the centre of resistance of the 
cross-section (Figure 11b).

For calculating elastic critical buckling 
loads using CUFSM, by defi ning diff erent 
mechanical properties of the steel at 
diff erent elevated temperatures, the shift 
in the centre of resistance is already 
considered, but the thermal bowing should 
be included as an additional bending 
moment. The thermal bowing eff ect can be 
taken into account by applying an equivalent 
bending moment as given in equations 
16 and 1724-26. It should be noted that eqns 
16 and 17 are applied to bending about the 
major axis only because this is the direction 
of principal non-uniformity of temperature 
distribution.

d
L T
8m

2

d
a D=    (16)

M P : d= m    (17)

Where:
α is 0.000014/°C (thermal expansion 

coeffi  cient)
L is the column length (panel height)
ΔT is the temperature diff erence between 

the exposed and unexposed sides
d is depth of the cross-section
δm is the thermal bowing defl ection
M is the equivalent bending moment

Due to the presence of bending moments 
caused by thermal bowing and shift 

of the centre of resistance, the axially 
loaded member at ambient and uniform 
temperatures becomes a beam-column with 
combined axial load and bending moment. 
Therefore, there is an axial load value that 
causes the cross-section with non-uniformly 
distributed elevated temperatures to reach 
the cross-section limit under combined axial 
load and bending.

This axial load is termed ‘eff ective’ squash 
load and is obtained using the following 
procedure12:

1. Evaluation of the plastic axial load-
bending moment interaction curve of 
the cross-section. The cross-section is 
assumed to have reached yield stress 
everywhere at the related temperatures 
and a neutral axis divides the cross-

section into a tensile and a compressive 
area. Taking moment about the centre of 
resistance of the cross-section with non-
uniform temperature distribution (which 
may be diff erent from that at ambient 
temperature), the bending moment and net 
axial force give one point on the bending 
moment-axial force interaction curve. By 
moving the neutral axis from one edge of 
the cross-section to the other, the bending 
moment-axial force curve for the cross-
section with non-uniform temperature 
distribution can be obtained. An open 
source program for this calculation is 
available at http://j.mp/CALESL for lipped 
channel sections.

2. At the top and bottom of the cross-
section, there is only the shift of centre of 
resistance. In the middle of the column, 
both thermal bowing and the shift of the 
centre of resistance exist and they are 
in opposite directions. Thus, the bending 
moments at the ends and in the middle 
of the column are diff erent. The eff ective 
squash load of the column is the one 
that gives the least value based on these 
two bending moments. Figure 12 shows 
an application of this procedure for one 
column.

The strength of a column with non-uniform 
temperature distribution in the cross-
section can be calculated by substituting 
the eff ective squash load as determined 
previously and the elastic critical buckling 
loads into the interaction equations. The 
results of this extended direct strength 
method have been compared with a large 
number of numerical simulation results 
for steel studs undergoing global (73 
FE models), local (120 FE models) and 

E  Figure 12
Determination of eff ective squash load

W  Figure 11
Eff ects of non-

uniform elevated 
temperatures on thin-
walled steel stud: a) 
Thermal bowing, b) Shift 
of centre of resistance
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distortional buckling (138 FE models) with 
various temperature distributions in the 
cross-section. The results of this comparison 
are given in Figure 13 which also includes 
some fi re test results from Feng et al.11 

In Fig. 13b, for local buckling slenderness 
around unity, the proposed extended direct 
strength method gives a relatively large 
error in a number of cases. These cases are 
for very thin studs (less than 1mm) with no 
restraints along the entire length (bare stud) 
where there is strong interaction between 
local and global buckling. Fortunately, in real 
wall panel assemblies, these cases do not 
exist. Therefore, the proposed method can 
be used.

Fig. 13 shows that for all three buckling 
modes, the results for diff erent non-uniform 
elevated temperature distributions all 
cluster around one narrow band which 
suggests applicability of DSM. However, 

for non-uniform temperature applications, 
the original interaction curves do not 
give accurate results and new interaction 
equations are required. Based on the 
simulation results, the following new 
interaction equations can be used:

Global buckling12: 
for λc ≤ 1.5

.P P0 495 c
2

= m
yne

^ h    (18)

for λc > 1.5

.P P0 462
y2m

=ne
c

c m    (19)

Local buckling20: 
for λl ≤ 0.776

P P=nl ne     (20)

for λl > 0.776

.P P
P

P
P P1 0 22

. .

ne

0 75 0 75

= - crl crl
nl

ne ne
ac ak m k  (21)

Distortional buckling22:
for λd ≤ 0.561

P P=nd y     (22)

for λd > 0.561

. .P P
P

P
P P0 65 1 0 14

. .0 7 0 7

= - crd crd
nd

y y
ycd cm n m    (23)

An example is provided in the Appendix to 
demonstrate the calculation procedure.

Performance-based fi re resistance 
design of wall panel assemblies
By combining the temperature calculation 
method outlined previously and the 
extended DSM in the previous section, the 

E  Figure 14
Comparison 

of stud compressive 
resistance between 
proposed approach 
and Abaqus 
simulation results

W  Figure 13
Comparison 

between extended DSM 
results: with Abaqus 
simulation results 
for steel studs with 
non-uniform elevated 
temperature distribution 
in cross-section: a) 
Global buckling, b) Local 
buckling, c) Distortional 
buckling

a) b)

c)
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fi re resistance of this type of construction 
can be evaluated. Assessment of this 
method has been made for both the 
standard fi re condition13 and parametric fi res 
with a cooling stage. 

Wall panels exposed to the 

standard fi re condition

In this comparison, for each steel stud a 
transient Abaqus simulation was conducted 
initially, to give the fi re resistance time of the 
steel stud under a given load. When applying 
the proposed calculation method, this fi re 
resistance time was then used, fi rstly to fi nd 
the fl ange temperatures on the exposed 
and unexposed sides, using the simple 
temperature calculation method previously 
outlined, and then the stud load-carrying 
capacity using the extended DSM (also 
documented previously).

Figure 14 compares the stud compressive 
load-carrying capacities obtained from 
using the proposed calculation method, 
with the input loads used in the Abaqus 
simulations to obtain the stud fi re resistance 
times. The agreement is very good with an 
overall average of 5.33%. Considering the 
complexity of the problem being dealt with 
and the simplicity of the proposed design 
method, this level of accuracy is considered 
excellent for design purposes. 

Wall panels exposed to parametric fi res 

with a cooling stage

Simulating steel studs in wall panels exposed 
to the parametric fi re is diff erent from 
that under the standard fi re condition. For 
each stud, the load-carrying capacity was 
calculated at diff erent times to enable the 
minimum value to be identifi ed. Therefore, 

in the Abaqus simulation, the steel stud 
temperatures were applied up to the desired 
time and then the mechanical load was 
applied until the load-carrying capacity of the 
stud was reached. Figure 15 compares the 
stud strength–time curves for nine cases as 
an example. Figure 16 compares the column 
strengths from Abaqus simulations with the 
proposed method for a wide range of data 
(236 FE models). The proposed method 
gives slightly higher minimum stud resistance 
in most cases. This is due to the proposed 
modifi ed direct strength (equations 18-23) 
giving slightly higher values than the Abaqus 
simulation results when the load ratio is 
small. Here, the load ratio is the ratio of the 
stud resistance in fi re, to that at ambient 
temperature. Nevertheless, the overall 
agreement between the simulation and 
proposed calculation results is very good.

S  Figure 15
Comparison of the stud strength–time curves: a) LC75×50×15×2.5, b) LC100×50×5×1.8, c) LC100×75×15×0.8
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Summary and conclusions
This paper presents a simple approach for 
calculating temperatures in a thin-walled 
steel stud as part of a wall panel assembly. 
It explains how the direct strength method 
(DSM) can be extended to cold-formed 
thin-walled steel studs with uniform and non-
uniform elevated temperature distributions 
in the cross-sections. To deal with non-
uniform temperature distribution, the eff ects 
of thermal bowing and shift of the centre 
of resistance of the cross-section should 
be included. In addition, the original DSM 
interaction equations should be modifi ed. 
These calculation methods are available 
from http://j.mp/devprogs. Validation for 
both calculation methods is based on 
comparison between Abaqus simulation and 
the proposed calculation methods.

By combining the thermal analysis method 
and the extended direct strength method 
(both documented in this paper), a complete 
method is now available to evaluate the fi re 
resistance (for load-bearing) of lightweight wall 
panels under both the standard and parametric 
fi re conditions. The results given in the 
‘Performance based resistance design’ section 
confi rm the validity of this method through an 
extensive range of parametric studies.

In total, validation of the proposed methods 
has been established through comparison 
with 32 heat transfer FE simulations and 
1362 structural analysis simulations for the 
following ranges of parameters:

a) Number of gypsum board layers on each 
side: one and two

b) Two diff erent thermal insulations: 
ISOWOOL and ROCKFIBRE

c) Cross-section dimensions: 75 ≤ bw ≤ 300, 
35 ≤ bf ≤ 100, 5 ≤ bl ≤ 15 and 0.8 ≤ ts 

≤ 
2.5mm

d) Stud length: 200 ≤ L ≤ 5000mm
e) Mechanical boundary conditions along the 

stud length: restrained at every 300mm – 
unrestrained

f) Load ratio: 30% to 75%
g) Mechanical properties: 350 ≤ fy ≤ 550N/

mm2

h) Temperature profi les: 80 C ≤ Tex ≤ 665°C 
and 30°C ≤ Tuex ≤ 426°C, where Tex 
and Tuex are fl ange temperatures on the 
exposed and unexposed side respectively.

Using the proposed calculation method, 
it is now possible to optimise wall panel 
assembly construction to improve the 
thermal and structural performances of such 
systems at both room temperature and fi re 
conditions.

Appendix: Worked example as 
illustration of the calculation 
procedure 
Requirement: calculate the load carrying 
capacity of a panel at 60min of standard fi re 
exposure time. 

Basic input data:
Steel section dimensions: lipped channel 
75 x 50 x 15 x 2.5
Interior insulation: ISOWOOL27

Gypsum: One layer of 12.5mm thick Fireline 
British gypsum on each side
Panel height: 3m.

First step: Calculate the steel 

temperatures in the fl anges on the fi re 

exposed and unexposed sides.

Input data: 
For thermal properties, see Table A.1.
For thermal boundary conditions, see Table 
A.2.

From equation (1), the equivalent panel 
width for calculating the average steel 
temperature is:

We = 45 + 0.85(50) = 87.5mm

Using computer program TTRCW1 (http://j.
mp/TTRCW1) developed by the authors, the 
temperature-time results in Figure A.1 can be 
obtained. From this fi gure, the steel fl ange 
temperatures at 60min on the exposed and 
unexposed sides are 510.42oC and 273.85oC 
respectively.

Second step: Determining the load-

carrying capacity of the steel channel stud 

by using the extended DSM.

Input data: mechanical properties of 
steel at ambient (Table A.3) and elevated 
temperatures5.

Using program CALESL (http://j.
mp/CALESL), the centre of plastic 
resistance is 31.26677mm from the lower 
temperature fl ange side (37.5mm at ambient 
temperature). Therefore, the shift of centre 
of resistance is 37.5 – 31.26677 = 6.2332mm. 
Using eqn. 16 gives a thermal bowing value 
of 49.56mm. Therefore, the eccentricities at 
the top and bottom and at the centre of the 
column are 6.2332mm and (6.2332 – 49.56) 
= 43.3268mm respectively. 

Using program CALESL, the column axial 
load-bending moment interaction curve 
is obtained, as shown in Fig A.2. From the 
two eccentricities, the eff ective squash 
loads are 98.29kN (top and bottom) and 
49.41kN (middle) respectively. Therefore, the 
eff ective squash load is min(98.29, 49.41) = 
49.41 kN.

Using the CUFSM (http://bit.ly/CUFSM) 
program, with input of the elevated 
temperature Young’s modulus values of the 
steel section, the elastic critical loads for 
global, distortional and local buckling are:

Pcre = 68.04kN
Pcrl = 388.85kN
Pcrd = 317.7kN

Using eqns 18-23:

λc = 0.8522 (eqn. 4); Pne = 29.65kN (eqn. 18)
λl = 0.2761 (eqn. 7); Pnl = 29.65kN (eqn. 20)
λd = 0.3944 (eqn. 10); Pnd = 49.41kN (eqn. 22)
Pn = min (29.65, 29.65, 49.41) = 29.65kN

For comparison, the fi nite element solution 
is 27kN.

S  Figure 16
Comparison of stud resistance
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Table A.2: Thermal boundary conditions

Description Ambient/cold side Exposed/hot side

Emissivity (ref.13, 28) 0.8 0.3

Convective coeffi  cient (ref.3) (W/m2K) 10 25

Surrounding temperature (ref. 3) (°C) 20 standard fi re (Fig. A.1)

Stefan-Boltzmann constant (ref. 3) (W/m2K4) 5.669 x 10–8

Table A.1: Thermal properties found  in these references

Material Reference number

Carbon steel 5

Fireline gypsum board 28

ISOWOOL 13, 27

Table A.3: Mechanical properties of steel 

at ambient temperature (N/mm2)

Elastic modulus 
(E)

Yield stress 
(f

y
)

205 000 350

S  Figure A.1
TTRCW1 output: temperature-time curves
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