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Fire resistance prediction of load bearing cold-formed steel 
walls lined with gypsum composite panels 

Wei Chen1, Jihong Ye2 

Abstract 

An innovative load-bearing cold-formed steel (CFS) wall lined with gypsum 

composite panels was developed with the goal of improving the construction 

efficiency and fire performance of these walls for applications in mid/high-rise 

buildings. The gypsum composite panel was formed by sandwiching insulation 

and plasterboard strips between two layers of gypsum plasterboards. 

Subsequently, the predicted fire resistance of these CFS walls was predicted 

based on our previously developed and experimentally validated modeling 

method. The degenerated material properties of the cold-formed steel and 

thermal physical property of the gypsum plasterboard and aluminum silicate 

wool were obtained from our pervious experimental investigations and used as 

the basic input parameters in the present fire resistance modeling. The results 

showed that the fire performance of the CFS walls lined with gypsum composite 

panels improved greatly. The configuration details and corresponding design 

load levels were also determined for the CFS walls with a fire resistant rating of 

120 and 150 min. 
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Introduction 

�In recent years, cold-formed steel (CFS) walls consisting of a CFS frame and 

one or two layers of sheathing are increasingly utilized in the construction of 

load-bearing components in mid-rise buildings. The fire performance of such 

walls becomes an important concern in fire safety engineering. A few 

experimental fire investigations have been performed to determine the effects of 

different configurations on the fire performance of load-bearing CFS walls 

(Gerlich et al. 1996; Kwon et al. 1998; Sultan and Kodur 2000; Alfawakhiri 

2001; Feng et al. 2003; Sakumoto et al. 2003; Feng and Wang 2005; Kodur 

and� Sultan 2006; Kolarkar 2010; Chen and Ye 2012; Chen et al. 2012, 2013a) 

and some important conclusions were formulated. For instance, a load-bearing 

CFS wall without cavity insulation provided higher fire resistance compared to a 

cavity-insulated assembly (Kodur and Sultan 2006). In addition, our prior 

experiments demonstrated great improvement in the fire resistance rating of CFS 

walls by using aluminum silicate wool as external insulation, which was located 

externally and sandwiched between two layers of gypsum plasterboard instead 

of cavity insulation (Chen et al. 2013a). However, there are still some 

construction problems for a CFS wall with external insulation that cannot be 

neglected, which would limit its application in engineering. Therefore, this paper 

developed an innovative load-bearing CFS wall lined with gypsum composite 

panels to improve the construction efficiency and fire performance of such walls 

for applications in mid/high-rise buildings. Subsequently, the fire resistance 

performance of such CFS walls was simulated using our previously developed 

and experimentally validated modeling method. 

Configuration details of CFS walls lined with composite panels 

Fig. 1 shows the configuration details of one of our previous experimental 
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specimens that showed the fire resistance time of 137 min when the specimen 

was subjected to a load ratio of 65% (i.e., 65% of the ultimate capacity at room 

temperature) and fire exposure to the ISO 834 standard time-temperature curve 

from one side (Chen et al. 2013a). The fire resistance testing time was reduced 

to 71 min after removing the external insulation (see Fig. 1) on the fire side 

(Chen et al. 2012). Therefore, the fire resistance performance of CFS walls was 

greatly improved by using the external insulation. However, the following 

construction problems cannot be neglected for CFS walls with external 

insulation:  

(1) The construction process is rather complicated, including fixing the base 

layer gypsum plasterboards, aluminum silicate wool (external insulation) and 

face layer gypsum plasterboards successively on either side of the CFS frame. 

Additionally, it is not easy to install the aluminum silicate wool vertically on the 

base layer surface of CFS walls. 

(2) During the installation of the face layer of the gypsum plasterboard, the 

surface planeness of CFS walls is hard to control due to the compressive 

deflection of the external insulation. 

(3) Detachment and opening of the plasterboard joints was observed in the 

previous externally insulated CFS wall specimens after severe fire exposure 

(Chen et al. 2013a). This behavior would accelerate the temperature rise of the 

steel studs and is unfavorable for the fire performance of CFS walls. 

insulation
External

Board 2

Hot flange

Cold flange

External insulation: 21 mm aluminum silicate wool felts 

Board 1:12 mm fire resistant gypsum plasterboards

Staggered vertical joints
Fire side

Ambient side

C89 (89¡ Á50¡ Á13¡ Á0.9 mm) 

Board 2:12 mm fire resistant gypsum plasterboards

Board 3:12 mm fire resistant gypsum plasterboards

Board 4:12 mm fire resistant gypsum plasterboards

Lipped channel section stud

Board 3

Board 4

Board 1

 
Fig. 1 Details of specimen configuration in Chen et al. 2013a  
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To address these concerns, an innovative gypsum composite panel was 

developed to be used in CFS walls instead of the traditional wall boards, as 

shown in Fig. 2. The gypsum composite panel was formed by sandwiching the 

insulation and plasterboard strips between two layers of fire resistant gypsum 

plasterboard. The plasterboard strips were applied along the periphery as well as 

in the field of the gypsum plasterboard. The insulation was laid in the cavity 

formed by the gypsum plasterboard and plasterboard strips. The desired depth of 

the cavity for the insulation was obtained by selecting the appropriate thickness 

and number of plasterboard strips that were fixed by several galvanized steel 

stripes (Fig. 2) equally distributed along the stripes length. The non-combustible 

fiber grid cloth (Fig. 2) was bonded to the inner surface of the gypsum 

plasterboards to prevent the insulation from falling off when the gypsum 

composite panel was in a fire. In addition, there were two notches along two 

long edges of composite panel as shown in Fig. 2. The gypsum composite panel 

was built by screwing each layer of gypsum plasterboard with the plasterboard 

stripes into the galvanized stripes (Fig. 2), which provides the pull-out resistance 

for the self-taping screws. At the same time, the loose fill insulation could be 

compacted during the assembly process of the composite panel. 

1220 ¡ Ý50

30
00

1 1

2 2

Gypsum plasterboard stripes

Fiber grid cloth

Non-combustible
insulation

Fire resistant
gypsum plasterboardFire resistant

gypsum plasterboard

Galvanized
stripes

Unit: mm
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1220
¡ Ý50

1-1

Fire resistant
gypsum plasterboard

Fire resistant
gypsum plasterboard

Galvanized
stripes Gypsum plasterboard stripes

Insulation

Screw

Notch

1220

2-2

Fire resistant
gypsum plasterboard

Galvanized
stripes Gypsum plasterboard stripes

Screw

Fire resistant
gypsum plasterboard

plasterboard 
Stripes

Gypsum

 
Fig. 2 Details of the gypsum composite panel 

Fig. 3 shows the structural details of the cold-formed steel wall lined with 

gypsum composite panels on either side. The load-bearing steel frame was built 

by assembling CFS lipped channel section studs with the top and bottom tracks 

made of CFS unlipped channel sections using self-taping wafer head screws. 

Each gypsum composite panel was applied vertically and screwed to the steel 

studs only along the plasterboard stripes in the field of panel and screwed to the 

steel tracks along the plasterboard stripes on the top and bottom edges of the 

panel. Adjacent composite panels were jointed together by inserting the 

plasterboard stripes into the notches (see Fig. 2) of the composite panels and 

screwing them to the non-load-bearing resilient channels along the left and right 

edges of composite panel. The resilient channels were insulated by rock wool, 

applied vertically and attached directly to the steel tracks by using self-taping 

wafer head screws. The spacing of the resilient channels was equal to the width 

of the composite panels. In Fig. 3, there was only a single row of screws on 

either side of the stud flanges and all the vertical joints of composite panels were 

located over the center line of the resilient channel webs. Therefore, the 

influence of opening up of the vertical joints of the composite panels on the 

temperature history of the steel studs became insignificant for CFS walls in a 

fire due to the fire protection provided by insulating the resilient channels. 
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Besides, the construction of the CFS walls lined with composite panels is quite 

simple because the composite panels can be prefabricated in bulk. At the same 

time, the surface planeness of CFS walls is easy to control because the presence 

of the plasterboard stripes. Hence, the three construction problems can be solved 

simultaneously by using CFS walls sheathed with composite panels. 

Fire resistant

Top steel track

Insulation

1

1

Inserting plasterboard stripes
into notches

Steel stud

Gypsum composite
panels on either side

Bottom steel track
Non-load bearing
resilient channels

gypsum plasterboard

Non-combustible
Insulation

Gypsum 
plasterboard
stripes

Fire resistant
gypsum
plasterboard

Insulation

1-1

Inserting plasterboard stripes
into notchesScrew

Fire
resistant
gypsum
plasterboards

Non-combustible
insulation

Gypsum plasterboard stripes

Stud

Resilient channels C80¡ Á20¡ Á13¡ Á0.5mm

 
Fig. 3 CFS wall lined with gypsum composite panels on both sides 

Fire resistance predictions of CFS walls  

Two CFS wall samples (W1 and W2) lined with gypsum composite panels were 

developed, as shown in Fig. 4. The steel studs and tracks were fabricated from a 
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0.9 mm Q345 galvanized steel sheet with the design yield strength of 300 MPa 

and elastic modulus of 206 GPa. The steel studs had a height of 3000 mm and 

were spaced at 610 mm. The gypsum composite panels were attached to the 

steel studs, tracks and resilient channels by 70 mm long self-taping bugle head 

screws, spaced 300, 150 and 150 mm, respectively. The fire resistance 

performance of these two samples (W1 and W2) was predicted by our 

previously developed modeling method (Chen et al. 2013b). In the thermal 

response modeling, the emissivity, εγ, was assumed to be 0.8. The temperature 

on the fire side was specified by the standard ISO 834 time-temperature curve. 

The temperature on the ambient side was 20°C. Fig. 5 showed the thermal 

physical properties of the fire resistant gypsum plasterboard and aluminum 

silicate wool which was obtained from previous experimental investigations 

(Chen et al. 2013b). In addition, the critical temperature for the collapse of the 

gypsum plasterboard was 800°C (Sultan 2010; Chen et al 2012, 2013a). 

Insulation 1: 60mm aluminum silicate wool felts 

Board 1: 10 (15) mm fire resistant gypsum plasterboard for W1 (W2)
Strips 1: double layers of 12 (15) mm fire resistant gypsum plasterboard strips for W1 (W2)
Board 2: 10 (15) mm fire resistant gypsum plasterboard for W1 (W2)

Insulation 2: 60mm aluminum silicate wool felts 

C89 stud (89¡ Á50¡ Á13¡ Á0.9 mm) 

Board 3: 10 (15) mm fire resistant gypsum plasterboard for W1 (W2)
Strips 2: double layers of 12 (15) mm fire resistant gypsum plasterboard strips for W1 (W2)
Board 4: 10 (15) mm fire resistant gypsum plasterboard for W1 (W2)

Ambient Side

Fire Side

 
Fig. 4 Two samples of CFS walls lined with gypsum composite panels 
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Fig. 5 Thermal physical property of fire resistant gypsum plasterboard and 

aluminum silicate wool (Chen et al. 2013b) 

Fig. 6 showed the predicted time-temperature profile of wall sample W1. The 

time-temperature curves at point “3” and “4” were obtained from the thermal 

response model of a CFS wall lined with double layers of fire resistant gypsum 

plasterboards and one external layer of aluminum silicate wool insulation on 

both sides; the time-temperature curves of point “5” and “6” were obtained from 

the thermal response model of a CFS wall lined with double layers of fire 

resistant gypsum plasterboards and double layers of plasterboard stripes on 

either side. Fig. 6 indicated that the gypsum plasterboard collapsed at the fire 

side face layer after fire exposure of approximately 40 min. In addition, the 

temperature on the ambient surface of W1 (point “7” in Fig. 6) increased 

gradually while remaining below 75°C. The integrity and insulation were 
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maintained throughout the fire exposure simulation. Because the inner surface of 

the wall cavity was closest to hot and cold sources for the steel studs, the 

temperature responses of the hot and cold flanges was similar to the wall cavity 

(Chen et al. 2012). Hence, it would be conservative if the maximum 

temperatures between points “3” and “5” and the maximum temperatures 

between points “4” and “6” were used as the temperature profiles of the hot and 

cold flanges of the steel stud, respectively, as shown in Fig. 7.  
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Fig. 6 Predicted time-temperature profiles of the CFS walls (W1) 
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Fig. 7 Approximate time-temperature curves of the hot and cold flanges of the 

steel stud for W1 
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In the thermo-mechanical modeling, the reduced material properties and the 

coefficient of linear thermal expansion for the Q345 cold formed steel at 

elevated temperatures were obtained from our transient state experimental 

investigations (Fig. 8, Ye and Chen 2013). The testing axial compressive 

strength for each wall stud of W1 was 29.8KN at ambient temperature (Chen et 

al 2013a). According to the current design rules of AISI S100-2007 (2007),  the 

nominal axial strength for each wall stud of W1 was 29.1 KN at ambient 

temperature, which compared well with the testing result. The design axial 

strength for each wall stud was determined by multiplying the nominal axial 

strength by the resistant factor; it was 24.7 KN at ambient temperature. Fig. 9 

showed the fire resistance prediction for W1 obtained from the present 

thermo-mechanical response model. In Fig. 9, the design load ratio was defined 

as the percentage of the design axial strength of the wall stud at ambient 

temperature. The predicted fire resistance time of W1 became greater than 120 

min when the design load ratio was no more than 74%. Fig. 10 showed the 

predicted time-dependent lateral deflection for W1 under the design load ratio of 

74%. The positive values of the later deflection indicated deformation toward 

the fire side. 

0 100 200 300 400 500 600 700 800
0

20

40

60

80

100

120

R
ed

u
ct

io
n

 f
ac

to
r 

(%
)

Temperature (°C)

 Reduction factor of yield stress
 Reduction factor of elastic modulus

0 100 200 300 400 500 600 700 800
0

4

8

12

16

20

L
in

ea
r 

th
er

m
al

 e
xp

an
si

on
 c

oe
ff

ic
ie

n
t 

(1
0-6

°C
-1

) 

Temperature (°C)

 Q345 cold-formed steel

 
  (a) Reduced material properties     (b) Linear thermal expansion coefficient 

Fig. 8 Reduced material properties and linear thermal expansion coefficient for 

the Q345 cold formed steel at elevated temperatures (Ye and Chen 2013) 
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Fig. 9 Fire resistance prediction of W1 obtained from the thermo-mechanical 

response model 
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Fig. 10 Predicted time-dependent lateral deflection for W1 under the design load 

ratio of 74% 

Based on the same modeling method, the fire performance prediction of wall 

sample W2 was conducted, as shown in Fig. 11 to Fig. 13. The predicted fire 

resistant time of W2 was greater than 150 min when the design load ratio was no 

more than 92%. Moreover, according to previous experimental investigations, 

the testing fire resistance time of non-cavity insulated CFS walls lined with a 
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double layer of 12 mm fire resistant gypsum plasterboards on both sides was 

only 71 min when the design load ratio was 80% (Chen et al. 2012). Hence, the 

fire performance of load-bearing CFS walls is greatly improved by using 

gypsum composite panels on either side of steel frame. 
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Fig. 11 Approximate time-temperature curves of the hot and cold flanges of the 

steel stud for W2 
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Fig. 12 Fire resistance prediction of W2 obtained from the thermo-mechanical 

response model 
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Fig. 13 Predicted time-dependent lateral deflection for W2 under the design load 

ratio of 92% 

Conclusions 

This paper presented an innovative CFS wall lined with gypsum composite 

panels, with the advantages of easy construction and elimination of the opening 

of the board joints, which has an unfavorable influence on the fire performance 

of CFS walls. The fire resistance performance of CFS walls lined with gypsum 

composite panels was predicted based on our previously developed and 

experimentally validated modeling method. The degenerated material property 

of the cold-formed steel and thermal physical property of the gypsum 

plasterboard and aluminum silicate wool were obtained from our pervious 

experimental investigations and used as the basic input parameters in the fire 

performance modeling. The results showed great improvement of the fire 

performance for CFS walls lined with gypsum composite panels. The 

configuration details and corresponding design load levels were also given for 

the CFS walls with fire resistant ratings of 120 and 150 min. A series of fire 

experiments on CFS walls lined with composite panels is scheduled and will be 

presented later. 

553



 

 

Acknowledgments 

This research is sponsored by the National Key Technology Research and 

Development Program of the Ministry of Science and Technology of China 

(2011BAJ08B04), Priority Academic Program Development of Jiangsu Higher 

Education Institutions and the Scholarship Award for Excellent Doctoral Student 

granted by the Ministry of Education, China. 

References 

AISI S100-2007 (2007) “North American specification for the design of 

cold-formed steel structural members.” American Iron and Steel Institute, 

Washington 

Alfawakhiri F. (2001). “Behavior of cold-formed-steel-framed walls and floors 

in standard fire resistance tests.” Doctoral Thesis, Carleton University, 

Ottawa, Canada 

Chen W. and Ye J. H. (2012). “Mechanical properties of G550 cold-formed steel 

under transient and steady state conditions.” J. Constr. Steel Res., 73, 1-11  

Chen W., Ye J. H., Bai Y. and Zhao X. L. (2012). “Full-scale fire experiments on 

load-bearing cold-formed steel walls lined with different panels.” J. Constr. 

Steel Res.,79, 242-252  

Chen W., Ye J. H., Bai Y. and Zhao X. L. (2013a). “Improved fire resistant 

performance of load bearing cold-formed steel interior and exterior wall 

systems.” Thin-Walled Structures, 73, 145-157 

Chen W., Ye J. H., Bai Y. and Zhao X. L. (2013b). “Thermal and mechanical 

modeling of load-bearing cold-formed steel wall systems in fire.” Journal 

of Structural Engineering, ASCE, 2013, DOI: 

10.1061/(ASCE)ST.1943-541X. 0000862. 

Feng M., Wang Y. C. and Davies J. M. (2003). “Thermal performance of 

cold-formed thin-walled steel panel systems in fire.” Fire Safety Journal, 

38(4), 365-394 

Feng M. and Wang Y. C. (2005). “An experimental study of loaded full-scale 

554



 

 

cold formed thin-walled steel structural panels under fire conditions.” Fire 

Safety Journal, 40(1), 43-63 

Gerlich J. T., Collier P. C. R. and Buchanan A. H. (1996). “Design of light 

steel-framed walls for fire resistance.” Fire and Materials, 20(2), 79-96 

Holman J. P. (2010). “Heat transfer 10th Ed.” McGraw-Hill Higher Education, 

Boston 

Kodur V. K. R. and Sultan M. A. (2006). “Factors influencing fire resistance of 

load-bearing steel stud walls.” Fire Technology, 42(1), 5-26 

Kolarkar P. N. (2010). “Structural and thermal performance of cold-formed steel 

stud wall systems under fire conditions.” Doctoral Thesis, Queensland 

University of Technology, Queensland 

Kwon I. K., Choi K. and Jee N. Y. (1998). “Fire resistance of bearing wall using 

steel and gypsum.” Proceedings of the fourteenth international specially 

conference on cold formed steel structures, St Louis, USA, 379-391 

Sakumoto Y., Hirakawa T., Masuda H. and Nakamura K. (2003). “Fire resistance 

of walls and floors using light-gauge steel shapes.” Journal of Structural 

Engineering, ASCE, 129(11),  1522-1530 

Sultan M. A. (2010). “Comparison of gypsum board fall-off in wall and floor 

assemblies.” 12th international conference on fire science and engineering 

conference, Nottingham, UK, 1-6 

Sultan M. A. and Kodur V. R. (2000). “Light-weight frame wall assemblies: 

parameters for consideration in fire resistance performance-based design.” 

Fire Technology, 36(2), 75-88 

Ye J. H. and Chen W. (2013). “Elevated temperature material degradation of 

cold-formed steels under steady and transient state conditions.” Journal of 

material in civil engineering, ASCE, 25(8), 947-957 

Young D. (1971). “Iterative Solutions of Large Linear Systems.”  Academic 

Press, NY 

555


	Fire Resistance Prediction of Load Bearing Cold-Formed Steel Walls Lined with Gypsum Composite Panels
	Recommended Citation

	Microsoft Word - 2229 Chen Ye

