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Abstract— This paper presents a developed method using practical advanced analysis (PAA) for fire analysis of steel frames. 
PAA based on the beam-column approach is employed to obtain the nonlinear inelastic behaviors of structure. The fire effects 
on structural behavior of steel frames are estimated by taking into account the degradations of elastic modulus, yielding 
strength, and thermal force at elevated temperature. The calculated results are then compared with the test results to 
demonstrate the accuracy of the proposed method. 
 
Keywords— Fire Analysis, Practical Advanced Analysis, Steel Frame. 
 
I. INTRODUCTION 
 
PAA methods allow the direct capture of nonlinear 
inelastic behaviors of steel structures. Liew et al. [1] 
and Iu and Chan [2] have used this method for fire 
analysis of structures. However, the results from these 
studies might not reliably reflect the behavior of 
structures under fire effects since P  effect has not 
been considered. Besides, Chen and Hwa [3] have 
used advanced analysis to determine the survival time 
of steel frames under elevated temperature. 
Nevertheless, this approach was limited in 
two-dimensional formulation case. 
To address the aforesaid limitations, we propose an 
efficient method for fire analysis of steel frames used 
in three-dimensional formulation. In order to 
demonstrate the accuracy of the proposed method, the 
analysis results are compared with tests. 
 
II. PRACTICAL ADVANCED ANALYSIS 
 
The beam-column approach used for practical 
advanced analysis was presented in the work of Kim et 
al. [4]. Accordingly, the P  and P   effects are 
accounted by using stability functions, while the CRC 
tangent modulus concept is used to account for 
residual stresses and initial geometric imperfection. A 
parabolic function model is used to represent the 
transition from elastic to zero stiffness associated with 
a developing hinge. This formulation was successfully 
used for analyzing the steel frames subjected to the 
static load. 
 
III. PRACTICAL ADVANCED ANALYSIS IN 
FIRE 
 
The degradation of the yield strength and elastic 

modulus of steel material at the elevated temperature 
leads to a decrease of structural stiffness. Those 
degradations are determined using the mathematical 
models proposed by Chen and Hwa [3]. In this 
analysis, the internal forces caused by thermal 
expansion are also treated as equivalent forces due to 
temperature change. The fire analysis of steel 
structures is presented in the following sub-sections. 
 
A. The internal forces due to temperature effects 

According to Kim et al. [4], the incremental 
force-displacement relationship of beam-column 
element is written as: 
   ij ,F K D                   (1) 

where  F and D  are the incremental force and 

displacement vectors, respectively; and   ijK  is the 

tangent stiffness matrix. 
Assuming that the temperature through cross 

section is uniform, Eq. (1) considering the effect of 
temperature can be expressed as: 
     ,T

ij TF K D F                                (2) 

where T is the elevated temperature; T
ijK 

   is the 

tangent stiffness matrix at T; and  TF  is the 
incremental thermal load vector, which is written as: 
   0 0 0 0 0 ,T

T TF E A T           (3) 
in which TE A ,   , T  are the axial stiffness, 
coefficient thermal expansion, and incremental 
temperature, respectively. In this study,   is assumed 
to be equal to 6 114 10 C  . 
 
B. Fire analysis of steel frames 
In the proposed procedure, the structural static 
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analysis under applied loads is firstly performed, and 
fire analysis is then carried out. In fire analysis, the 
unbalanced forces of the structure due to temperature 
change are calculated based on the difference between 
the internal and external forces. The incremental 
displacements of the structure corresponding to these 
unbalanced forces are computed and then added to the 
total displacement of the structure. This process is 
repeated until the equilibrium between internal and 
external forces is satisfied. So on, a new thermal 
increment can be imposed to the structure to restart the 
procedure.  
 
IV. VERIFICATION 
 
To illustrate the accuracy of the proposed method, two 
different examples are calculated and verified. 
 
A. Simply supported beam 
A simply supported beam with uniformly heated along 

the entire length as shown in Fig. 1, tested by Rubert 
and Schaumann [5], is used for the first verification. 
The section of the beam is IPE80. At ambient 
temperature, the elastic modulus (E20) is equal to 
210x103 N/mm2, while the yield strengths (fy20) are 
equal to 401 N/mm2 and 399 N/mm2 corresponding to 
the ratio F/Fu (the applied/ultimate load) = 0.2 and 
0.5, respectively. 

 
Fig. 1. Simply supported beam 

 
Fig. 2 compares the displacement – temperature 
relationship at mid-span between the proposed 
method and the test results. It can be seen that the 
present results shows a good agreement comparing 
with the test results.  

 

 
(a) 

 
(b) 

Fig. 2. Temperature-displacement relationship at mid-span of the simply supported beam 
 

B. Inverted L-shaped frame 
Another test of Rubert and Schaumann [5] on the 
inverted L-shaped frame, as shown in Fig. 3, is used 
for the second verification. In this case, E20 is equal to 
210x103 N/mm2 and fy20 is equal to 382 N/mm2 at 
ambient temperature. 
 

 

 
Fig. 3. Steel frame 
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Fig. 4. Temperature –vertical displacement (v3) relationship 
 
Fig. 4 shows the relationship between the vertical 
deflection (v3) and temperature. It illustrates a 
reasonable agreement between the present work and 
the given test.  
 
CONCLUSION 
 
The following conclusions are drawn from this study: 

1. An effective method using practical advanced 
analysis with three-dimensional formulation is 
proposed for fire analysis of steel frames. 

2. The good comparisons between the present 
work and the test results demonstrate that the 
proposed procedure is accurate. 
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