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Abstract 

It is regarded that the structural stability of the beams designed with structural steels is 

going to lose, may cause the severe deflections and result in structural failure at a severe 

fire situation. Therefore, the strategy to sustain the fire resistance of the beam is very 

essential requirement to every country. There are two ways of evaluation on the fire 

resistance for the structural members. The first one is to select the fire resistance structures 

from the regulation or standard. The second one is to calculate the structural stability based 

on scientific and engineering design processes and this method can utilize the sizes of 

structural element, boundary conditions, and fire loads, etc. In this study, the structural 

stability of the beam built with two kinds of structural steels having different  lengths of the 

beam, sorts of design fires is calculated using mechanical properties derived from various 

temperatures. The results show that the structural stability of the beam is different by the 

kinds of the structural steels and deflections, maximum load capacities are decreased as the 

lengths of the beam is getting longer and structural stability at a fixed boundary condition 

is higher than that of  a simple boundary. 
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I. INTRODUCTION 

 

Steel framed structures is one of the best system to 

build a high-rise building in terms of an efficient 

construction method including not only the 

schematic design stage but maintenance.  It is a 

common well-known information that there are 

lots of steels applied to building construction and 

the performance of the steels is getting weakened 

when the steels is exposed to fire situation. 

Therefore, the satisfaction of the fire resistance of 

the steel structure is very important and become a 

mandatory requirement from each nation. It is very 

common classification to distinguish the fire 

resistance by two categories. One is the 

prescription method that is very simple way to have 

the fire resistance in accordance with the 

requirement of the building regulation and standard.  

Another one is the performance based fire 

engineering design and this is described as an 

alternative method.  Fire resistance can be achieved 

by evaluation of the structures using a scientific 

and an engineering technologies. Nowadays, the 

latter is more popular way to determine the fire 

resistance in structures. In this paper, to compare 

the fire resistance of the structural beams built with 

ordinary grade structural steels such as SS 400 and 

SM 400 which are widely used in steel framed 

buildings in Korea, a performance based fire 

engineering method was used.  

 

II. EVALUATION OF STEEL BEAMS AT 

HIGH TEMPERATURES 

A. Analysis Process 

Evaluation of steel framed structures such as 

buildings and bridges in fire requires some 

engineering processes. First step is to make a 
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scenario that express the severe condition of fire 

outbreak and a deep impact to the structure. Next 

stage is calculation of the structure at high 

temperatures using a heat analysis and a stress one 

step by step. 

B. Mechanical Properties of Materials 

When the beam is analyzed, to get a correct value 

it is very essential to use the proper mechanical and 

thermal data for the materials in a fire situation.  In 

this paper, the mechanical data for the SS 400, SM 

400 are shown in the Table 1, respectively.  

 

Table 1. Mechanical properties in high 

temperatures 

Sorts Properties 
Temperatur

es 
Regressions 

SS 

400 

YP 

T ≤200℃ 
Cold value 

(240 MPa) 

200 ≺ T 
-0.32T+303.

21 

EM 

T ≤100℃ 
Cold value 

(210 GPa) 

100 ≺ T 
-0.22T 

+232.16 

SM 

400 

YP 

T ≤200℃ 
Cold value 

(240 MPa) 

200 ≺ T 
-0.29T+293.

44 

EM 

T ≤200℃ 
Cold value 

(210 GPa) 

200 ≺ T 
-0.26T 

+261.18 

  

C. Conditions 

In general, the beam in the building can be 

designed by kinds of the boundary conditions and 

these are a simple beam and a fixed boundary one. 

The simple beam condition is designed as it is not 

sustained the moment at the both end, but the fixed 

conditioned beam can carry the moment at the both 

end. Therefore, in this calculation the simple and 

fixed condition are considered as a main boundary 

conditions. In addition, the beam lengths can be 

considered as a factor that affect to fire resistance 

in high temperature. Therefore, the three lengths, 

4100, 4400 and 4700 mm would be regarded. To 

get the parametric fire curve in the compartment, 

the dimension, 3,000mm x 4,000 mm x 2,500 mm 

and one open(900 mm x 2,000 mm) are considered 

and the occupancy of the building is office. 

III. FIRE PERFORMANCE OF BEAM AND 

DISCUSSIONS 

The calculation of the beam designed with SS 

400 and SM 400 was done with a program that was 

developed by the author and programed using an 

excel sheet. That program utilizes the mechanical 

and thermal properties of each steels and calculate 

the history of steel temperatures as the time is 

increased and structural stabilities such as 

maximum load carrying capacity and deflection 

tendency are calculated while the surface 

temperatures of the beam are changed. 

 

A. Surface temperatures 

Surface temperatures of the steels in high 

temperature are increased as the time is passed, for 

the fire load can produce not only heat but light 

during combustion period. In this study, to 

determine the surface temperature of each steels, 

the thermal properties such as specific heat and 

thermal conductivity are used. To get the structural 

stability in high temperature, two kinds of design 

fires from the Korean Standard and the Eurocode 

one were applied. Generally, a standard fire curve 

that is defined in each nation’s standard and a 

natural fire curve that is derived from each 

compartment condition. In this study, to compare 

the structural stability, the maximum load and 

deflection, two design fires were used. Standard 

fire curve and derived parametric fire curve are 

shown in the Figure 1. The calculated surface 

temperatures of two steels are expressed in Figure 

2 and Figure 3.  
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Figure 1. Design fires 

B. Simple Beam 

When the loading is applied into the beam, the 

structural stability is active and as the loading is 

applied, the maximum allowable capacity and 

deflection is increased gradually and then if the 

stability is reaching to the limitation, the beam 

would be failed in high temperature. Thus, the 

collapse of the beam in a fire is dependent on the 

fire loads and duration of the fire, etc.  

After calculation of the structural stabilities with 

not only mechanical but thermal data of the SS 400, 

the maximum load versus elapsed time is derived 

and shown in the Figure 4. 

 

 
Figure 2. Surface temperatures from SS 400 

 

 
Figure 3. Surface temperatures from SM 400 

 

 
Figure 4. Maximum load versus times(SS400) 

 

There are little differences at the increasing surface 

temperatures from a standard fire curve and a 

parametric fire curve in SS 400 and SM 400 for the 

thermal properties and increasing patterns are 

almost the same.  

The deflection of the simple beam is going to 

increase when the time is passed. But in case of 

parametric fire curve, the increasing pattern is 

turned into reduce after about 12 minutes due to 

decreasing history of design fire(Figure 5). From 

this result, it is clear that the surface temperature of 

the steels is dependent on the fire load. Therefore, 

the standard fire curve can be regarded as much 

conservative in case of fire situation. 

 

 
Figure 5. Deflection versus elapsed times 

C. Fixed Beam 

In figure 6 and figure 7, the maximum load and 

deflection at a fixed boundary condition are shown, 

respectively. According to two figures, the 

tendency of the maximum load and deflection at a 

fixed condition are similar to those from the simple 

beam but the reduction ratio of the maximum load 

and deflection showed a big different. Therefore, 

the structural stability in the fixed condition is 

regarded as a much stable than that at the simple 

beam. 

 

 
Figure 6. Maximum load versus times 
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D. Beam Lengths 

As the beam lengths are  increased, the structural 

stability of the beam can be reduced but it is not 

easy to ascertain what size it is reduced to. 

Therefore, to certify the stability is necessary in fire 

condition. At first, to clarify the difference in high 

temperature, maximum load and deflection are 

compared in the simple beam condition at the 4100 

mm in length. The results are showed in Figure 8 

and Figure 9, respectively. 

 

 
Figure 7. Deflection versus elapsed times 

a) 4100mm in simple and fixed beam 

 

 
Figure 8. Maximum load at two boundary 

condition 

 

 
Figure 9. Deflection at two boundary condition 

 

According to comparison with two results, the 

fixed boundary condition is regarded much safer 

than that from simple beam in case of fire and it is 

clear that structural stability at the fixed condition 

is superior to that at the simple one in structural 

aspect. 

b) 4100mm to 4700mm in simple beam 

It is regarded as an important factor to know how 

the capacity of load carrying capacity is sustained 

due to difference of the length in fire situation. 

Therefore, the maximum loads and deflection 

versus elapsed time are calculated and expressed in 

Figure 10 and Figure 11.  

 

 
Figure 10. Comparisons of the maximum loads 

at various lengths 

 

 
Figure 11. Comparisons of the deflections at 

various lengths 

 

In a standard fire, the structural stability is shown 

to be worse, for the parametric fire curve can be 

down after the consumption of the combustible 

materials within the compartment.  
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IV.  CONCLUSION 

Steel framed buildings and structures are 

increased gradually due to their structural and 

economical benefit in construction market. 

However, the fire safety requirements have been 

strengthen due to their inherent weakness to high 

temperatures. In this study, to cetify and clearify 

the structural stability of the beam designed by the 

ordianry grade structural steel, SS400 and SM 400 

the performance based fire engineering design 

method was applied and the followings are derived.  

 

1) Parametric fire curve is derived from a real 

situation of compartment and it is more rational 

than the standard fire curve. 

2) Surface temperature history curves of SS 400, 

SM 400 were derived and the result was almost the 

same. 

3) Maximum loads and deflection were 

calculated and the parametric fire curve was 

regarded as more rational than standard fire curve 

4) As the lengths of the beam is longer, the 

structural stability is worse and differences in 

lengths are compared.  
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