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ABSTRACT  

Steel beams generate considerable restraining 

pressures when exposed to fire and frequently act as 

straps. The response of beam restraints to the 

column bond under fire relies on many variables 

caused by the members under fire, such as their 

loading level, their limitations level, their 

temperature-dependent characteristics. There were 

numerical analyses performed and validated in line 

with EN 1993-1-2 for the design of steel structures 

under fire. Further research on the temperature 

impact on the mechanical properties of steel were 

carried out to create a new model for the study of 

fire-exposed steel members. The study focuses also 

on the knowledge of various kinds of limitations in 

the structure failure mode and the impact of thermal 

creep on structural components, since prior research 

shows that thermal creeps are a significant element 

in the analysis of the structure of steel. 
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INTRODUCTION  

Steel is frequently utilised because steel provides a 

variety of benefits over other building equipment. 

These benefits include high strength, ductility, 

manufacturing ease and building speed. An 

essential disadvantage in steel construction is the 

poor fire resistance of steel structural components 

owing to the high thermal conductivity and low 

specific steel heat, as well as to the accelerated 

temperature deterioration of the strength. This 

means that stainless steel structural components 

may lose load capacity (fight and rigidity) under fire 

circumstances at a quick speed. Wang, 2002 stated 

that the structural impacts of a fire upon the 

behaviour, at high temperatures and under 

temperature induced stresses, of a steel structure are 

produced by changes in the mechanical properties 

of stain and concrete. These modifications lead to 

distinct occurrences in various fire tests. There is 

therefore a need to make use of fundamental 

knowledge on the material characteristics at high 

temperatures in order to comprehend the 

complicated behaviour of a steel structure under fire 

conditions. The yield resistance and tensility of steel 

diminish at higher temperatures as does the 

modulus of elasticity. Steel often maintains strength 

and rigidity at a temperature of 1.100°F (593°C) to 

roughly 50 percent its strength and hardness. This is 

equivalent to decreases in strength and rigidity for 

regular concrete. Steel maintains strength and 

rigidity at 1.300°F (704°C) approximately 20%. 

Almost all strength depletion takes place at around 

2.200 °F (1.204 °C). Usmani, Rotter, Lamont, 

Sanad, & Gillie, 2001 acknowledged that, contrary 

to common perception, intrinsic fire resistance to 

composite constructions is considerably greater than 

that evident from the inspection of single steel 

fireplaces. It is also recognised that the existing 

guidelines for building such systems are too 

cautious rather than logical. Through the removal or 

severe reduction of fire protection from members in 

steel, it is thus feasible to build these structures 

considerably more cheaply without losing fire 

resistance. However, it is essential for the 

mechanics of whole structural frame structure in the 

fire to be thoroughly understood in order to fully 

utilise significant stores of strength. 
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FIRE SAFETY MANAGEMENT  

These are established processes to notify the 

building's inhabitants of particular measures in case 

of an epidemic. Although considerable study and 

effort in health and safety managers has been done, 

it has proven extremely difficult to follow the 

procedure during outbreaks since tenants have often 

changed. HSE urge the corporate entities in charge 

to provide adequate preparation for these events by 

educating its personnel to supervise and manage fire 

escape procedures for public assembly fields. The 

HSE Fire and Rescue Act (2010) provides for the 

recording of regularly available firefighting 

systems, fire control and fire detection mechanisms 

for analysis and safety. an essential element of fire 

control. 

REDUCTION FACTOR FOR STRESS STRAIN 

RELATIONSHIP OF CARBON STEEL IN 

FIRE  

For the mechanical characteristics of steel, the creep 

failure is usually due to a rise in stress and 

temperature which causes steel section deformity at 

a temperature of about 450° C. The retention factor 

for steel strain is 2 per cent compared with that in 

Part 8 of the BS5950 based on the Eurocode 3 Part 

1-2 calculations. The BS5950 enables you to choose 

various holding factors like 0,5%, 1,5%, and 2%. 

For the composite steel members of BS5950 Part 8 

(BSI 2003), the strength retaining factors needed is 

2% and for the non-composite steel members 0.5%. 

1.5%. 1.5%. The strength decrease acquired by 

Eurocodes (EC and 4) shown in Figure 1 is 

comparable to those achieved by BS5950 in the 

light of both data collected from the same testing 

programme. 

 

Figure 1- Reduction of material properties 

Figure 1 shows that the factor of decrease of 

strength is established in various ranges: 

proportional limitations, linear elastic range pitch 

and efficient steel yield strength. Comparing the 

data for the reduction factor in steel in the 

Eurocodes (EN 1993-1-2) combined with Figure 1, 

it could be concluded that the temperature 

exposition of carbon steel will reduce stiffness 

quickly and the strength will decrease slowly. As 

seen in Figure 1, the heat temperature of the steel 

decreases more abruptly yet linearly (Lennon et al., 

2007). 

BEHAVIOUR OF INDIVIDUAL 

STRUCTURAL MEMBERS AND 

COMPONENTS IN FIRE  

In the final analysis, the collapse of structural 

components may cause buildings to fail. In order to 

guarantee optimum safety, fire engineers are 

obliged to analyse each structural components. 

While structures must be analysed separately, 

advanced design standards necessitate that portions 

be simulated together, the vulnerability of buildings 

to fire may be determined by the interplay of the 

significance of structural components. Some 

variables such as form, size and placement of the 

building element may have the pace at which the 

steel heat is transferred to a part that is exposed to 

fire. In the knowledge of the behaviour of steel 

components subjected to fire, the placement of 

elements is also important. As stated by Lie (1972), 

a column in the centre of a building's reaction to fire 

will not be consistent with that of a suspended 

ceiling beam, or a slabs beam that might be higher 

than a fire's upper boundary. All of these will not be 

the same as an unprotected column, as we know, 

will fail faster than a projected beam. 

1 Beams  

The beams in the design of structures are used to 

transmit vertical and horizontal charges to the 

columns which are transferred to the building's 

foundations. DONG and LI (2005) investigated 

behaviour of steel beams and found that lateral 

torsional buckling has occurred as a result of heat 

expansion on beams, and this may lead to a collapse 

of the beam. Thus, the moments on the beam such 

bending moments, intermediate span deflection, and 

connecting moments all vary because of certain 

factors such as the end limitations, beam span and 

beam load capacity. An rise in temperature beyond 

room conditions may lead to softening of the steel, 

which in the combination of the momentum and 

axial thrusts can cause the development of plastic 

bindings around the end plate connections of the 

exposed beam. The exchange between pressure and 

tension forces owing to the existence of a catenary 

action triggers large deflections in fire beams. The 
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study also states: "Increased development of 

catenary action may be ascribed to increased levels 

of load leading to the formation of smaller axial 

forces." Kodur and Dwaikat (2008) also had this 

study. Stress distribution on the Web helps with 

local buckling resistance when beams are under 

stressful bending. Wang (2002) thus concluding that 

"only when the depth-to-density ratio is large may 

local buckling on the web on a steel beam fail, only 

if the maximum bending moment is reached." 

Buchanan (2001) showed out that a significant 

amount of steel beam failure may be ascribed to the 

end constraints, therefore calling into doubt the 

failure due to end limitation. Based on Piloto and 

Vila Real (2004), the conclusion is that steel beams 

that accelerate the failure time of steel beams are 

deflected because of their decrease in strength and 

stiffness. The test findings from the lateral 

torsionary beams' (LTB) Piloto and Vila Real 

(2002) showed that the steel beam's average failure 

time is around 25 minutes because of beam 

deflection. This would not be the case with all 

beams since beams with a higher cross-cutting and a 

greater capacity for carrying weight might survive 

longer because of increased fire stress. 

2 Columns  

Two kinds of steel grades are utilised for column 

design in steel structures: hot rolled columns of 

steel and cold thin-walled columns of stone. 

Column testing is usually done in the fireworks; the 

study of fire-column behaviour using software for 

finite elements is usually recommended only in a 

few of those furnaces. The structural design usually 

includes "columns in the walls that serve as fire 

protection" (Buchanan, 2001). The failure mode of 

columns is different from cold-shaped ones, since 

the fire mode for hot-rolling failures is identical to 

the failure mode for higher temperatures. (Wang 

2002). Wang 2002. The location of the column may 

lead to just one side heating, which would lead to an 

increase of the temperature gradient. The sleness of 

this part should be taken into consideration when 

analysing the effect of fire on columns of steel 

exposed to fire, and the analysis of the slenderness 

of a column of steel under fire has been conducted 

at Lei (1972), which shows that "the sleekness of 

steel depends heavily on its critical temperature." 

For analysing steel columns under fire, support 

circumstances and non-uniform column distribution 

temperature, Wang (2002) and Kodur and Dwaikat 

(2008) were recommended. If deformed beams 

increase plastic beams, won't this alter column 

failure mode compared to a beam? Restrictions on 

columns determine the failure mode of a fired 

column This is because when a beam is induces 

thermal expansion by induced fire loading, they 

generate significant moments in conjunction with 

increasing gravity forces which activate plastic 

hinges on the columns (Quiel and Garlock, 2010). 

DESIGN OF STEEL STRUCTURES FOR FIRE 

SAFETY 

1. Design Fires (ISO Standard Fire Curve and 

Parametric Fire) 

Real fire, owing to many variables such as: the 

development stage, length of an outbreak and peak 

temperature of an outbreak, is susceptible to 

distinctive differences compared with other design 

fire and could be observed in Figure 2. 

 

Figure 2 Comparison between parametric fire 

and real fire (steel construction institution) 

There are certain parallels between parametric fire 

and actual fire breakouts, according to the Steel 

Contraction Institute (2013) owing to the 

consideration of comparable phases such as phase 

flash, cooling and fire development. In Figure 3, 

this link can be observed. 

 

Figure 3- The comparison between ISO standard 

fire and Parametric fire (Steel Construction 

Institution) 

The Williams-Leir (1973) equation and Fackler 

(1959) are some questions that may be used to 

identify the temperature time connection on the ISO 

834 standardised fire curve. These two equations 

assume that the structures' environment temperature 

may not be 20°C which conflicts with the 
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assumptions of Eurocodes. The reason for this 

assumption is probably the conditions, and the 

usage of the building, given that the average 

temperature of the laboratory is not the same as a 

classroom, should also be taken into consideration 

during the design of fireworks. 

2. ISO Standard Fire Design Vs Stress Strain 

Curve  

Standard fire curves are used to mimic extreme 

circumstances of fire exposure; they occur in 

compartments after the flashover stage. The 

parametric fire also has a strong connection to the 

stress-strain relationship based on EN 1993-1-2 that 

enables a hardening phase. This similarity permits a 

hardening phase, which is similarly linked to the 

stress curve at higher temperatures. 

.PROTECTION OF STEEL STRUCTURES 

FOR FIRE RESISTANCE  

1. Behaviour of Unprotected Steel Members in 

Fire  

Due to an increase in exposure to transitory 

temperature, the loss of strength in a shielded steel 

component may be. As a consequence, extending 

the steel results in reduced strength and bending, as 

mentioned above, leading to section fault. The 

existence of a consistent temperature on the 

componant is of high diffusion in steel sections, 

while low diffusiveness will lead to a degree of 

temperature. Carbon steel temperature gradient 

produces a non-linear expansion of the compression 

components in the hotter portion and colter tension 

in the cooler sections. 

 

Figure 3 Heat transfer in an unprotected steel 

member 

Unregulated expansion of steel components leads to 

deformation and forces the material expansion to 

the heat source. The stress increases under fire in 

restricted portions, forcing the pressures on the 

segment to behave as an induced stress. In Figure... 

below you can see this. 

 

Figure 4 From left to right deformation due to 

fire and stress due to fire exposure 

In the event of a fire, a steel member's temperature 

increase depends on the length of fire exposure. 

ANSYS software is used to analyse the whole 

structure for this project. This programme enables 

structures to be analysed in the three main heat 

transfer modes, which may be used to provide a 

better understanding of steel's structural conduct. 

2. Behaviour of Protected Steel Members in Fire  

These protection methods are still designed to store 

heat energy in steel members. Protected members 

are those having a type of fire protection. The 

assumption that the insulation used to shield the 

steel members does not have thermal capacities 

allows for the difference between the temperatures 

held in steel protection and the stain temperature. 

This shows that the heat transmission time to the 

steel member is much longer than on an 

unprotective member owing to the protection layer. 

The design should generally include some kind of 

moisture in protective layers. This leads to a heat 

rate rise of about 100oC. 

 

Figure 5 Heat transfer on protected steel 

members in fire 
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Heat transmission on shielded steel members 

depends on the thermal characteristics of the 

protective material. In order to guarantee structural 

safety, it should be understood certain 

characteristics such as thermal insulation, thermal 

conductivity, specific heat and thermal density. Of 

the above two characteristics, the density of the 

steel section and the particular heat are not changed 

by the change in temperature. The thermal 

conductivity of the part, which is susceptible to vary 

as a consequence of an increase in temperature, is 

another essential to note. This is often done by 

using computer software to simplify the calculations 

when a steel component is heated from 100oC to 

1000oC to reach the ultimatic thermal conductivity 

of the fired component. Average conductivity value 

based on mean insulation temperature should be 

obtained when the steel component reaches the 

maximum safe temperature for easy computation 

and analysis. In situations when it is not feasible to 

initiate an approach, a safety factor is used to mimic 

this event with a maximum permissible temperature 

of 600oC. 

CONCLUSION  

This study examined the impact of high 

temperatures on structural steel components in 

accordance with ISO standard fire. During this 

study it was found that the design codes do not 

include processes and techniques for the 

examination of the frame and easy calculation 

models for stress stress. An study of the whole 

structure and not just the analysis of individual 

components is an excellent technique for structural 

analysis. The Eurocodes critical temperature 

method includes the three domains for member 

analysis to be addressed while designing as it covers 

the structure's time, temperature and resistance 

requirements. All of these are essential to enhance 

individual members' performance under pressure. 

The critical technique also offers insight on the 

mechanical characteristics of steel with less than 

80% of the individual member qualities lost after 

failure. The critical temperature approach also 

provides information. A comprehensive report on 

the behaviour of a whole structure is provided by 

the analysed ANSYS software model. The analysed 

findings demonstrate that the low pressure owing to 

a rise in temperature leads in higher intermediate 

deformity and axial restraint forces. The load level 

of a structure also affects the thermal stress of a 

part, which is likely to report a greater deflection 

level. The ANSYS programme also helped to show 

that end constraints have a role in a structure's 

failure time. 
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