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Figuring out the thermal response and damage features of fabricated steel structures under 

fire conduces to enhancing the fire resistance of steel structures and lowering the 

probability of fire accidents. Available methods are able to simulate complex fire 

situations, but their accuracy is affected by the adopted models and calculation methods. 

For this reason, this paper researched the thermal response and damage features of 

fabricated steel structures under fire. At first, the thermal response of fabricated steel 

structures under fire was analyzed, the ultimate bearing capacity and the fire resistance was 

calculated and checked. Then, the evolution of fatigue damage of fabricated steel structures 

under fire was analyzed, and the fatigue damage evolution method and its flow were given. 

At last, combining with actual cases, the thermal response and damage features of 

fabricated steel structures under fire were examined experimentally, and the results verified 

the validity of the proposed analysis method. 
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1. INTRODUCTION

Fabricated steel structures are widely used in all kinds of 

engineering projects these days due to their many merits 

including fast installation, controllable quality, and recyclable 

materials [1-8]. However, as an emergency event, fire 

accidents can greatly affect the stability and bearing capacity 

of steel structures, and there are a lot of blanks in the research 

on the thermal response and damage features of fabricated 

steel structures under fire [9-14]. Thus, research efforts to fill 

in these blanks are of utterly importance [15-18] since they 

could not only contribute to enhancing the fire resistance of 

steel structures and lowering the probability of fire accidents 

[19, 20], but also provide useful technical support for 

engineering design, construction and management, thereby 

promoting the application of fabricated steel structures in more 

projects. The attained research results could serve as both 

theoretical evidence and practical experience for formulating 

fire prevention specifications and design guidelines, 

ultimately dedicating to raising the fire prevention level of the 

entire construction industry. 

Alam et al. [21] made investigations to understand the 

conditions under which a travelling fire may start and develop 

and its impact on surrounding steel structures. Authors 

performed the fire test for two times with normal and reduced 

sizes of openings to simulate different ventilation conditions, 

observed the behavior of traveling fire, and recorded the gas 

temperatures at different levels and locations. The impact of 

traveling fire on surrounding structure was studied based on 

recorded temperatures of selected steel columns and beams, 

and the impact of ventilation condition was discussed by 

comparing the results of the second fire test with the records 

made before the first fire test. Their study revealed that 

travelling fire produces non-uniform temperatures in the 

compartment irrespective of ventilation conditions although 

the magnitude of this non-uniformity is related with the size of 

the opening, and such non-uniformity exists along the length 

as well as along the height of the test compartment. Hou et al. 

[22] established a regression model for researching the high

temperature performance of steel strands which can be used

for both theoretical analysis and numerical calculation. Based

on a non-stationary temperature field model constructed for

fire in tall and large space buildings, the authors adopted a non-

linear finite element numerical analysis method with time

integral effect taken into account to build a fire resistance

numerical model for large-span pre-stressed steel structures,

and used a beam structure fire-resistance calculation example

to discuss the impact of different fire source positions on the

fire-resistance of pre-stressed steel structures. Manco et al.

[23] reported the results of a numerical investigation work

aiming at assessing the structural safety of an actual offshore

topside steel structure exposed to accidental localized fire

conditions, and discussed the nonlinear thermo-mechanical

and ultimate strength behaviors attained via two means:

sophisticated CFD (Computational Fluid Dynamics) and LF-

ESF (Localised Fire with Ellipsoidal Solid Flame), which were

previously developed and validated by the authors. CFD-based

approaches usually use the input energy given by a combustion

model to solve nearly compressible flows, and make accurate

evaluation on the fluid’s thermal response in the entire

duration of a simulated accident. However, analysis

complexity, massive produced data, and long computational

time make the CFD approaches unsuitable for the current

design. In contrast to CFD approaches, the proposed LF-ESF

approach could give accurate estimates and the modelling can

be directly performed in FE-based commercial software to get

the temperature changes and thermo-mechanical behaviors of

the steel. Their research results indicate that the LF-ESF

approach combined with FE-based models can give reliable

fire-safety analyses, ensuring that the main safety (load-

bearing) functions of the offshore steel structures are not

impaired during accidental fire conditions.
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Currently available methods for analyzing the thermal 

response and damage features of fabricated steel structures 

under fire can be divided into several types: theoretical 

analysis methods, experimental research methods, and finite 

element analysis methods. The accuracy of theoretical 

methods is often constrained by models and assumptions; the 

experimental methods cost too much, and can hardly simulate 

all possible fire situations due to limited test conditions; the 

accuracy of finite element analysis is also affected by models 

and calculation methods even though it can simulate complex 

fire situations. In view of these matters, this paper researched 

the thermal response and damage features of fabricated steel 

structures under fire. In the second chapter, the thermal 

response of fabricated steel structures under fire was analyzed, 

the ultimate bearing capacity and the fire resistance was 

calculated and checked. In the third chapter, the evolution of 

fatigue damage of fabricated steel structures under fire was 

analyzed, and the fatigue damage evolution method and its 

flow were given. At last, combining with actual cases, the 

thermal response and damage features of fabricated steel 

structures under fire were examined experimentally, and the 

results verified the validity of the proposed analysis method.  

2. THERMAL RESPONSE OF FABRICATED STEEL

STRUCTURE IN FIRE

Fire can cause dramatic temperature rise to steel structures, 

thereby reducing their strength and stiffness. The calculation 

of ultimate bearing capacity is helpful to evaluate the stability 

and safety of steel structures in case of fire, supplementing 

evidences for fire prevention design, and guaranteeing the 

safety of personnel and property. Excessive design can cause 

resource waste and increase project cost. By calculating the 

ultimate bearing capacity, reasonable section size, material 

grade and protective measure could be determined for steel 

structures, avoiding the unnecessary excessive design. Also, 

the evaluation of the damage degree of steel structures after 

fire could provide evidences for post-disaster recovery and 

repair works, ensuring construction quality and safety. Figure 

1 shows the model for calculating the ultimate bearing 

capacity adopted in this paper. 

Figure 1. Calculation model of ultimate bearing capacity 

In this study, assumptions and methods under normal 

temperature conditions were adopted to calculate the ultimate 

bearing capacity of fabricated steel structures under fire, 

specifically, assuming: t0 represents the initial bending of a 

constant-pressure rod, there is: 

( )mzt  sin00 = (1) 

The deflection curve of steel structure under axial pressure 

is given by the following formula: 

( )  ( )mzBBt RY  sin10 −= (2) 

Assuming: S represents the sectional area of the steel 

structure, η represents the slenderness ratio of the steel 

structure, RY represents the elastic modulus of the member at 

high temperature, then the Euler critical force of the fabricated 

steel structure under axial pressure at high temperature can be 

calculated as follows: 

SB RYRY = (3) 

22  YRY R= (4) 

If the maximum deflection of the steel structure appears at 

the m/2 position, then the maximum deflection can be 

calculated by the following formula: 

( )RYmzMA BBt −== = 102  (5) 

At the center point position, the cross section of the steel 

structure is subjected to axial pressure B and the bending 

moment, satisfying L= BσMA; if the resistance bending moment 

of the cross section is represented by Q, then the formula for 

calculating the edge stress of the section is: 

S

B
QB += max (6) 

Assuming: r0=σ0S/Q represents the initial eccentric distance 

of the steel structure, by combining Formulas 5 and 6, we have: 
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The following formula gives the ultimate stress state of the 

steel structure: 
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The critical stress of axially compressed rods of steel 

structure under fire can be calculated by the following formula: 
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The critical stress of axially compressed rods of steel 

structure at room temperature can be calculated by the 

following formula: 
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Fire resistance check calculation is a key link to evaluate the 

safety performance of steel structures under fire, it can check 

whether a steel structure can maintain a stable bearing capacity 

under fire within a specified duration or not, thereby ensuring 

the safety of personnel and property. Fire resistance check 

calculation is a statutory requirement during building design 

and construction processes. According to the construction 

codes of each country and region, building structures must 

meet requirements for a certain fire resistance level to make 

sure that when a fire starts, they could buy enough time for 

personnel evacuation and fire rescue. Through fire resistance 

check calculation, people can discover potential risks with 

steel structures under fire conditions, thereby making 

optimizations to the fire protection design. The results of fire 

resistance check calculation can help engineers understand the 

performance changes of steel structures under fire, laying a 

basis for assessing the structural damage at fire, making 

reasonable arrangement of post-disaster recovery and repair 

works, and assuring good construction quality and safety. 

If the type parameter of the cross section is represented by 

ε, then according to the calculation of ultimate bearing 

capacity, δXHY and δXH can be expressed by Formulas 11 and 12. 

Assuming: θY represents the stability coefficient of the 

fabricated steel structure under axial pressure at high 

temperature, θ represents the stability coefficient of the 

fabricated steel structure under axial pressure at room 

temperature, then there are: 

tYYXHY d = (11) 

tXH d = (12) 

 vY = (13) 

where, βv=1+ηs1η3 , 0≤η≤80; βv=1+ηs2{1-3.29×10-6(250-η)2.4}, 

80≤η≤250. In this paper, after attaining θY and δXH, the fire 

resistance check calculation was performed further. Assuming: 

dtY represents the yield strength of steel at high temperature, εE 

represents the resistance coefficient of steel, dY represents the 

design strength of steel at high temperature, then there is:  

tY

Y

d
S

B



(14) 

Assuming: B represents the design value of the fabricated 

steel structure under axial pressure during fire, S represents the 

gross section area of the axially compressed rod, that is θY= 

βvθ, βv represents the stable check calculation parameter of the 

fabricated steel structure under axial pressure at high 

temperature, then the formula above can be written in another 

form: 
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E

Y



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3. FATIGUE DAMAGE EVOLUTION OF 

FABRICATED STEEL STRUCTURE UNDER FIRE

Analysis of the fatigue damage evolution of fabricated steel 

structures under fire involves the relationship between the 

thermodynamic state variables and the damage variables of the 

steel structure. Under fire conditions, the thermodynamic state 

variables of steel structure include temperature, stress, strain, 

etc., and the damage variables mainly reflect the damage 

degree and failure risk of the structure. There is a certain 

relationship between the two types of variables. During fire 

disasters, the temperature rise of steel structures is the main 

cause of structural damage, as the temperature increases, both 

the strength and stiffness of the steel decline significantly, 

thereby leading to a drop in the bearing capacity of the 

structure. In the meantime, temperature rise can also cause 

thermal expansion and a large thermal stress, which can 

further aggravate structural damage. Figure 2 shows the 

temperature measuring points of a common steel structure 

subjected to fire on four sides. Under fire conditions, stresses 

acted on the steel structure mainly include thermal stress and 

mechanical stress. The thermal stress originates from thermal 

expansion caused by temperature gradient, while the 

mechanical stress comes from factors such as the weight and 

load of the structure. Stress increment can accelerate the 

development of structural damage, causing expansion of 

fatigue cracks, in severer cases, structural failure. Under fire 

conditions, the strain of steel structures contains thermal strain 

and mechanical strain. Similarly, thermal strain is caused by 

thermal expansion, and mechanical strain is related to stress. 

The increase of strain can cause the structure to deform and 

reduce its bearing capacity and service life. When the strain 

exceeds the strain tolerance of steel, the structure will face the 

risk of failure. 

Figure 2. Measuring points of a steel structure with four 

sides on fire 

In the analysis of fatigue damage evolution of fabricated 

steel structures under fire, the constitutive relationship of basic 

units of damage and fracture involves the response of steel 

structure under different thermodynamic conditions. The basic 

unit constitutive relationships are mathematical models that 

describe the correlations between stress, strain, and damage of 

materials under different states. The basic unit constitutive 

model adopted in this study is the Lemaitre damage model, 

which uses a damage variable to measure the damage degree 

F of materials based on the concepts of equivalent stress and 

equivalent strain. In this model, damage variable D increases 

with stress and strain, when damage degree F reaches the 

critical value, the material will break. 

Based on the known Lemaitre damage model, the fatigue 

damage of steel structure under fire can be assessed by 

considering the monotonic stress-strain curve in a single 

fatigue loading cycle and the law of damage evolution. In a 

single cycle of fatigue loading, at first, the monotonic stress-
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strain curve needs to be determined, which describes the 

stress-strain relationship experienced by the steel structure 

during a single loading. In this loading process, stress 

increment can cause minor damages, and the accumulation of 

these minor damages conforms to the law of damage 

evolution, which is given by the basic unit constitutive model. 

In the unloading stage, since the unloading process does not 

produce additional damage, there’s no need to take into 

account its effect on the damage. By taking the range-variant 

integral of the loading stress, the cumulative damage 

increment in a single cycle of fatigue loading can be 

calculated, which can represent the damage degree of the steel 

structure in one fatigue cycle. 

Figure 3. Methods and flow of fatigue damage evolution analysis 

The specific derivation process of the above flow is detailed 

below. Figure 3 gives the methods and flow of fatigue damage 

evolution analysis. At first, the release rate of damage strain 

energy was introduced into the constitutive damage evolution 

law of basic units under the condition of stress increment, then 

there is: 

( )






nb

FRsRs

~

F 










−
=













=

2

22

122
(16) 

Assuming: j represents the material constant, then the power 

function relationship existing between micro plastic strain and 

effective stress by assumption can be expressed as: 
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Taking the differentials of the above formula, there is: 
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To characterize the coupling effect between stress and 

damage during the loading process of fabricated steel 

structures under fire, the following formula is given: 

211 ）（ F

F

F
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−
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=
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 (19) 

Above analysis shows that the variation of effective stress 

consists of two parts: one part is caused by changes in actual 

nominal stress, and the other part is caused by changes in 

damage. Changes in effective stress can affect the damage 

evolution process of the steel structure, let m=2n+1 and 

X=(1/2Rs)nl/jl, and further combine Formulas 19, 18 with 16 

to get: 
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By performing circulatory integration on above formula, we 

can get: 
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Because the fatigue damage evolution equation of steel 

structures shown in Formula 20 is non-linear, the stress and 

damage of steel structure are not independent by default, so 

the explicit expression of σF/σB cannot be derived from above 
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formula. To solve this matter, this paper introduced a 

normalized damage variable, let F→∞, then there is: 

( ) mm
XF =−

+1
1 (22) 

The residual strength δe can be calculated by the following 

formula: 

( )
( ) mm

e
X

F
F

1
1

1












 −
=

+

 (23) 

When F is equal to 0, the steel structure has no fatigue 

damage, and the ultimate strength δa of the steel structure is: 
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Above two formulas were combined to get: 

( ) m

m
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−= (25) 

When the residual strength of the steel structure reaches the 

fatigue loading stress level δMA, the structure is in a critical 

state of fatigue damage, and the damage at this time is the 

critical damage. Figure 4 shows the critical fatigue damage 

and deformation of steel structures. The formula for 

calculating the critical damage value is: 

( ) 1

1

1 +−= mm

v XF  (26) 

Figure 4. Critical fatigue damage and deformation of steel 

structure 

In simple words, the normalized damage variable can 

simplify the nonlinear damage evolution equation, making the 

evolution processes of damage variables defined by various 

macroscopic physical quantities consistent and can be easily 

applied to engineering projects. During analysis, the damage 

variable can be defined as micro datum (such as micro cracks 

or voids) or as macro datum (such as stress or strain). Although 

the damage variables defined by macroscopic physical 

quantities are local, they can reflect the relationship between 

damage threshold and loading level under various definitions 

and directly show the evolution law of fatigue damage. So in 

actual engineering application cases, defining normalized 

damage variables can simplify the damage evolution equation 

and make the variables defined by different macroscopic 

physical quantities have similar evolution processes, thereby 

facilitating comparison and analysis. At the same time, the 

normalized damage variable can transform damage 

phenomenon of different scales into a uniform dimension, 

which is convenient for the study of damage mechanism and 

engineering applications. Assuming: Fv(δMA) represents the 

critical damage value under definitions of various physical 

quantities, Fv(δMA) represents the macroscopic damage 

variable, then the generalized damage variable FB can be 

expressed as: 
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Assuming: m(.)=m(n,l,Fv(AMA),AMA) represents a scalar 

function, so dimensionless maximum loading stress ratio 

AMA=δMA/δa was adopted. L(.)=L(R,s,n,j,l,Fv(δMA),δMA). After 

introducing FB, Formula 21 can be simplified: 
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When F=Fv, there must be F→∞. 

Formally speaking, the variable in Formula 28 is separable, 

but in fact, FB and δ are not independent, so the explicit 

expression of σF/σB cannot be derived from the above formula, 

and the formula needs to be simplified further. The integral 

result of above formula contains the exponential term of 

loading stress amplitude Δδ=δMA-δMI and the exponential term 

of 1-FB. σFB/σB is a scalar, so the result of above formula can 

be expressed by a dimensionless variable function. Similarly, 

transform δ and L(.) into dimensionless form, then the integral 

result contains the ratio of range-variate strain, and the 

exponential term is 3 dimensionless variables AMA=δMA/δ, 

AMI=δMI/δ, and Fv(AMA). b(AMA,AMI,Fv(AMA)) was introduced 

into the exponential term of (1-FB) to represent the correlation 

between AMA, AMI, and Fv(AMA). To figure out the impact of 

average stress ratio Al=AMA-AMI/2 on the fatigue life of steel 

structure, a scalar function Lb(Al,Fv(AMA)) related to the 

material composition of steel structure was introduced. 

Assuming: AXY represents the equivalent stress, L(Al,Fv) and 

b(AMA,AMI,Fv) are related to temperature and material of the 

steel structure, based on above analysis, Formula 28 can be 

simplified to the explicit expression shown below: 
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Assuming: BXH represents the number of cycles in the 

beginning of the damage of fabricated steel structure under fire, 

Bd represents the number of cycles when the structure starts to 

crack, by integrating above formula and letting F=0 when 

B=BXH and F=1 when B=Bd, we can get: 
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By combining above two formulas, the final fatigue damage 

evolution equation of fabricated steel structures under fire can 

be attained as: 
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where, Bd, BXH, and b(AMA,AMI,Fv) are determined by the 

experiment. 

4. EXPERIMENTAL RESULTS AND ANALYSIS

Table 1 shows the temperature of different sections of the 

steel structure during stable stage under fixed scenarios. Based 

on the data in above table, the temperature values of different 

sections of the steel structure during stable stage in fixed 

scenarios could be analyzed. 

Table 1. Temperature of different sections of steel structure during the stable stage in fixed scenarios 

2m 
Stabilized temperature of the second temperature 

rise/℃ 

The final stabilized 

temperature/℃ 
8m 

The final stabilized 

temperature/℃ 

1 559 500 1 530 

2 499 430 2 260 

3 359 330 3 282 

4 1045 1200 4 931 

5 498 432 5 446 

6 364 352 6 323 

7 503 431 7 495 

8 452 387 8 295 

9 352 333 9 270 

Table 2. Damage values of measuring points of steel structure at different temperatures 

Temperature/℃ 20 100 200 300 400 500 600 700 800 

Deformation 0.0324 0.0345 0.0366 0.0432 0.0556 0.08 0.0856 1.8531 23.504 

Damage 0 1.32E-06 0.0002 0.0005 0.0009 0.0016 0.0021 0.0759 1 

First, it is noted that, at each measuring point, the final 

stabilized temperature values are generally lower than the 

stabilized temperature values of the second temperature rise, 

indicating that as the fire develops, the heat will gradually 

spread to the surroundings, lowering local temperature of the 

steel structure, and this phenomenon may be related to the 

gradual weakening of fire source or the depletion of 

combustion materials. Second, at 2m and 8m heights, the 

trends of the final stabilized temperature are not the same. 

According to the data, with the increase of the serial number 

of measuring points, at 2m height, the final stabilized 

temperature fluctuates, at 8m height, the final stabilized 

temperature shows an obvious decline trend, indicating that 

during the fire, in high temperature areas, the temperature 

curve changes slower, this might because the hot air rises 

during fire, and accumulates at the ceiling gradually.  

Above analysis suggests that, during fire, as the height 

increases, for the temperature of different sections of the steel 

structure during the stable stage, the curve curvature of 

measuring points at higher positions is gentler, this conclusion 

reflects the slow accumulation process of hot air at the roof, 

and this is helpful for understanding the influence of fire on 

the steel structure. 

Table 2 shows the damage values of steel structure 

measuring points at different temperatures. Based on the table 

data, the damage of these measuring points at different 

temperatures can be analyzed. Judging from the perspective of 

the trend of damage value, as the temperature rises, damage 

value shows a dramatic increase. During low temperature 

stage (20-300℃), the damage value is smaller, but when the 

temperature exceeds 400℃, the damage value grows rapidly, 

indicating a significant increase in the damage of the steel 

structure at high temperature conditions. Increment of damage 

value means that the strength and stiffness of the steel structure 

both decrease, which can result in an increase in the overall 

deformation of the node area, an increase in the deflection of 

mid-span, and changes in the thermal additional internal force. 

As the damage value increases, the overall deformation of the 

steel structure increases significantly. At high temperatures, 

the strength and stiffness of the steel structure decline, leading 
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to an obvious overall deformation in the node area. The 

increase of damage value also causes significant changes in 

the deflection of the mid-span of the steel structure. As the 

temperature rises, the stiffness of the steel structure decreases, 

which can increase the deflection of the mid-span, thereby 

affecting the stability and safety of the building. Moreover, the 

increase of damage value can complicate the trend of thermal 

additional internal force. At high temperatures, the strength 

and stiffness of the steel structure decrease, making the 

thermal additional internal force distribute unevenly, thus 

affecting the stability of the structure. 

1) 

2) 

Figure 5. Time-stress curves of key measuring points at the 

bottom plate of the steel structure 

Figure 5 shows the time-stress curves of key measuring 

points at the bottom plate of the steel structure. Based on these 

curves, the time-stress variations of key measuring points at 

the bottom plate of the steel structure can be analyzed. First, 

by observing the stress changes at measuring points H1 and Z1, 

we can see that their stress values increase fast in the early 

stage, and decrease slowly after reaching the peak. In contrast, 

at measuring points H2 and Z2, the stress values increase 

slowly in the early stage, and gradually tend to be stable after 

a certain period of time. In terms of yield strength, the yield 

strength of H1 and Z1decreases gradually with the passing of 

time, and the yield strength of H2 and Z2 remains stable 

basically. This indicates that although H1 and Z1were 

subjected to a greater stress, this might lead to local yield of 

the steel structure; H1 and Z1 were subjected to a smaller stress, 

in these areas, the safety of the steel structure is higher. The 

stress value of measuring point Z1-1 rises rapidly during the 

early stage and gradually decreases after reaching the peak, 

indicating possible yield in this area under stress; then over 

time, the yield strength of Z1-1 gradually decreases, which 

further verifies a low safety level of this area. The stress value 

of measuring point Z1-2 rises slowly during the early stage, 

then after a certain time, it gradually approaches stable. The 

stress at Z1-1 and Z1-2 rises fast in the early stage, and tends 

to be stable after reaching the peak. In these areas, the yield 

strength remained stable, indicating a higher safety level. To 

ensure a higher overall safety of the bottom plate of the steel 

structure, attentions should be paid to the stress variation at 

Z1-1 and its yield strength decline, corresponding measures 

could be taken for reinforcement or the design could be 

optimized. In the meantime, attentions on stress stability of 

Z1-2, Z2-1, and Z2-2 are also required to ensure the safety of 

the entire steel structure at different times. 

1) 

2) 

Figure 6. Time-stress curves of key measuring points at 

corners and edges of the steel structure 

Figure 6 shows the time-stress curves of key measuring 

points at corners and edges of the steel structure. By analyzing 

data in the two graphs we can know the stress variations at 

different times and the reaching of yield strength. 

Observations of stress changes at measuring points X1 and X2 

show that, stress at the two points rises rapidly in the early 

stage, and tends to be stable after reaching the peak. In contrast, 

the stress values of measuring points Y1 and Y2 exhibit 

different trends, stress at Y1 grows slowly in the early stage 

and tends to be stable after reaching the peak; while the stress 

at Y2 grows rapidly in the early stage and remains at a high 

level after reaching the peak. In terms of yield strength, it can 

be seen that the yield strength of Y1 decreases over time, while 

the yield strength of X1, X2 and Y2 remains stable basically, 

indicating that Y1 was subjected to a large stress, which might 

cause local yield of the steel structure; the stress at other 
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measuring points was smaller, indicating a higher safety in 

these areas. In the meantime, the stress value of measuring 

point YD1 grows rapidly in early stage, and tends to be stable 

after reaching the peak, indicating that the yield phenomenon 

may appear in these areas under stress. As the time passes, the 

yield strength of YD1 decreases gradually, which further 

verifies a low safety level in these areas. The stress values of 

measuring points XS1 and XS2 vary slightly, indicating a 

higher safety level in these areas. The stress value of 

measuring point YD2 fluctuates greatly, but overall speaking, 

it shows an upward trend, and the yield strength in this area 

remains stable, also indicating a higher safety level. In order 

to ensure the overall safety of measuring points at corners and 

edges of the steel structure, attentions should be paid to stress 

variation at YD1 and the decline of yield strength, also, 

corresponding measures could be taken for reinforcement or 

the design could be optimized. In addition, attentions on the 

stress stability of XS1, XS2 and YD2 are required to ensure 

the safety of the entire steel structure at different times. 

1) 

2) 

3) 

Figure 7. Comparison of maximum displacement of steel 

structure measuring points in different fire scenarios 

Figure 7 compares the maximum displacement of steel 

structure measuring points in different fire scenarios. 

According to the figure, for most measuring points at different 

times, the stress doesn’t exceed the yield strength. In terms of 

X direction displacement, in Scenarios 2 and 4, the X direction 

displacement is larger, indicating in these fire scenarios, the 

steel structure may undergo a greater deformation in the X 

direction, so attentions need to be paid to fire prevention 

measures and structural design. In terms of Y direction 

displacement, in Scenarios 1 and 2, the Y direction 

displacement is larger, indicating in these fire scenarios, the 

deformation of the steel structure in Y direction is more 

obvious, corresponding fire prevention measures and 

structural design are required to ensure the safety of the 

building. In terms of Z direction displacement, in Scenario 1, 

displacement in Z direction is the largest, indicating significant 

deformation of the steel structure in this direction, and it might 

need stricter fire prevention measures and structural design to 

ensure the safety of the building; in Scenarios 2, 3, and 4, the 

displacement in Z direction is smaller, but attentions are still 

required for fire prevention measures and structural design. To 

sum up, in different fire scenarios, the stress and displacement 

at different measuring points of the steel structure vary in 

different directions. These factors need to be comprehensively 

considered during design and construction phases, and 

appropriate fire prevention measures and structural design 

should be adopted to ensure the safety of the building. In 

addition, during operation, changes in the stress and 

displacement at key measuring points should be closely 

monitored to ensure the long-term safety of the building. 

5. CONCLUSION

This paper researched the thermal response and damage 

features of fabricated steel structures under fire. At first, the 

thermal response of fabricated steel structures under fire was 

analyzed, the ultimate bearing capacity and the fire resistance 

was calculated and checked. Then, the evolution of fatigue 

damage of fabricated steel structures under fire was analyzed, 

and the fatigue damage evolution method and its flow were 

given. Combining with actual cases, the thermal response and 

damage features of fabricated steel structures under fire were 

examined experimentally, and the results verified the validity 

of the proposed analysis method. In the experimental part, the 

temperature values of different sections of the steel structure 

under fixed scenarios were given; the damage values of steel 

structure measuring points at different temperatures were 

given and analyzed; the time-stress curves of key measuring 

points at bottom plate, corners, and edges of the steel structure 

were plotted and analyzed; and the maximum displacement of 

steel structure measuring points in different fire scenarios was 

compared. At last, this paper proposed a few countermeasures 

for the discovered matters, including comprehensively 

considering factors during design and construction, taking 

appropriate fire prevention measures and structural design to 

ensure the safety of the building, and paying close attention to 

stress and displacement changes at key measuring points to 

ensure long-term safety of the building. 
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