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Abstract 

In the construction of buildings, numerous steel components, including 

hot-rolled and cold-formed hollow sections (Q235), Q345 steel (Q345 or 

Q420), and other components, are utilized. Steel buildings are subjected 

to higher temperatures in the event of a fire. "Compare the mechanical 

properties of cold-formed Q235 steels with various degrees of cold 

working to those of hot-rolled Q235, Q345, and Q420 steels to determine 

whether the building can be saved, repaired, or repurposed quickly after 

the fire." After the samples had reached a variety of temperatures, air and 

water were used as cooling agents. Tensile coupons tests were used to 

measure stress and strain in post-fire materials. There are elastic moduli, 

yield strengths, and ultimate strengths. The processes of heating and 

cooling were also examined. Steel's mechanical properties change 

significantly at temperatures above 700 degrees Celsius, according to 

studies. Cyclic heating and cooling had no effect at all, but various 

cooling methods had a significant impact. Due to improved prediction 

models that take these parameters into account, it is now possible to 

conduct research on the impact of various cooling procedures on the post-

fire mechanical features of studied hot-rolled and cold-formed steels. 

 

 

1. INTRODUCTION 

As load-bearing components, these hot-rolled steel sections are frequently utilized in building 

construction. In China's residential and industrial projects, steel beams, columns, and joints are 

frequently constructed of Q235 or Q345 steel, while skyscrapers constructed of Q420 steel are 

frequently utilized. Due to their low cost and straightforward manufacturing process, Q235 cold-

formed hollow sections in various shapes (squares, rectangles, or circles) are frequently utilized in 

construction projects involving large spans and high-rise buildings. Steel structures are unavoidably 

subjected to temperatures that would be unimaginable for any other material in the event of a fire. 

Steel structures, in contrast to buildings made of reinforced concrete, have poor fire resistance, 
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meaning that when heated, they lose performance quickly. As a result, steel structure fire design is 

crucial. Numerous studies have been conducted to gain a deeper comprehension of the various 

steels' high-temperature performance. 

Steel's strength and stiffness decreased dramatically as temperature rose, according to grades and 

types [1–9]. In accordance with this finding, design guides like the British Standard (BS) 5950-8 

[10] and the European Committee 3 (“EC3”) offered recommendations. Despite this, building 

structures are frequently constructed with safety in mind and feature high levels of redundancy 

(large-span steel structures, for instance, exhibit high levels of statically indeterminacy). Despite the 

dramatic decrease in steel's fire resistance, whole buildings may not collapse due to internal force 

redistribution. A building's remaining performance in preventing structural collapse must be 

thoroughly evaluated before it is destroyed, rebuilt, or repurposed following a fire. The performance 

of steel constructions after a fire is heavily influenced by their mechanical properties. 

The post-fire mechanical characteristics of steels are currently the subject of research in China, 

Australia, Europe, and the United States. However, the study is still in its infancy. Experiments 

conducted by researchers Outline and MacLaine [12] investigated the mechanical properties of 

S355 cold-formed steels. Others, including Qiang, the lightweight aggregate (LWA) has a porous 

structure, making it weaker and more susceptible to deformation than natural aggregate. If LWA is 

used as the aggregate in its entirety, the mechanical properties of concrete will decrease 

significantly in all aspects. In a typical hybrid aggregate system, natural crushed stone and synthetic 

aggregate are frequently utilized together. According to previous research [10–11], the strength and 

content of LWA have a significant impact on the mechanical properties of concrete. Since low-

strength LWA is widely acknowledged to be the material's weakest component, adding it to 

lightweight aggregate concrete (LWAC) weakens its mechanical properties [13]. Numerous studies 

have demonstrated that when the LWA strength exceeds that of the mortar matrix, concrete's 

mechanical properties do not suffer significantly 

 

 

Fig.1 Shapes ofthehot-rolledQ235,Q345,andQ420steelspecimens. 
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2. LITERATURE REVIEW 

Steel samples were subjected to testing after being warmed up to high temperatures, which can 

cause fractures. Their discovery of the problem's underlying cause is depicted in Figure 5. From 

specimens that had not been heated to high temperatures, comparative data were gathered. Cold-

formed steels CFS-F and CFS-S, as well as hot-rolled steels Q235, Q345, and Q420, all 

demonstrated ductile failure with necking, regardless of the exposure temperature or cooling 

method used. The ductility clearly improved with increasing exposure temperature, just like it did 

with CFS-F and S. This study's findings indicate that hot rolled and cold rolled steel may resist 

brittle failure following fire exposure, which is beneficial for the steels' reuse following fires. 

 

The stress–strain correlations that were discovered in this experiment following a fire are depicted 

in Figure 6 (each plotted curve is one of three curves derived from the group of specimens). These 

curves were used to examine the mechanical properties of these oxidized steels. Yields were the 

same at ambient temperature and after cooling from high temperatures, regardless of the type of fire 

or cooling method. The stress–strain curves of Q235, Q345, and Q420 hot-rolled steel remained 

constant at 700°C. "Because the steels had been exposed to such high temperatures, cooling 

procedures had a significant impact on the steels' residual yield strength." Water-cooled steel 

specimens were able to recover a greater portion of their initial yield strength than air-cooled 

specimens. It is due to the cooling-like quenching action of water cooling. There is some evidence 

to suggest that steels that have been quenched using fire cannons at temperatures greater than 700 

degrees Celsius retain a greater proportion of their yield strengths. The end result was a slight 

decrease in the ultimate strength of cold-formed steel. In contrast to hot-rolled steel, which begins 

to lose its ultimate strength at temperatures over 300°C much earlier than with CFS-F and CFS-, 

these steels can withstand temperatures as high as 800°C without losing any C 

 

Fig.2 Samplingpositionsanddimensionsofthecold-formedQ235steelspecimens. 
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3. PROPOSED SYSTEM 

 

Breaking down the entire process into smaller events or completion points allows for a better 

understanding of the real issue. This is an additional lean management concept. Using discrete 

event simulation (DES), it is one of the most common methods for representing systems and 

projects in a chronological order of events. Water channel/pipeline mapping is one example of a 

work that is approached as an event with particular variables and parameters that has a beginning, 

middle, and end. Using a stroboscope to model the process is a good way to show how the system 

moves resources, information, and feedback for making decisions. It is difficult to monitor the 

quality of each individual work because of large-scale initiatives. The current lack of project 

management tools is the reason why it is necessary to pay close attention to each system event and 

develop a level layout plan for each one in order to maintain a high level of quality [29]. 29] New, 

more effective equipment will be required to meet the increased demands of the construction 

industry. The Percent Expected Time-overrun (PET) and Percent Plan Completed (PPC) tools were 

used to estimate time overruns and work done in relation to time used, respectively. Project 

managers can gain a better understanding of the current situation and the amount of additional time 

required for the subsequent set of activities by quantifying PET and PPC. Lean tools may speed up 

projects and eliminate delays, according to a number of studies [32,33]. Similar investigations have 

utilized the Process Improvement Cycle (PIC) and Visual Management (VM). Visual 

representations like flowcharts and graphics can be used to support the lean process. For 2D and 3D 

variable issues, numerical representations are preferred, but a scatterplot is preferred. Additionally, 

the stroboscopic system is a kind of visualization tool that uses a graphical process flow diagram to 

show the operation and data flow of the entire system. By defining goals and performance matrices 

for each step, the PDCA approach aims to continuously improve the process with improved 

performance matrices after each run. This is how the PIC tool came to be. It was also pointed out 

that Issa's risk-time model included estimates of the likelihood of hazards and their effect on the 

time index. Due to their lack of expertise, inexperienced contractors may cause briefing delays and 

redos, and design flaws may also cause a delay. All of these are examples of dangers. The projected 

time for each risk is then plotted against the project schedule to determine how long it will take to 

finish the project if any of these things happen. Using these technologies, project managers will be 

able to accurately anticipate delays and accurately estimate project resources and time in the future. 

Projects are unique and more challenging than other types of projects. In the wake of such an 

incident, the building and restoration process must be replanned [39]. When a road is damaged or 

destroyed, authorities must not only rebuild it but also move people into shelters, provide 
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emergency assistance, safeguard government and public assets, and create plans to withstand future 

disasters. Without a clearly defined strategy and oversight, it is evident that all of these operations 

would be practically impossible to manage successfully. 

 

This integrated approach to natural disaster risk management has resulted in numerous studies on 

post-disaster reconstruction. The integrated framework developed by Mojtahedi and Oo 

demonstrates that increased communication and collaboration with the government, communities, 

nongovernmental organizations (NGOs), and other relevant sectors is required for disaster 

reconstruction to be as effective as possible in light of the limited time and resources available. It is 

simpler for various contractors and subcontractors to share information when "Simplean," a popular 

lean tool, is utilized. Simple emailing and taking notes should be avoided in favor of using 

Simplean, which automatically organizes tasks according to their urgency and displays outstanding 

tasks and the person responsible. This arrangement makes it easier for multiple parties to exchange 

data and information. 

 

 

Fig.3 Proposed Methodology 
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4.CONCLUSION 

It was determined that Q235 preparations cut from square empty segments have excellent post-fire 

mechanical properties for the level and corner portions. The steel was cooled to 1000 °C (or 800-

800 °C for cold-shaped steel) by splashing water or air on it. After ductile samples were subjected 

to pressure coin testing, mechanical data, such as stress-strain bends and flexible moduli, were 

examined. Cooling strategies had a significant impact on residual strength and ductility. When it 

came to yield, ultimate strength, and ductility, there were no significant differences between hot-

rolled water-cooled steels and air-cooled steels. Cold-formed steels only produced gains in strength. 

As previously mentioned, the existing literature and current design guidelines offer no suitable 

recommendations for reusing the common steels analyzed in this study. As a result, new prediction 

equations that take into account the effects of various cooling processes make it possible to 

accurately predict elastic moduli after a fire. The tested steels had high ultimate and yield strengths. 

The post-fire performance and safety of re-use of steel structures can be accurately evaluated with 

the help of the predictive equations presented in this study. 
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