Structural Fire Engineering: Learning Module 1
Homework Problem - Solution
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Homework Problem - Solution


Given
Using the data collected by Lee et. al. (2020), graph each temperature stress-strain curve of the A992 steel tensile coupons for the data under MA (W30x99 Web-1. The test data can be accessed here: https://doi.org/10.17603/ds2-ewwg-7v76 

Find
1) [bookmark: _Hlk52699250]Determine the stress and strain associated with the proportional limit of the strain-strain curve(s). 
2) Calculate Young’s Modulus for each structural steel curve. How do the answers at elevated temperatures compare with the Young’s Modulus at ambient temperature?
3) Find the Yield Stress for each of the curves. How does this vary from the Yield Stress at ambient temperature?
4) Describe how the shape of the structural steel stress-strain curve changes with elevated temperatures. 
5) Why is it important to understand the effect that temperature has on structural steel material properties?
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	(Available for free download for AISC Educator and Student Members at aisc.org/Experimental-Investigation-of-Mechanical-Properties-of-ASTM-A992-Steel-at-Elevated-Temperatures)



Answer
Table 1 provides a summary of all answers. N– values may vary slightly between students.
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Figure 1. Plot of stress-strain data for 400oC (a) full data (b) zoomed in plot showing the proportional limit, and (c) zoomed in plot showing the yield stress and strain


Table 1. Summary of homework answers from test data
	Temperature
(oC)
	Proportional Stress
(ksi)
	Young’s Modulus
(ksi)
	Yield Stress
(ksi)
	Yield Strain (in/in)

	20
	66.5
	29,500
	61.9
	0.0239

	200
	58.9
	27,000
	60.6
	0.0204

	300
	42.3
	25,000
	62.8
	0.0201

	400
	30.2
	24,700
	57.5
	0.0201

	500
	18.9
	23,100
	48.7
	0.0201

	600
	16.1
	14,600
	30.3
	0.0221

	700
	8.9
	8,900
	13.3
	0.0220

	800
	2.5
	5,190
	5.9
	0.0216

	900
	2.6
	4,830
	4.7
	0.0209

	1000
	1.4
	5,320
	2.7
	0.0206



For the 400oC data


	Part 1: Looking at the data plotted, the linear portion of the stress-strain curve ends at about the stress of 30.2 ksi (see Figure 1b). The strain associated with that data point is 0.00122 in/in. therefore, this is the proportional limit (Part (1)). 
	

	(a)
	(b)





Part 2: The Young’s Modulus is therefore 24,700 ksi. Doing the same exercise for the ambient temperature data, the calculated Young’s Modulus for the ambient temperature data is 29,500 ksi. Therefore, the Young’s Modulus for the 400oC data is 84% of that at ambient temperature.

Part 3: The Yield Stress for the 400oC data is determined by drawing a line with the slope of the Young’s modulus calculated in Part (2). The line should start at 2% strain (0.02 in/in) and where the line crosses the stress-strain data is the Yield Stress and Yield Strain. 

Figure 1c shows this process for the 400oC data. These values correspond to 57.5 ksi for the Yield Stress and 0.0201 in/in for the Yield Strain. When the same methodology is applied to the ambient temperature data, the values of the Yield Stress and Yield Strain are 66.5 ksi and 0.0239 in/in, respectively. Therefore, at 400oC, the Yield Stress is 86% of the ambient value. 


Part 4: The shape of the stress-strain curve changes with elevated temperatures. 
· The plateau becomes more curved as temperature increases
· The maximum value of the post-elastic portion of the curve decreases with value
· As temperature increases, the elastic portion of the stress-strain curve becomes more curvi-linear 
· The slope of the elastic portion of the stress-strain curve decreases with increasing temperature.

Part 5: It is important to understand the behavior of structural steel at elevated temperatures because:
· Not all of the material properties degrade the same with increasing temperature
· The degradation of the material properties with increasing temperatures is not linear
· Steel structures should be designed to retain load-carrying capacity throughout a fire by accounting for the elevated temperatures that the steel members will experience.
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