Cive 200
Introduction to civil engineering

Section 1

Steel project report

Introduction:

Steel bars, especially the strength of steel, are essential for reinforced concrete. The steel bars in concrete will help carry tensile load in order to avoid brutal failures for buildings or other structures… Thus it is necessary to always test the strength of these steel bars, i.e. to do the steel testing experiment. The purpose of this experiment, done in the lab session, was to determine the yield strength and the ultimate strength of four steel bars, each with a different diameter. Yield strength is related to the ability of the steel bar to deform under tensile stress before it breaks, depending on the ductility of the bar. Whereas, the ultimate strength represents the maximum stress the bar can support before failure (breaking).
Materials and Methods:

Special machines are required for steel testing, such as the Tinius Olsen engineering testing machine. In this experiment, a similar machine firmly holds a steel bar, with a diameter of 1.2 cm, from both sides. Then, it starts applying a tensile load on the steel bar. And with the bar becoming more and more resistant to the tension applied, the stress exerted increases. This is recorded on a computer via an extensometer, fixed on the bar, and represented by the graph of stress versus strain. At some point, before failure, the bar deforms due its ductility and the stress is shown to remain constant. This is the yield strength. Eventually, the bar breaks with ultimate load. That’s the ultimate strength. We can notice that prior to that point, the extensometer is removed to prevent damaging it, since the failure of the bar happens suddenly after the ultimate strength point. This experiment is repeated with three different steel bars, each with a diameter of 1.4 cm, 1.6 cm and 2.0 cm respectively.
Results and Discussion:

The graph of the stress applied on the bar with respect to the strain of the bar is similar to the one below. Meaning that for each bar with different diameter corresponds a different curve, but all curves have the same aspect.
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The yield point (yield strength) and the ultimate strength (the maximum on the curve) are clearly seen. The rupture corresponding to the engineering stress and strain is sketched in this manner, for safety reasons because after the ultimate strength, the breaking of the steel is sudden.
Tests Results of Steel Bars tested in LAB Session
	Bar Diameter (cm)
	Yield Stress (kg/cm2)
	Ultimate Stress (kg/cm2)
	Total Elongation (%)

	1.2
	6010
	7100
	12.5

	1.4
	5880
	7180
	17

	1.6
	6350
	7490
	13

	2
	6460
	7610
	15




This table includes the yield strength, the ultimate strength, and the total elongation of each steel bar tested in this experiment. Because one steel bar differs from another in terms of a material alloy and density, the yield stress is not directly related to the bar diameter. Meaning, for a diameter of 1.4 cm, the yield strength is less than the one corresponding to the bar with a diameter of 1.2 cm. The same fact applies for the elongation of the bar: the elongation is not directly proportional to the bar diameter. However, there is a direct relation between the bar diameter and the ultimate stress: when the bar diameter increases the ultimate stress also increases. So the greatest ultimate stress for these bars is the one corresponding to the steel bar with a diameter of 2.0 cm.

The following graph shows the connection between the bar diameter and the ultimate strength. These two factors vary together but they are not directly proportional.
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Conclusion:

This project has highlighted the importance of steel bars for reinforced concrete. Why? Because a concrete structure without steel reinforcement will not be able to stand any load and will fail. Thus, the strength of the steel is needed to resist the stress in order to reduce the prospect of sudden failure of structures. In fact, before the bar breaks, the ductility of the steel allows the bar to deform and elongate. This is the yield stress. And after the ultimate stress, the bar will eventually break so will the concrete structures. Hence, failure of concrete can be anticipated and security can be insured, because of the role the steel plays. And in this experiment, four different steel bars were tested and their corresponding yield strength and ultimate strength were measured. The resultant graphs of stress versus strain along with the results show that there is a direct relation between the bar diameter and the ultimate strength. So a more massive structure requires greater diameter of steel bars in reinforced concrete. 

BONUS:

1)

Graph of stress-strain for the bar of 1.2cm diameter
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Yes, it is better for steel to yield and to be ductile in order to avoid sudden failure. 

2) 3)Table of the yield and ultimate loads P for every bar: P=Stress x Area
       Table of the change in Length  for every bar: Change in length= (%elongation/100) x L

	Bar Diameter (cm)
	Yield Stress (kg/cm^2)
	Ultimate Stress (kg/cm^2)
	Yield Load P (kg)
	Ultimate Load P (kg)
	Bar 

Size

(cm)
	Total Elongation

(%)
	Change in length (cm)

	1.2
	6010
	7100
	6797.15
	8029.91
	20
	12.5
	2.5

	1.4
	5880
	7180
	9051.56
	11052.75
	20
	17
	3.4

	1.6
	6350
	7490
	12767.43
	15059.54
	20
	13
	2.6

	2.0
	6460
	7610
	20294.69
	23907.52
	20
	15
	3.0


4) The slope of the linear part of the curve is y/x meaning stress/strain. And E is stress/strain equal to 2x10^6 kg/cm^2. Thus the slope of the linear part is the same as E.

