Exam No. 2			CE470: Steel Design 			Spring 2017

Instructions: 
(I) You can use a calculator 
(II) You can use the AISC Design Manual
(III) No other educational materials or electronic devices are permitted
(IV) You can only submit your own authentic work. No copying / cheating permitted
(V) Engineering pad paper preferred
(VI) Writing has to be clear and legible. Engineering units must be specified. Show all your work. 

Problem No. 1										(20 points)
(a) What is the transition point from elastic to inelastic column buckling in terms of both column slenderness and critical buckling stress? 




(b) What are the three buckling modes for doubly symmetric, singly symmetric and non-symmetric column sections? 




(c) What is the recommended maximum slenderness (in terms of member slendernss) for a single angle in a double angle built-up column section?




(d) What is the equation for the value of Cb for beams as given in the AISC Specification? Without calculations, what is the value of Cb for a simply supported beam subjected to uniformly distributed loading and brace points at ends and midspan. 




(e) What is the effective throat of a fillet weld of size equal to ‘a’ and why? 




(f) What is the beam-column interaction equation for steel members given in the AISC Specification Chapter H? Ignore bending about the minor axis, and sketch a figure showing the form of the interaction curve with the two equations discussed? 




(g) What is the simple form of the “elastic” lateral torsional buckling moment (mentioned in class, and in a user note in the Spec. Ch. F)? What is the maximum value of moment that this equation is valid up to, and why? 






Problem No. 2									(20 points)

Consider the simply supported beam shown below. It is subjected to nominal loading (unfactored) as follows:  uniformly distributed dead load = 50 lb/ in., and uniformly distributed live load = 60 lb/in. The length of the beam is 40 ft. Assume that the beam will be braced along the length with unbraced length (Lb) less than or equal to the plastic length (Lp) of the section. Ignore the self-weight of the beam. 
[image: ]

(i) Calculated the factored loading and maximum moment in the beam (you can use Table 3-23)

(ii) Select an appropriate and efficient W18 rolled section for the beam using design Tables. Note the design moment capacity and plastic length of the selected section. 

(iii) Calculate the midspan deflection due to nominal (unfactored) loading (you can use Table 3-23) 

(iv) The specified deflection limit is length divided by 180. Is the section adequate? If not, select another appropriate and efficient W18 rolled section for the beam using design tables. Note the design moment capacity, plastic length, and moment of inertia of the selected section. 

(v) What is the shear strength of the selected section? Is it adequate with respect to the factored shear demand? 

(vi) Based on your design, what will you specify as the distance between LTB bracing along the length of the beam? 





Problem No. 3										(20 points)
[bookmark: _GoBack]Consider the simply supported beam shown below. It is subjected to factored loading as follows:  uniformly distributed load = 1k/ft, and concentrated loads = 20k. The length of the beam is 40 ft. Assume that the beam will be braced at the supports and at the concentrated load locations. Ignore the self-weight of the beam. 

(i) Design the beam using an appropriate and efficient W21 section. You can use design tables for this problem. Show all your work and steps, and provide the final design strength of the selected member. 

(ii) Perform calculations to check whether the selected section is compact. There is no need to check deflections as no limit has been specified. 

[image: ]



Problem No. 4									(20 points)

A tension member consists of a double angle section 2L 4 x 4 x 1/2. This member was designed to resist a factored tension load of 200 kips. Design the fillet weld connection between this double angle member and a 3/4 in. thick gusset plate. Both the double angle and the gusset plate are made from A36 steel. E70xx electrode will be used for the weld metal. 

Consider the limit states of weld fracture, base metal yielding, and base metal fracture. Use only longitudinal welds. 

Check only the tension member strength for the limit states of yielding and fracture. Dont check for block shear failure in the member or the gusset plate. 

[image: ]


Problem No. 5									(20 points)

Design a 15ft. long column to carry a factored axial load (compression) of 1000 kips. You can use the tables to select an appropriate and efficient wide-flange (I-shaped) section. Comment on whether your selected section is slender or non-slender (for local buckling). 

Check the value given in the Table using equations given in the Specification and hand calculations. Please note that most of the section properties you need are given at the bottom of the design tables. 

Is it even possible to select a double angle section for this column design? If not, what is the maximum capacity of the largest double angle section (at length = 15 ft), and how many connectors along the length are needed to achieve that strength. Do not perform any calculations, just use the tables to answer this part. 
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