Exam No. 1			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
[bookmark: _GoBack](VI) Writing has to be clear and legible. Engineering units must be specified. Show all your work. 


Problem No. 1										(15 points)
[image: ]
· The structural floor plan is shown above. 
· The magnitude of nominal dead loading is 70 psf. 
· The magnitude of live loading is 50 psf. 
· The live loading can be reduced using Equation 1, when KLL x AT ≥ 400 ft2
· KLL is equal to 2.0 for interior beams and edge beams
· 
Reduced live load,
Questions: 
(i) For the intermediate filler beam, identified as #1 above, develop a free body diagram with the design (factored) uniform distributed loading acting. Calculate the reactions. 

(ii) For the interior beam d-e, develop a free body diagram with the design (factored) loading acting on it. Calculate the reactions. 

(iii) For the column e, calculate the design axial load as the sum of the reactions from beams d-e, e-f, b-e, e-h


Problem No. 2									(15 points)

[image: ]
Calculate the wind loading distribution (in just lbs/ft or kips/ft, not in kips acting at story locations) acting on the top story only of frame d-e-f in the east-west direction. Include only the loading due to external pressure on the windward and leeward sides. Ignore the loading on the side walls and the effects of internal pressure. 

The following information is provided: 

· Design wind speed = V = 115 mph
· Exposure category = B
· Directionality factor, Kd = 0.85
· Topographic factor, Kzt = 1.0
· Velocity pressure = qz = 0.00256 Kz Kzt Kd V2   lb/ft2
· Kz is given as a function of the height above ground level on the next page
· Gust factor = G = 0.85
· The attached figures have additional information needed to calculate the wind loading distribution
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Problem No. 3										(20 points)

Calculate the factored design strength of the W16x40 tension member shown below. 
· Do not worry about the connection strength, or the gusset plate strength. 
· The member is made from A992 steel (Fy = 50 ksi, Fu = 65 ksi). 
· The member will be connected to the gusset using 3/4 in. diameter bolts. 
· For this problem, calculate the value of U using Case 2 in Table D3.1. 
· Block shear strength equations are given on page 16.1-129 of the manual, Equation J4-5.

[image: ]






Problem No. 5									(20 points)

Use the Tables in the AISC Manual to design a tension member, connection region, and gusset plate to resist 200 kips of factored tension loading. Follow the instructions provided below. 

· Select an A36 single angle member with equal legs. 
· Attach it to the connection region using only one of its legs
· Design a slip-critical connection with Group B (A490 bolts with Fu = 150.67 ksi). Select the number of bolts
· Layout the connection region to meet all edge distance and spacing requirements. 
· Check the tension member design for rupture strength only
· Design a rectangular gusset plate made from the same A36 steel
· Check the shear / bearing strength of the connection, only for the thinner of the gusset plate and the angle. 
· Do not check the block shear strength in the member or the gusset plate. 



Problem No. 4									(20 points)

Consider the slip-critical connection for the double angle member shown below. Calculate the design strength of the connection only considering all the connection limit states: (i) slip, (ii) bolt shear, (iii) bolt bearing. 

· Do not worry about the design strength of the member or the gusset plate individually. 
· The connection is made using Group A (A325 bolts with Fu = 120 ksi) bolts with diameter equal to 7/8 in. 
· The angle section was made for A36 steel and had leg thickness of 1/2 in. You do not need the remaining dimensions. 
· The gusset plate was also made from A36 steel with thickness was equal to 5/8 in. You do not need the remaining dimensions. 
· You can directly check for bearing for the weaker of the two (angle sections / gusset plate) 
· For A36 steel, Fy = 36 ksi, Fu = 58 ksi

[image: ]

Problem No. 6 										(10 points)

When using the direct analysis method for design:

(a) What are the second order effects that need to be accounted for? 



(b) How are geometric imperfections accounted for in this method? 




(c) What percent of the story gravity load is used to define the national load, and what out-of-plumbness does it represent?




(d) What is the adjustment to the stiffness of members contributing to the stability of the structure? 
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