PRACTICE SESSION FOR CE 470
Prof. A. H. Varma


Hints:

· Attempt both problems

· Try to follow the recommended times

Prob. No. 1.










     (50)  

Recommended Time = 25 minutes

The nominal loads acting on a truss structure are shown below:


Dead Load



Live Load



Wind Load

Determine the design forces for the members for the following load combinations:

1) 1.2 D + 1.6 L

2) 1.2 D + 0.5 L + 1.3 W

Which load combination governs the design of the members?

Problem # 1

First Load Combination:

· Load estimation

(5)

· Free-body diagram of Joint B

(5)


· Equations of Equilibrium

(5)

FX = 0



[image: image1.wmf]\

-0.707FAB - FBC = 0 


[image: image2.wmf]\

 FBC = -0.707FAB
 (5)

FY = 0



[image: image3.wmf]\

 0.707FAB - 184 = 0 


[image: image4.wmf]\

 FAB = 184/0.707 = 260.25 kips


[image: image5.wmf]\

 FAB = 184/0.707 = 260.25 kips (Tension)

(2)


[image: image6.wmf]Q

 FBC = -0.707FAB 

     FBC = -184 kips (Compression)

(2)

· From Load Combination 1, the design forces for member AB and BC are 260.25 (tension) and 184 kips (compression), respectively.

Second Load Combination:

· Load estimation
(5)

· Free-body diagram for Joint B

(5)


· Equations of Equilibrium

(5)

FX = 0



[image: image7.wmf]\

-0.707FAB - FBC + 22.98 = 0 


[image: image8.wmf]\

 FBC = -0.707FAB + 22.98

(5)

FY = 0



[image: image9.wmf]\

 0.707FAB + 22.98 - 74 = 0 


[image: image10.wmf]\

 FAB = 51.02/0.707 = 72.16 kips (Tension)

(2)


[image: image11.wmf]Q

 FBC = -0.707FAB + 22.98

     FBC = -28.04 kips (Compression)

(2)

· From Load Combination 2, the design forces for member AB and BC are 72.16 (tension) and 28.04 kips (compression), respectively.

(2)

· Load Combination 1 governs the design of both members.

Prob. No. 2.
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Recommended Time = 25 minutes

A tension member has to be designed to carry a factored design load of 260 kips.  The engineer selected a wide-flange section W10 x 26 made from steel with yield stress (F​y) equal to 50 ksi and ultimate stress (Fu) equal to 65 ksi.  The engineer also designed the end-connection with 12 7/8 in. diameter bolts through the web of the wide-flange section as shown in the Figure below.  He calculated the reduction coefficient (U = 1-
[image: image12.wmf]x

/L) for the connection as 0.85.  After that he left for the day. As the junior engineer, you have to determine the design strength of the member according to the limit states of gross yielding, net-section fracture, and block shear fracture.  

Which limit state governs? Is the member adequate? 


Problem No. 2.

· Design force = Tu = 260 kips

· W 10 x 26

Ag 
= 7.61 in2
d 
= 10.33 in.

tw 
= 0.26 in.

bf 
= 5.77

tf 
= 0.44

· bolt diameter = db = 7/8 in.

· Gross yielding limit state:

(10)

tTn = 0.9 
[image: image13.wmf]´

 Fy​ 
[image: image14.wmf]´

 Ag = 342.45 kips

· Net section fracture limit state:

(5)

· Net Area (An)

An = Ag - 3 
[image: image15.wmf]´

 (db + 1/8) 
[image: image16.wmf]´

 tw = 7.61 - 3 
[image: image17.wmf]´

 (7/8+1/8) 
[image: image18.wmf]´

 0.26 = 6.83 in2
(3)

· Effective Net Area (Ae)

Ae = UAn = 0.85 
[image: image19.wmf]´

 6.83 = 5.8 in2
(10)

· Net-section fracture

tTn = 0.75 
[image: image20.wmf]´

 Fu 
[image: image21.wmf]´

 Ae = 0.75 
[image: image22.wmf]´

 65 
[image: image23.wmf]´

 5.8 = 282.75 kips

· Block shear fracture

(10)

· Ant = (6 - 2 (db + 1/8)) 
[image: image24.wmf]´

 0.26 = 1.04 in2
· Agt = 6 
[image: image25.wmf]´

 0.26 = 1.56 in2
· Anv = (14 - 3.5 (db+7/8)) 
[image: image26.wmf]´

 0.26 
[image: image27.wmf]´

 2 = 5.46 in2
· Agv = 14 
[image: image28.wmf]´

 0.26 
[image: image29.wmf]´

 2 = 7.28 in2
· FuAnt = 65 
[image: image30.wmf]´

 1.04 = 67.6 kips

· 0.6FuAnv = 0.6 
[image: image31.wmf]´

 65 
[image: image32.wmf]´

 5.46 = 212.94 kips

· 0.6FuAnv > FuAnt
· (10)

· tTn = 0.75 
[image: image33.wmf]´

 {0.6FuAnv + FyAgt} = 0.75 
[image: image34.wmf]´

 {212.94 + 50 
[image: image35.wmf]´

 1.56} = 218.2 kips

(1)

· tTn = 218.2 kips - block shear limit state governs

(1)

· tTn < Tu, i.e., Resistance < Load.  Therefore, the member is inadequate. 

Prob. No. 3.










     (50)  

Recommended Time = 25 minutes

Design a tension member to carry a factored load of 100 kips. The tension member should be a double angle section with long legs back to back, and made from steel with 50 ksi yield stress (Fy) and 65 ksi ultimate stress (Fu). Assume that the tension member will have bolted connections at the ends as shown in the Figure below. State all your assumptions clearly in the solution.



Problem No. 3

· Assume gross yielding limit state controls. 
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(5)

· Assume fracture limit state controls
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(5)

· Ae = U An
Assume U = 0.85 because three bolts in line of force
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(5)

· There are two bolt holes at net section
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(5)

· Select two angles 3.5 x 2.5 x 0.25 made from 50 ksi material with long legs back to back

Ag = 2.88 in2
An = 2.4425 in2
Assume gusset plate thickness = 3/8 in.

(5)

· Limit state of gross yielding

tTn = 0.9 x 50 x 2.88 = 129.6 kips

(7.5)

· Limit state of tension fracture

tTn = 0.75 x 65 x 0.85 x (2.88 - 2 x 7/8 x 1/4) = 101.2 kips

(12.5)

· Limit state of block shear

tTn = 0.75 {0.6Fu Anv + FyAgt}

tTn = 0.75 {0.6x 65 x (10.5 - 3.5 x 7/8) x 1/4 + 1.5 x 1/4 x 50} x 2

tTn = 136.9 kips

(5.0)

· Slenderness limit

L/ryy  = 15 x 12 /1.09 = 165 < 300

L/rz = 15 x 12 /0.544 = 330.88 > 300

Therefore, specify a filler plate at mid-length

ryy = radius of gyration of double angle section about y axis with 3/8 in. gusset plate distance

rz = minimum radius of gyration of single angle section.

Prob. No. 4.
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Recommended Time = 25 minutes

A tension member and connection system have to be designed to carry a factored load of 250 kips. A W8 x28 section made from 50 ksi steel is selected for the tension member. As shown in the Figure below, the end connections will be made through the flanges using two 8 in. x 0.5 in thick gusset plates made from 50 ksi steel. 

· Assuming a bolt diameter of 7/8 in., determine the number and spacing of A325 bolts required to design the connection. 

· Determine the design strength (resistance) of the tension member and connection system assuming that block shear failures are not possible, i.e., there is no need to calculate the block shear strengths. 

· State all the assumptions and the design details of the connections clearly. 

[image: image40.emf]8 in.

8 in.

t = 0.5 in. 

W8 x 28 

8 in.

8 in.

t = 0.5 in. 

W8 x 28 

[image: image41.emf]
Problem No. 4

· Pu = 250 kips

db = bolt diameter = 7/8 in.

(7.5)

Shear strength of one 7/8 in. diameter A325 bolt with threads included in shear plane 

= 21.6 kips = Rn
(7.5)

Number of bolts required for the design = 250 / 21.6 = 11.57

Choose twelve 7/8 in. diameter A325 (N) bolts for the connection.

(5)

Shear strength of the connection = 12 x 21.6 = 259.2 kips.

(3)

· Le > 1.125 in. 



- See Table J3.4

Le > 1.5 db = 1.3125 in.


- See Table 8-13

s > 3.0 db = 2.625 in.


- See Table 8-13

(2)

Assume Le = 1.5 in. and s = 3.0 in.

(5)

Bearing strength of one 7/8 in. diameter bolt with Le > 1.5 db and s > 3 db 

= 102 kips / in. thickness

(5)

Bearing strength of connection with respect to flanges of W8 x 28 

= 102 x 0.465 x 12 = 569.16 kips

(5)

Bearing strength of connection with respect to gusset plates

= 102 x 0.5 x 6 x 2 = 612 kips
(6)

· Member yielding and fracture limit states

tTn = 0.9 x 50 x 8.25 = 371.25 kips




- yielding

An =  Ag -  4 (db + 1/8) x tf = 8.25 - 4 x (1) x 0.465 = 6.39 in2
bf/d = 6.535/8.06 > 2/3. Therefore, U = 0.9

Ae = 0.9 x 6.39 = 5.751 in2
tTn = 0.75 x 65 x 5.751 = 280.36 kips




- fracture

(4)

· Gusset plate yielding and fracture limit states

tTn = 0.9 x 50 x 8 x 0.5 x 2 = 360 kips




- yielding

An = 8 x 0.5 - 2 x (1) x 0.5 = 3 in2 < 0.85 Ag


tTn = 3.0 x 65 x 0.75 x 2 = 292.5 kips




- fracture

· Design Strength = 259.2 kips > 250 kips. Bolt shear strength controls.

Edge distance  = 1.5 in., Spacing = 3.0 in.

PROBLEM # 4
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Recommended Time = 25 minutes

Design the fillet-weld connection for a single angle, 5 x 3 x 1/2 in., tension member connected to a 3/8 in. thick gusset plate as shown in Figure 1. The single angle member and the gusset plate are made from 50 ksi yield stress steel. The factored design load for the tension member and connection system is 150 kips. 

· State any assumptions and the design details carefully.

· The fillet-weld connection must not be eccentric with respect to the member, i.e., the center-of-gravity (c.g.) of the fillet weld must coincide with the c.g. of the member. The desired fillet-weld layout is shown in Figure 1.  Use E70XX electrode for the fillet weld.

· After designing the connection, determine the (shear) strength of the fillet weld and the tension fracture strength of the member.

[image: image42.emf]L 5 x 3 x1/2 

150 kips

Gusset thickness = 3/8 in.

L 5 x 3 x1/2 

150 kips

Gusset thickness = 3/8 in.


Single angle tension member and fillet-weld connection system for Problem No. 4
=45o





PD = 20 kips





PL = 100 kips





PW = 25 kips





W10 x 26





2 in.





4 in.





4 in.





4 in.





3 in.





3 in.





Gusset plate





=45o





1.2PD+1.6PL = 184 kips





A





B





C





B





FAB





FBC





184 kips





0.707FAB





0.707FAB





45o





X





Y





45o





1.2PD+0.5PL = 74 kips





A





B





C





1.3PW = 32.5 kips





B





FAB





FBC





74 kips





0.707FAB





0.707FAB





45o





X





Y





32.5 kips





22.98 kips





22.98 kips





45o





3 in.





3 in.





4 in.





4 in.





4 in.





2 in.





gross yielding





net-section fracture





block shear fracture





3"





3"





3"





1.5"





1.5"





3"





3"





3"





1.5"





1.5"





15 ft.





W8 x 28 made from 50 ksi steel


Ag = 8.25 in2


bf =  flange width = 6.535 in.


tf =  flange thickness = 0.465 in.


d = depth = 8.06 in.
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