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Problem 1: Load Combinations



Problem 1 Solution: 
Combo 1:
U = 1.4D = 1.4(2.5 kip/ft)= 3.5 kip/ft

Combo 2:
U = 1.2D+1.6L
U = 1.2(2.5 kip/ft)+1.6(1.8 kip/ft)
U = 5.9 kip/ft

Choose the larger value: 5.9 ft/ft



Problem 2: Reinforced Concrete Beam 
Flexure

The Flexural design strength (kips*ft) of the reinforced 
concrete beam section shown is most nearly: 
A) 267
B) 297
C) 319
D) 354



Problem 2: Equations and Terms



Problem 2 Solution
Ast= 3#10 bars * 1.27 in2 = 3.81in2

f’c= 4 ksi
fy= 60 ksi
b= 14 in
d= 18 in

a= [3.81 in2 *60 ksi]/[0.85*4 ksi* 14 in] = 4.8 in
Mn= 3.81 in2 * 60 ksi (18in-4.8/2) = 3564 kip*in
Mn= 297 kip*ft



Problem 2 Solution
β = 0.85 (from chart)
ε = [0.003(0.85*18 in- 4.8 in)]/4.8 = 0.0066
ɸ = 0.9 (from chart)

ɸ Mn= 0.9*297 kip*ft
ɸ Mn= 267 kip*ft



Problem 3: Reinforce Concrete beam 
Shear Design



Problem 3: Equations and Terms



Problem 3: Solution

Vu= 60.2 kips
f’c= 4000 psi
fy= 60 ksi
b= 14 in
ɸ= 0.75 (shear)

d = 24 in- 2.5 in = 21.5 in
Avs= 2*Area of#3 bar = 2*0.11 in2 = 0.22in2

Vn = 60.2 kips/0.75 = 80.23 kips
Vc= 2*(1)*√(4000 psi)* 14 in* 21.5 in = 38.07 kips
Vs= Vn-Vc = 80.23kip - 38.07 kip = 42.2 kips

s= [Av* fy* d]/Vs
s= [0.22in2 *60 ksi* 21.5 in]/ 42.2 kips
s= 6.73 in



Problem 4: Reinforced Concrete Column



Problem 4 Equations and Terms:



Combo 1:
U = 1.4D = 1.4(2.5 kip/ft)= 3.5 kip/ft

Combo 2:
U = 1.2D+1.6L
U = 1.2(2.5 kip/ft)+1.6(1.8 kip/ft)
U = 5.9 kip/ft

Choose the larger value: 5.9 ft/ft

Problem 4 Solution:
Ast= 12#9 bars * 1 in2 = 12 in2

Ag= 18 in* 18in = 324 in2 

f’c= 4 ksi
fy= 60 ksi

ɸPn= 0.8(0.65)[0.85(4 ksi)(324 in2 -12 in2)+ 12 in2(60 ksi)]
ɸPn= 930 kips



Problem 5: Steel Tension Members



Problem 5: Equations and Terms



Problem 5 Solution:
bg= 5 in
t= ½ in 
db= 1/4 in

An= (5in - 2 bolts (0.25in + 0.0625))* ½ in = 2.2 in2



Problem 6: Steel Members in Bending



Problem 6 Solution:

fy=50 ksi
Zx= 107 in3

ɸ = 0.9
ɸ Mp= 0.9*50 ksi*107 in3 = 401 kip*ft



Problem 7: Structural Steel Lateral 
Torsional Buckling



Problem 7 Equations and Terms



Problem 7 Solution
fy=50 ksi
sx= 140 in3

Zx= 160 in3

Mp= 50 ksi*160 in3 = 667 kip*ft
Mn = 1* [667-(667- 0.7(50 ksi)(140in3)/12)[(8ft-6.36ft)/(18.7ft-6.36ft)]
Mn = 632.6 kip*ft
ɸMn = 0.9*632.6 kip*ft = 569.4 kip*ft (Design Moment Capacity)

Mu= 1.2(8.704 kip*ft)+1.6(256+80 kip*ft) = 548.1 kip*ft

Since the design moment is greater than the ultimate moment 
the beam is adequate to support the load 



Problem 8: Steel Column Buckling



Problem 8: Equations and terms



Problem 8: Equations and terms

rx= 5.15 in
ry=1.95 in
Choose the smaller value because it will have a 
larger slenderness ratio

k= 2.1



Problem 8: Solution
k= 2.1 in
r= 1.95 in
L = 12 ft = 144 in
Slenderness ratio = (2.1*144)/1.95 = 155.1 
Fy = 50 ksi
4.71√(29,000 ksi/50 ksi) = 113.4

Since the slenderness ratio is greater than 113.4, use the second equation
Fe = (29,000*π2)/(155.1)2 = 11.9 ksi
Fcr = 0.877(11.9 ksi) = 10.44 ksi


