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Moment frame
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Eight-story steel moment frame
Assume
Live load 50 psf
Live load reduction R = 0.08 (A-150)
where
R = LL reduction in percent
A = tributary area
Reduction shall not exceed:
40% for members supporting a single level
60% for other members

90100Total DL+LL
50 x 0.4 = 2050 x 0.6 = 30LL

7070DL

2020Partitions

1010Framing
ColumnBeamGravity load

33Floor/ceiling

3737Concrete slab
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Assume
Average wind pressure                           P = 30 psf
Gravity load
Beams   =100 psf
Columns = 90 psf

Design ground floor beams and columns
Uniform beam load 
w =100 psf x 30’/1000 w = 3 klf
Uniform column load (distributed on beam)  
w = 90 psf x 30’/1000 w = 2.7 klf
Base shear 
V = 30 psf x 30’ x 7.5 x 12’/1000 V = 81 k
Overturn moments
Ground floor M0

M0 = 30 psf x 30’ x (7.5x12)2 /2 / 1000      M0 = 3,645 k’
First floor M1
M1 = 30 psf x 30’(6.5 x12)2 /2 / 1000 M1 = 2,738 k’
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Column bending

162k’027x6 = 162k’b & c  
194k’3x302/24 = 11313.5x6 = 81k’a & d
Σ MMgravity= wL2/24Mlateral = Vc h/2Col.

Column axial force (n = # of stories)

648k8x2.7x30 = 6480b & c  
365k8x2.7x15 = 3243645/90 = 41ka & d
Σ PPgravity= nwLtributaryPlateral = M0/BCol.

Combined axial + bending (Σ P = P + M Bx) 

1006k162k’x12”x0.184 = 358648kb & c  
793k194k’x12”x0.184 = 428365ka & d
Σ PM Bx (Bx assumes M in k-in)PCol.

0.184 > 0.1831083 > 1006W14x193b & c  
0.184 = 0.184812 > 793W14x145a & d

Bxestimate vs. BxPallowable vs. PUseCol.
Column design (assume KL = 1.2x12’ = 14’)

27.0k30 x 81 / 90b & c 
13.5k15 x 81 / 90a & d

VcVc = Ltrib V/BColumn
Column shear
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0.184 > 0.1831083 > 1006W14x193b & c  
0.184 = 0.184812 > 793W14x145a & d

Bxestimate vs. BxPallowable vs. PUseCol.
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Beam design
From previous page: 
Uniform beam load w = 3 klf
Overturn moments
Ground floor M0 M0 = 3,645 k’
First floor M1 M1 = 2,738 k’
Column a &d axial load 
N0 = M0 / B = 3645 / 90 N0 = 41 k
N1 = M1 / B = 2738 / 90 N1 = 30 k
Beam shear
V = N0 - N1 V = 11 k
Beam bending
Mlateral = V L/2 = 11 x30/2 Mlateral = 165 k’
Mgravity = wL2/12 = 3x302/12            Mgravity = 225 k’
ΣM = 165+225 Σ M = 390 k’
Section modulus required
Sx = M / Fb = 390 k’ x 12” / 22 ksi Sx = 213 in3

Use W18x119

Note:  W18 beam has optimal ratio L/d = 20
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Required
Sx ≥ 213
Use
W18x119
Sx = 231
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Column bending

76k’012.6x6 = 76k’b & c  
151k’3x302/24 = 1136.3x6 = 38k’a & d
Σ MMgravity= wL2/24Mlateral = Vc h/2Col.

Column axial force (n = # of stories above)

324k4x2.7x30 = 3240b & c  
171k4x2.7x15 = 162794/90 = 9ka & d
Σ PPgravity= nwLtributaryPlateral = M4/BCol.

Combined axial + bending (Σ P = P + M Bx) 

494k76k’x12”x0.186 = 170324kb & c  
508k151k’x12”x0.186 = 337171ka & d
Σ PM Bx (Bx assumes M in k-in)PCol.

0.186 > 0.185497 > 494W14x90b & c  
0.186 > 0.185546 > 508W14x99a & d

Bxestimate vs. BxPallowable vs. PUseCol.
Column design (assume KL = 1.2x12’ = 14’)

12.6k30 x 38 / 90b & c 
6.3k15 x 38 / 90a & d

VcVc = Ltrib V/BColumn shear
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5th floor shear V = 30x30x3.5x12/1000                              V = 38 k
Column shear
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0.186 > 0.185497 > 494W14x90b & c  
0.186 > 0.185546 > 508W14x99a & d

Bxestimate vs. BxPallowable vs. PUseCol.
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0.186 > 0.185497 = 494W14x90b & c  

Bxestimate vs. BxPallowable vs. PUseCol.

0.184 > 0.1831083 > 1006W14x193b & c  
0.184 = 0.184812 > 793W14x145a & d

Bxestimate vs. BxPallowable vs. PUseCol.
Ground floor columns 

4th floor columns

103x12 = 1236 #193-90 = 103 #$1236b & c  
46x12 = 552 #145-99 = 46 #$552a & d
weight/columnweight/foot$/columnCol.

Difference between 5th floor and ground floor

0.186 > 0.185546 > 508W14x99a & d

Compare columns 
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Crown Zellerbach building
San Francisco
Architect: SOM & Hertzka and Knowles
Engineer: H J Brunnier
The 19-story building has an external core 
and column-free, moment frame, office wing
Size:    201x69’
Height:          285’
Story height: 13.7’
Height/width ratio 4.1

A   Column 
B   Spandrel beam 
C   Girder 

D   Joist @ 7’
E   Gusset plate
F   Fire proofing8’ deep mat footing
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Width direction lateral load
Shear                      Bending                   Axial Deflection

Width direction combined gravity and  lateral load
Shear                     Bending                     Axial                 Deflection

Length direction lateral load
Shear                                      Bending                                         Axial                                              Deflection
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