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Beam-Columns 
INTRODUCTION  
 Columns in practice rarely experience concentric axial compression alone. Since columns 
are usually parts of a frame, they experience both bending moment and axial force. The 
frames, in which columns are members, may be classified as braced or unbraced. In braced 
frames the resistance to lateral loads at floor levels is provided either by bracings, or shear 
walls. In case of unbraced frames, the resistance to lateral loads is obtained from the 
members of the frames with moment resisting connections between them. Thus the relative 
translation between the ends of a column in a braced frame is prevented, whereas in 
unbraced frames the columns are free to sway causing relative translation between their 
ends. More details on classification of frames as braced and unbraced are given in the 
chapter on frames. Thus columns in practice experience bending about one or both axis in 
addition to axial compression, due to one or more of the following reasons. 
  
• The compressive force may be eccentrically transferred to the column, when this eccentric 
force is transferred to the center line of the column, an equivalent axial compression and 
bending moment act on the column.  
 

• When the beams in braced rigid portal frames are subjected to gravity loads, the rotation 
of the beams at their intersection with the column causes rotation of the column and the 
beam due to rigid connection. Hence beam transfers bending moments to the column in 
addition to axial load.  
 

• When a multi-story multi-bay un-braced frame is subjected to gravity loads and lateral 
loads due to wind or earthquake, the columns are subjected to sway deflection and bending. 
In such cases, the columns experience axial compression as well as bending moments. 
Beams may frame from two orthogonal directions in corner columns in buildings. In such 
cases the columns may be subjected to bending about both principal axes in addition to axial 
compression. 
 

• Beams may frame from two orthogonal directions in corner columns in buildings. In such 
cases the columns may be subjected to bending about both principal axes in addition to axial 
compression 
• Moments in tension members are not as serious as those in compression members, 
because tension tends to reduce lateral deflections while compression increases them. 
Increased lateral deflections in turn results in large moments, which cause larger lateral 
deflection.  
         

Type of beam column 
              

 

 

 

 

 

 

 

 
Top and bottom chords of trusses 

 

 Hanger with eccentric axial load  Columns in braced frames 
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Interaction formulas  
 
The relationship between required and available strengths may be expressed as 
 

 
𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ
   ≤ 1.0                   (1)   

                               
For compression members, the strengths are axial forces. For example, for LRFD, 
 
𝑃𝑢

ɸ𝑃𝑛
   ≤ 1.0 

                                              
and for ASD, 
 

𝑃𝑎

𝑃𝑛/𝛺
   ≤ 1.0 

 

These expressions can be written in the general form 
 

𝑃𝑟

𝑃𝑐
   ≤ 1.0 

 

Where 
Pr = required axial strength 
Pc = available axial strength 
If more than one type of resistance is involved, Equation (1 ) can be used to form the basis of 
an interaction formula. As we discussed in beam formula (Chapter F) in conjunction with 
biaxial bending, the sum of the load-to-resistance ratios must be limited to unity. For 
example, if both bending and axial compression are acting. The interaction formula would be  
 
𝑃𝑟

𝑃𝑐
  +

𝑀𝑟

𝑀𝑐
   ≤ 1.0  

 
Where:- 
Mr = required moment strength 
        =Mu for LRFD 
       = Ma for ASD 
 
Mc = available moment strength 
        =ɸMn for LRFD 
       = Mn/Ω for ASD 
 

Moment for braced or unbraced, frames 
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For biaxial bending, there will be two moment ratios: 
  
𝑃𝑟

𝑃𝑐
  + [ 

𝑀𝑟𝑥

𝑀𝑐𝑥
 +

𝑀𝑟𝑦

𝑀𝑐𝑦
]     ≤ 1.0                    …………..(2) 

 
Where the x and y subscripts refer to bending about the x and y axes. Equation .2 is the basis 
for the AISC formulas for members subject to bending plus axial compressive load. Two 
formulas are given in the Specification: one for small axial load and one for large axial load. If 
the axial load is small, the axial load term is reduced. For large axial load, the bending term is 
slightly reduced. 
 
 The AISC requirements are given in Chapter H, “Design of Members for Combined Forces 
and Torsion,” and are summarized as follows:  
 

For 
𝑃𝑟

𝑃𝑐
 ≥ 0.2  

𝑃𝑟

𝑃𝑐
+

8

9
[ 

𝑀𝑟𝑥

𝑀𝑐𝑥
 +

𝑀𝑟𝑦

𝑀𝑐𝑦
]  ≤ 1.0                                                         (AISC Equation H1-1a) 

For 
𝑃𝑟

𝑃𝑐
< 0.2  

𝑃𝑟

2𝑃𝑐
+ [ 

𝑀𝑟𝑥

𝑀𝑐𝑥
 +

𝑀𝑟𝑦

𝑀𝑐𝑦
]  ≤ 1.0                                                            (AISC Equation H1-1b) 

These requirements may be expressed in either LRFD or ASD as follows 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LRFD ASD 

For 
𝑃𝑟

𝑃𝑐
=

𝑃𝑢

ɸ𝑃𝑛
 ≥ 0.2  

 
𝑃𝑟

𝑃𝑐
+

8

9
[ 

𝑀𝑟𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑟𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0      (H1-1 a) 

  

For 
𝑃𝑟

 𝑃𝑐
= 

𝑃𝑎
𝑃𝑛

𝛺

 ≥ 0.2 

𝑃𝑟

𝑃𝑐
+

8

9
[ 

𝑀𝑟𝑥

𝑀𝑛𝑥/𝛺
 +

𝑀𝑟𝑦

𝑀𝑛𝑦/𝛺
]  ≤ 1.0  (H1-1 a) 

For 
𝑃𝑢

ɸ𝑃𝑛
< 0.2  

 
𝑃𝑟

2𝑃𝑐
+ [ 𝑀𝑟𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑟𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0       (H1-1 b) 

For 
𝑃𝑎

𝑃𝑛/𝛺
< 0.2  

 
𝑃𝑟

2𝑃𝑐
+ [ 

𝑀𝑟𝑥

𝑀𝑛𝑥/𝛺
 +

𝑀𝑟𝑦

𝑀𝑛𝑦/𝛺
]  ≤ 1.0   (H1-1 b) 
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Members subjected to bending and axial tension 
A few type of member subjected to both bending and axial tension as shown in the Fig. 

below. In section H1 of the AISC Specification, the interaction equations that follow are 
given for symmetric shapes subjected simultaneously to bending and axial tensile forces. 
When the beam–columns subjected to axial tensile loads and bending moments, the 
factored moments about the x–x and y–y axes (i.e., Mux and Muy), respectively were 
applied directly without any modification. 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
Example 
 
A992 steel material W12x40 tension member with no holes is subjected to the axial loads Pd.l 
=25 kips and Pl.l =30 kips, as well as the horizontal force Pd.l= 2 kips and Pl.l= 5 kips.is the 
member satisfactory, use LRFD method 
Solution 
Steel         fy          fu   
A992         50         65 
Sect.               Ag          
W12 x40      11.7 

1- Determine the applied load and moments 
Pu= 1.2x Pd.l +1.6x P l.l 
     = 1.2x25 +1.6x30 = 78 kip 
Md.l.y = 2x5 =10 ft.kip 
Ml.l.y = 5x5 = 25 ft.kip 
Muy=1.2x Md.ly +1.6x M l.ly 
          =1.2x10 +1.6x25=    52 ft. kip 
Mux= 0 no load subjected on X-axis 

2- Determine the tensile strength  
Since the tension member has no hole (that mean depending on yielding strengths or gross 
area only) 
  ɸPn=ɸAg Fy   
       = 0.9x11.7x50=52.6 kip  

3- Select the beam column formula 

For 
Pu

ɸPn
< 0.2  

Pd.l =25 kips  
 Pl.l =30 kips, 

W12x40 5
 f

t
 

Pd.l =2 kips  
 Pl.l =5 kips, 
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78

52.6
= 0.14 < 0.2   Use equation H1-1b 

4- Find the flexural strength of the section (ɸMnx) 
Mux=0 no load subjected to the major axis then no need to find (ɸMnx)  
 

5- Find the flexural strength of the section (ɸMny) 
 
          ɸMny= 63.0 ft. Kip      from table (3-4) 
 
 
 
 
 

 

 

 

 

 

Pu

2ɸPn
+ [

Mux

ɸMnx
 +

Muy

ɸMny
]  ≤ 1.0    

0.148 + (0 +  
52

63
 ) =0.899 < 1.0   OK 

The section is adequate 

Example 
A992 steel material W10x30 tension member with no holes is subjected to the axial loads Pd.l 

=30 kips and Pl.l =50 kips, as well as the horizontal force Pd.l= 2 kips and Pl.l= 4 kips , assuming 
Cb=1. Is the member satisfactory, use LRFD method 
Solution 
Steel         fy          fu   
A992         50         65 
Sect.            Ag       Zx      ɸMpx         BF           Lp         Lr           
W10 x30    8.84    36.6     137         4.62       4.84    16.1 

1- Determine the applied load and moments 
Pu= 1.2x Pd.l +1.6x P l.l 
     = 1.2x30 +1.6x50 = 116kip 
M d.l.x = 2x10 =20 ft.kip 
M l.l.x = 4x10 = 40 ft.kip 
Mux=1.2x M d.l x +1.6x Ml.l x 
          =1.2x20 +1.6x40=    88 ft. kip 
Muy =0 no load subjected to the minor axis 
 
 

2- Determine the tensile strength  

Pd.l =30 kips  
 Pl.l =50 kips, 

W10x30 

1
0
 f

t
 

Pd.l =2 kips  
 Pl.l =4 kips, 
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Since the tension member has no hole (that mean depending on yielding strengths or gross 
area only) 
  ɸPn=ɸAg Fy   
       = 0.9x8.84x50=397.8 kip  

3- Select the beam column formula 
  

 For 
𝑃𝑢

ɸ𝑃𝑛
> 0.2  

 
116

397.8
= 0.292 > 0.2   Use equation H1-1 a 

 

 

 

 

 

 

4- Find the flexural strength of the section (ɸMnx) 
Find ɸMnx 

Lb= 10 ft ,LP=4.84  ft,Lr=16.1 ft  
LP <Lb< Lr 
4.84< 10 < 16.1     zone 2 
ɸ𝑀𝑛𝑥 = 𝑐𝑏(ɸ𝑀𝑃𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑃)  ≤  ɸ𝑀𝑃𝑥 
         = 1x(137- 4.62x(10-4.84))≤ 137 
        = 113 < 137   OK 

ɸMnx= 113 ft.kip 
5- Mny= 0 no load subjected to the Mainor axis then no need to find (ɸMny) 

 

For 
𝑃𝑢

ɸ𝑃𝑛
> 0.2  

 
116

397.8
= 0.292 > 0.2   Use equation H1-1 a 

𝑃𝑢

ɸ𝑃𝑛
+

8

9
[ 𝑀𝑢𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑢𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0    

0.292 +
8

9
[ 88

113
 + 0]  ≤ 1 

 =0.942 < 1.0   OK             

 The section is adequate 

Homework 
A992 steel material W10x100 tension member with no holes is subjected to 
the axial loads Pd.l =30 kips and Pl.l =50 kips, as well as the Md.lx = 20 ft.kips and 
Ml.lx=30ft. kips and Md.ly= 10 ft.kips and Ml.ly= 20 ft. kips, assuming Cb=1. Is the 
member satisfactory, use LRFD method 
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Members subjected to bending and axial compression  

When the  beam–columns subjected to  axial compression loads and bending moments, 
the factored moments about the x–x and y–y axes (i.e., Mux and Muy , respectively) must 
include the effect of the slenderness of the compression member (i.e., the so-called P-
delta effects). 
The presence of substantial axial loads in flexural members 
causes secondary moments that must be considered in design. 
This is illustrated in the figure below 
At point O in the figure, the total moment is caused by the 
transverse load w and the axial load P operating through a 
lateral displacement y. The secondary moment, Py, is largest 
where the lateral deflection is largest, namely, at the centerline 
of the beam column. At this location the total moment is: 
𝑀𝑡 =  𝑀 + 𝑃𝛿 
Because the total deflection cannot be found directly, this 
problem is nonlinear.  
Standard structural analysis methods do not take the displaced 
geometry into account and are termed first-order methods.  
Iterative numerical techniques can account for displaced 
geometry by incrementally applying the transverse and axial 
loads and reformulating the stiffness matrix at each time step. 
These methods, often termed second-order methods, can find 
the deflections and secondary moments, but are usually implemented in a computer 
program.  
Current design codes, including the LRFD Specification, permit the use of second-order 
analysis or the moment-amplification method.  
 

The moment amplification method or p-delta effects  
The moment amplification method entails computing the maximum bending moment 
resulting from flexural loading (transverse loads or member end moments) by a first 
order analysis, then multiplying by a moment amplification factor to account for the 
secondary moment.  
There are two types of secondary moments: P-δ (caused by 
member deflection) and P-Δ (caused by the effect of sway 
when the member is part of an unbraced frame [moment 
frame]). Because of this, two amplification factors must be 
used.  
Figure below illustrates these two components of deflection.  
Figure (a) show the member is restrained against side sway, 
and the maximum secondary moment is P δ, which is added to 
the maximum moment within the member. If the frame is 
actually unbraced, there is an additional component of the 
secondary moment, as shown in Figure (b) that is caused by 
side sway. This secondary moment has a maximum value of 
PΔ, which represents an amplification of the end moment  
 
To approximate these two effects, two amplification factors, 
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B1 and B2, are used for the two types of moments. The amplified moment to be used in 
design is computed from the loads and moments as follows:  
𝑀𝑟 = 𝐵1𝑀𝑛𝑡 + 𝐵2𝑀ℓ𝑡  
Mr= required moment strength  
Mnt = maximum moment assuming that no sides way occurs, whether the frame is 
actually braced or not (the subscript nt is for “no translation”). These moments are 
caused by gravity loads. 
Mℓ𝑡= maximum moment caused by side sway (the subscript lt is for “lateral translation”). 
This moment can be caused by lateral loads or by unbalanced gravity loads. Mlt will be 
zero if the frame is actually braced. For most reasonably symmetric moment frames, 
these moments are caused only by lateral wind or seismic loads.  
For braced frames, there are no lateral translation moments; therefore, Mℓ𝑡  =0.  
B1 = amplification factor for the moments occurring in the member when it is braced 
against side sway (P-δ moments).  
B2 = amplification factor for the moments resulting from side sway (P-Δ moments). 
 

For brace (Non sway) beam Moment Magnification Factor, B1 

 

 B1 = 
𝑐𝑚

1−
𝛼𝑃𝑟

𝑝𝑒1

  ≥1.0 

Where 
Pr= required axial compressive strength 
      =Pu    , α= 1    for LRFD method 
      = Pa   , α= 1.6 for ASD method 
 

Pel = 
𝜋2 𝐸𝐼

(𝑘𝑙)2  

 
Pel= Euler buckling load 

Pex = 
𝜋2 𝐸𝐼𝑥

(𝑘𝑙𝑥)2    

Pex= Euler buckling load for x-axis   

Pey = 
𝜋2 𝐸𝐼𝑦

(𝑘𝑙𝑦)2    

Pey= Euler buckling load for Y-axis   
 
KL is the slenderness ratio about the axis of bending.  
K ≤ 1.0 (a practical value of K for columns in braced frames = 1.0), and  
 
The moment reduction coefficient, Cm , accounts for the effect of moment gradient in 
the column, and is obtained as follows: 
 

𝑀𝑟 = 𝐵1𝑀𝑛𝑡 
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Cm values 
Depending on transvers load acting on the member 

If there are not transvers load acting 
on the member 

If there are transvers load acting 
on the member 

Cm=0.6-0.4 
𝑀1

𝑀2
 

Where 
 𝑀1

𝑀2
= Absolute ratio of bending 

moment at the end of member  
M1= Smaller moment 
M2= Larger moment

 
  

 

-  Cm=1.0 
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Example  
Check the adequacy of 12 ft W12 x96 of A752 G50 steel material beam column in a brace 
frame bent in single curvature, and not subjected to intermediate transverse loads. 
Subjected to Pd.l =175 kips and Pl.l =300 kips, and first order, Mdx =60 ft.kip, Mlx=60 ft.kip at 
both ends, assuming Cb=1.0 and use ASD method 
Solution 
Steel                 fy          fu   
A572G 50       50         65 
Sect.            Zx       Mpx/Ω       BF          Lp        Lr        Ixx    
W12 x96   147       367          3.85       10.9      46.7    833  

1- Determine the applied load and moments 
Pa= Pd.l +Pl.l 
     = 175 +300 = 475  kip 
Max top= Max bottom=M d.l x + M.l.l x 

 
           = 60 + 60   = 120 ft. kip 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 

2- Determine the column strength  
Kx=ky= 1     brace member 
 
Lx=Ly =12 ft  
Kly= 1x12= 12 
Sect. W12x 96                 Go to table 4.1       Pn/Ω= 720 kip 
Fy=50 
ASD  

Md.lx =60 ft. kips  
 M l.lx=60 ft  kips, 

Md.lx =60 ft. kips  
 M l.lx=60 ft  kips, 

Pd.l =175  kips  
 Pl.l =300 kips, 

W12x96 1
2
 f

t
 

Pd.l =175  kips  
 Pl.l =300 kips, 
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3- Select the beam column formula 

  
𝑃𝑟

𝑃𝑐
=

𝑃𝑎

𝑃𝑛/𝛺
=

475

720
= 0.66 > 0.2 𝑢𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑢𝑖𝑜𝑛 𝐻 1 − 1 𝑎 

 
𝑃𝑟

𝑃𝑐
+

8

9
[ 

𝑀𝑟𝑥

𝑀𝑛𝑥/𝛺
 +

𝑀𝑟𝑦

𝑀𝑛𝑦/𝛺
]  ≤ 1.0   (H1-1 a) 

  
4- Find the flexural strength of the section (Mnx/Ω) 

Lb= 12ft, Lp=10.9ft, Lr =46.7 ft 
 
Lp< Lb<Lr 

10.9< 12 <49.6          Zone 2 

𝑀𝑛𝑥/𝛺 = 𝐶𝑏[𝑀𝑝𝑥/𝛺 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤  𝑀𝑝𝑥/Ω 

Cb= 1 

Mnx/Ω = 1x[367 − 3.85(12 − 10.9)] ≤  367 

          =362.8 < 367 

Use Mnx/Ω = 362.8   ft. kip  

𝑀𝑟 = 𝐵1𝑀𝑛𝑡 

Mnt = 120 ft . kip   

 

𝐵1𝑥 =  
𝑐𝑚

1−
𝛼𝑃𝑟

𝑝𝑒𝑥

    ≥1.0  

𝐶𝑚 = 0.6 − 0.4 (
𝑀1

𝑀2
)  

 

   = 0.6-0.4(−
120

120
) = 1.0  

𝑃𝑒𝑥 =  
𝜋2 𝐸𝐼𝑥

(𝑘𝑙𝑥)2
 

𝑃𝑒𝑥 =  
𝜋2𝑥29000𝑥833

(1𝑥12𝑥12)2
= 11497.88 𝑘𝑖𝑝 

120 ft.kip 

120 ft.kip 
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α= 1.6   ASD 

𝐵1𝑥 =  
𝑐𝑚

1 −
𝛼𝑃𝑟
𝑝𝑒𝑥

  ≥ 1.0 

𝐵1𝑥 =  
1

1 −
1.6𝑥475

11497.88

=  1.071 >  1   𝑜𝑘 

  Mr = 1.071x 120 =   128.5 ft. kip 

5- Mny= 0 no load subjected to the Mainor axis then no need to find (ɸMny) 

 
𝑃𝑟

𝑃𝑛𝑐
+

8

9
[ 

𝑀𝑟𝑥

𝑀𝑛𝑥/𝛺
 +

𝑀𝑟𝑦

𝑀𝑛𝑦/𝛺
]  ≤ 1.0  (H1-1 a) 

 

0.66 +
8

9
[

128.5

362.8
 + 0]  =   0.975 ≤ 1.0       OK 

 

The section W12x96 satisfied according to AISC specification 

 
 
Example  
 
A992 steel material W12x79 is used as abeam column in a brace frame, it bent in single 
curvature with equal opposite end moment and not subjected to intermediate transverse 
loads. Is the section satisfactory if Pd.l =170 kips and Pl.l =250 kips, and first order, Mdx =11 ft. 
Kip, Mlx=36 ft.kip at top end and Mdx =14 ft.kip, Mlx=41 ft. Kip at bottom end assuming 
Cb=1.0 and use LRFD method 
 
Solution 
 
Steel         fy          fu   
A992         50         65 
Sect.            Zx       ɸMpx       BF          Lp        Lr      Ixx    
W12 x79   119      446          5.67       10.8      39.9      662      

1- Determine the applied load and moments 
Pu= 1.2x Pd.l +1.6x Pl.l 

     = 1.2x170 +1.6x250 = 604  kip 

Muxtop=1.2x M d.l x +1.6x M.l.l x 

          =1.2x11 +1.6x36=    70.8 ft. kip 

Muxbott1.2x M d.l x +1.6x M.l.l x 

          =1.2x14 +1.6x41=   82.4 ft. kip 

 

 
 
 
 
 
 
 
 
 
 

Md.lx =14 ft. kips  
 M l.lx=41 ft  kips, 

Md.lx =11 ft. kips  
 M l.lx=36 ft  kips, 

Pd.l =170  kips  
 Pl.l =250 kips, 

W12x65 1
4
 f

t
 

Pd.l =170  kips  
 Pl.l =250 kips, 
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2- Determine the column strength  
Kx=ky= 1     brace member 
 
Lx=Ly =14 ft  
Kly= 1x14= 14 
Sect. W12x 79                 Go to table 4.1       ɸPn= 836 kip 
Fy=50 
LRFD  

 
3- Select the beam column formula 

  
𝑃𝑟

𝑃𝑐
=

𝑃𝑢

ɸ𝑃𝑛
=

604

836
= 0.7225 > 0.2 𝑢𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑢𝑖𝑜𝑛 𝐻 1 − 1 𝑎 
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𝑃𝑟

𝑃𝑐
+

8

9
[ 𝑀𝑟𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑟𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0       (H1-1 a) 

  
4- Find the flexural strength of the section (ɸMnx) 

Lb= 14ft, Lp=10.8ft, Lr =39.9 ft 
 
Lp< Lb<Lr 

10.8< 14 <39.9         Zone 2 

ɸ𝑀𝑛𝑥 = 𝐶𝑏[ɸ𝑀𝑝𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤  ɸ𝑀𝑝𝑥 

Cb= 1 

ɸMnx = 1x[446 − 5.67(14 − 10.8)] ≤  446  

          =427.85 < 446 

Use ɸMnx = 427.85   ft. kip  

Mr = B1Mnt 

Mnt = 82.4 ft . kip (larger value) 

 

B1 = 
cm

1−
αPr

pe1

  ≥1.0  

Cm =0.6-0.4(
M1

M2
)  

   = 0.6-0.4(−
70.8

82.4
)= 0.9437  

Pex = 
π2 EIx

(klx)2  

Pex = 
π2x29000x662

(1x14x12)2 = 6713.32 kip 

α= 1.0 LRFD 

 

B1x = 
cm

1−
αPr

pex

  ≥1.0 

  

B1x = 
0.9437

1−
1x604

6713.32.

= 1.027 > 1   ok 

   

Mu = 1.027x 82.4 =   84.6 ft. kip 

 
𝑃𝑟

𝑃𝑐
+

8

9
[ 𝑀𝑟𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑟𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0       (H1-1 a) 

 

0.7225 +
8

9
[

84.6

427.85
 + 0]  =   0.898 ≤ 1.0       OK 

 

The section W12x79 satisfied according to AISC specification 

 
 
 
 
 
 
 
 

82.4 ft.kip 

70.8 ft.kip 
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Note  

For the actual value of 𝑪𝒃, refer to the moment diagram 

 

Cb=
12.5 𝑀𝑚𝑎𝑥.

2.5 𝑀𝑚𝑎𝑥.+3𝑀𝐴+4𝑀𝐵+3𝑀𝑐
  

 
M max.= Maximum moment applied 
M A= Moment at L/4= 3.5 ft 
M B = Moment at L/2= 7.0 ft 
M C= Moment at ¾ L= 10.5 ft 
 
M max.= 82.4 ft.kip 
M A= 73.7 ft. kip 
M B = 76.6 ft. kip 
M C=79.5 ft. kip 
 

Cb=
12.5 𝑥82.4

2.5 𝑥 82.4 +3𝑥73.7+4𝑥76.6+3𝑥 79.5
 

= 1.06  

Example 

Check the adequacy of (14 ft.), (W14x120), A992 steel material which it be  used as abeam 

column for a part of  brace frame its bents in single curvature with equal opposite end 

moment in both direction and it's not subjected to intermediate transvers load, if the service 

dead load 70 kips and service live load 100 kips, service dead moment (60 ft.K) and service 

moment load (80 ft.K) about X- axis and service dead moment (40 Ft.k) and service moment 

load (60 ft.K ) about Y- axis . Assume the beam col. has lateral support at end span only, and 

(Cb=1) . 

Solution 

Steel         fy          fu   
A992         50         65 
Sect.            Zx       ɸMpx       BF          Lp        Lr      Ixx       Iyy       ɸMpy 
W14 x120   212       795        7.65       13.2      51.9   1380     495    383 
 

1- Determine the applied load and moments 
Pu= 1.2x Pd.l +1.6x Pl.l 

     = 1.2x70 +1.6x100 = 244  kip 

Mux =1.2x M d.l x +1.6x M.l.l x 

          =1.2x60+1.6x80=    200  ft. kip 

Muy=1.2x M d.l x +1.6x M.l.l x 

          =1.2x40+1.6x60=   144 ft. kip 
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2- Determine the column strength  
Kx=ky= 1     brace member 
 
Lx=Ly =14 ft  
Kly= 1x14= 14 
Sect. W12x 79                 Go to table 4.1       ɸPn= 1370 kip 
Fy=50 
LRFD  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3- Select the beam column formula 
  

𝑃𝑟

𝑃𝑐
=

𝑃𝑢

ɸ𝑃𝑛
=

244

1370
= 0.18 < 0.2 𝑢𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑢𝑖𝑜𝑛 𝐻 1 − 1 𝑏 

 
𝑃𝑟

2𝑃𝑐
+ [ 𝑀𝑟𝑥

ɸ𝑀𝑛𝑥
 +

𝑀𝑟𝑦

ɸ𝑀𝑛𝑦
]  ≤ 1.0       (H1-1 b) 

  
4- Find the flexural strength of the section (ɸMnx) 

Lb= 14ft, Lp=13.2ft, Lr =51.9 ft 
Lp< Lb<Lr 

13.2< 14 <51.9         Zone 2 

ɸ𝑀𝑛𝑥 = 𝐶𝑏[ɸ𝑀𝑝𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤  ɸ𝑀𝑝𝑥 

Cb= 1 

ɸMnx = 1x[795 − 7.65(14 − 13.2)] ≤  795  

          =788.88 < 795 

Use ɸMnx = 788.88   ft. kip  

Mrx = B1xMntx 

Mnt = 200 ft . kip  

 

B1x = 
cm

1−
αPr

pex

  ≥1.0  

Cm =0.6-0.4(
M1

M2
)  

   = 0.6-0.4(−
200

200
)=  1  

200 ft. kip 

200 ft.kip 
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Pex = 
π2 EIx

(klx)2
 

Pex = 
π2x29000x1380

(1x14x12)2 = 13994.53 kip 

α= 1.0 LRFD 

B1x = 
cm

1−
αPr

pex

  ≥1.0 

B1x = 
1

1−
1x244

13994.53

= 1.0178 > 1   ok 

   

Mrx = 1.0178x 200 =   203.55 ft. kip 

 

5- Find the flexural strength of the section (ɸMny) 
 

ɸ𝑀𝑛𝑦 = 383   ft. kip  

Mry = B1xMnty 

Mnt = 144 ft . kip  

 

B1y = 
cm

1−
αPr

pey

  ≥1.0  

Cm =0.6-0.4(
M1

M2
)  

   = 0.6- 0.4(−
144

144
) = 1  

Pey = 
π2 EIy

(kly)2  

Pey = 
π2x29000x 495

(1x14x12)2 = 5019.78 kip 

α= 1.0 LRFD 

B1y = 
cm

1−
αPr

pey

  ≥1.0 

B1y = 
1

1−
1x244

5019.78

= 1.051 > 1   ok 

   

Mry = 1.051x 144 =   151.36 ft. kip 

 
244

2𝑥1370
+ [203.55

788.88
 +

151.36

383
]  ≤ 1.0       (H1-1 b) 

 

0.7422 ≤ 1.0       OK 

 

The section W14 x120 is adequate according to AISC specification 

 

 

 

 

 

 

144 ft. kip 

144ft.kip 
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Homework  

1-Investigate the adequacy of the W8x24 of A992 steel material to support axial 

compression force (Pdl =15 kip and Pll =60 kip) and the uniformly distributed load (Wdl =0.1 

k/ft and Wll =0.4 k/ft) as shown in the Fig. below, use LRFD method. Assume the beam col. 

has lateral support at end span only    

 

 

 

2- Investigate the adequacy of the W8x24 of A992 steel material to support axial 

compression force (Pdl =15 kip and Pll =60 kip) and the uniformly distributed load (Wdl =1 k/ft 

and Wll =4 k/ft) as shown in the Fig. below, use ASD method. Assume the beam col. has 

lateral support at end span only    

 

 

 

 

3- What is the maximum total service load(W (k/ft))  that can be applied on a  W10x30 of 

A992 steel material to support axial compression force (Pdl =25 kip and Pll =75 kip) as 

shown in the Fig. below, use ASD method. Assume the beam col. has lateral support at 

end span only  

  

 

 

   

 

 10 ft 

 

Wdl   0.1 K/ft 
Wll   0.4 K/ft 

 

Pdl   15 K/ft 
Pll   60 K/ft 

 

Pdl   15 K/ft 
Pll   60 K/ft 

 

 10 ft 

 

Wdl   1 K/ft 
Wll   4 K/ft 

 

Pdl   15 K/ft 
Pll   60 K/ft 

 

Pdl   15 K/ft 
Pll   60 K/ft 

 

 15 ft 

 

W  K/ft 

Pdl   25 K/ft 
Pll   75 K/ft 

 

Pdl   25 K/ft 
Pll   75 K/ft 

 


