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Flexural Design by using AISC Tables (Table (3.2) (Zx Table) for W-shapes) 
 
W-shape are stored in descending order by strong-axis flexural strength and then 

grouped in ascending order by weight with the lights W-shape in each rang in bold. 
Strong-axis available strength in flexure and shear are given for W-shapes with fy =50. 
For compact W-shapes, When Lb≤ Lp, the strong-axis available flexural strength 
  𝑀𝑃/𝛺 𝑜𝑟 ɸ𝑀𝑃 , can be determined using the tabulated strength values. When 
Lp<Lb≤Lr, linearly interpolate between the available strength at Lp and the available 
strength at Lr as follows: 
 
Limitation of using table (3.2) (Zx table) 

- The W shape  is available in table 
- Yielding strengthen for steel material must be equal to  (𝑓𝑦 =  50) 
-  The laterally un supported length ( Lb< Lp) (Zone 1) or range between (Lp<Lb≤Lr) 

(Zone 2).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LRFD ASD 

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

𝛺
= 𝐶𝑏 [

𝑀𝑝𝑥

𝛺
− 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤

𝑀𝑝𝑥

𝛺
 

LRFD ASD 

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

𝛺
= 𝐶𝑏 [

𝑀𝑝𝑥

𝛺
− 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤

𝑀𝑝𝑥

𝛺
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Example  

Use LRFD method to determine the flexural strength of a W14 × 68 of A992 steel material 
by using table (3.2) if : 
a. Continuous lateral support. 
b. An unbraced length of 20 ft with Cb = 1.0. 
c. An unbraced length of 30 ft with Cb = 1.0. 

Solution 

Steel                 fy          fu   
A992                 50        65 

Section      Zx         ɸ𝑀𝑝𝑥      Bf         Lp         Lr    
W14x68    115        431         7.81     8.69    29.3 

 
a. Continuous lateral support. 

Lb=0 
ɸ𝑀𝑝𝑥 = 431 𝑓𝑡. 𝑘𝑖𝑝 
 
b. An unbraced length of 20 ft with Cb = 1.0. 

Lp<Lb≤Lr  
ɸ𝑀𝑛 = 𝐶𝑏[ɸ𝑀𝑝𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤ ɸ𝑀𝑝𝑥 
ɸ𝑀𝑛 = 1[431 − 7.81(20 − 8.69)] ≤ 431 
=342.66<431 
=342.66   ft.kip 
 
c. An unbraced length of 30 ft with Cb = 1.0. 

lb>Lr                       Zone 3 
30> 29.3 
𝑀𝑛 = 𝐹𝑐𝑟𝑥𝑆𝑥 < 𝑀𝑃 

𝐹𝑐𝑟 =
𝑐𝑏𝜋2 𝐸

(
𝑙𝑏

𝑟𝑡𝑠)2
 √(1 + 0.078

𝐽𝑐

𝑆𝑥ℎ𝑜
(

𝑙𝑏

𝑟𝑡𝑠
)2) 

𝐹𝑐𝑟 =
1𝑥𝜋2 29000

(
30𝑥12

2.8 )2
 √(1 + 0.078

3.01𝑥1

103𝑥13.3
(
30𝑥12

2.8
)2) 

= 33.9 ksi 

𝑀𝑛 = 33.9𝑥103 < 5750 

       = 3492 <5750 

    =
3492

12
 = 291 ft.kip 

ɸMn=0.9x291=261.9 ft. kip 

 

 

 

 

30 ft  30 ft   

20 ft  20 ft   
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Example  

Use ASD method to determine the flexural strength of a W14 × 74 of A992 steel material if  
a. Continuous lateral support. 
b. An unbraced length of 15 ft. 
c. An unbraced length of 35 ft. 

Solution  

Steel                 fy          fu   
A992                 50        65 

Section      Zx            𝑀𝑝𝑥/Ωb     Bf          Lp      Lr    
W14x74    126               314         5.34     8.76    31 
 
a. Continuous lateral support 

Lb = 0 the beams has full laterally supported 

Lb<  Lp                                     Zone 1 
𝑀𝑛

Ωb
=  

𝑀𝑝𝑥

Ωb
=  314 𝑓𝑡. 𝑘𝑖𝑝 

 
b. An unbraced length of 15 ft.  
Lb=15 ft  
Cb=1.3 table 3.1 

Lp<Lb≤Lr  
𝑀𝑛

Ωb
= 𝐶𝑏 [

𝑀𝑝𝑥

Ωb
− 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤

𝑀𝑝𝑥

Ωb
 

          =1.3x (314-5.34(15-8.76))<314 
          =364.88>314 

Use 
𝑀𝑛

Ωb
= 314 

 
 c. An unbraced length of 35 ft. 
b>Lr                       Zone 3 
𝑀𝑛 = 𝐹𝑐𝑟𝑥𝑆𝑥 < 𝑀𝑃 

𝐹𝑐𝑟 =
𝑐𝑏𝜋2 𝐸

(
𝑙𝑏

𝑟𝑡𝑠)2
 √(1 + 0.078

𝐽𝑐

𝑆𝑥ℎ𝑜
(

𝑙𝑏

𝑟𝑡𝑠
)2) 

𝐹𝑐𝑟 =
1.3𝑥𝜋2 29000

(
35𝑥12
2.82 )2

 √(1 + 0.078
3.87𝑥1

112𝑥13.4
(
35𝑥12

2.82
)2) 

= 39.2 ksi 

𝑀𝑛 = 39.2𝑥112 < 6300 

       =  4390.52 <6300 

    =
4390.52

12
 = 365.87 ft.kip 

𝑀𝑛

Ωb
=  

𝑀𝑝

Ωb
=  

365.87

1.67
=  219 𝑓𝑡. 𝑘𝑖𝑝 

 

 

15 ft  15 ft   

35 ft   35 ft  
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Example 

Determine the LRFD design moment capacity of W24x62 with A992 steel material if the 
laterally unsupported length (Lb=8ft), assume Cb=1 

Solution 

Steel         fy        fu   
A992         50       65 

Section     Zx      ɸ𝑀𝑝𝑥      Bf         Lp        Lr    
W24x62   153      574         24.1     4.87    14.4 
 

Lp<Lb≤Lr      (Zone 2) 
  
ɸ𝑀𝑛 = 𝐶𝑏[ɸ𝑀𝑝𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤ ɸ𝑀𝑝𝑥 
ɸ𝑀𝑛 = 1[574 − 24.1(8 − 4.87)] ≤ 574 
=498.6<574 
=498.6  ft.kip 
 
Homework 
Determine the ASD allowable moment capacity of W24x62 with A992 steel material if the 
laterally unsupported length (Lb=8ft), assume Cb=1 

 

Example 

Consider the flexural requirements only to determine the allowable point load (Pu), use 
A992 steel material and W8x58, neglected the self-weight effect. Use LRFD method 

Steel         fy        fu   
A992         50       65  

Section     Zx      ɸ𝑀𝑝𝑥      Bf         Lp        Lr    
W8x 58     59.8     224      2.56        7.42     41.7 
 
Lb1=7, Lb2=10 
1-portion 1 (Lb=7) 
Lb<LP   Zone 1 
7<7.42 

ɸ𝑀𝑝𝑥 = 224 𝑓𝑡. 𝑘𝑖𝑝 
2-portion 2(Lb=8) 
Lp<Lb≤Lr   Zone 2 
7.42<10≤41.7 
Cb=1.67 (table 3.1) 

ɸ𝑀𝑛 = 𝐶𝑏[ɸ𝑀𝑝𝑥 − 𝐵𝐹(𝐿𝑏 − 𝐿𝑝)] ≤ ɸ𝑀𝑝𝑥 
ɸ𝑀𝑛 = 1.67[224 − 2.56(10 − 7.42)] ≤ 224  
             =363>224 
Use ɸ𝑀𝑛 = 224ft.kip 
Mu=10Pu 
ɸ𝑀𝑛 = 𝑀𝑢 
224 = 10𝑃𝑢 
Pu= 22.4 kip 
 

8 ft   8 ft  

10 Pu 

 

10 ft  7ft 10 ft  

Pu Pu 

10 Pu 
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I-SHAPED MEMBERS AND CHANNELS BENT ABOUT THEIR MINOR AXIS 
 

This section applies to I-shaped members and channels bent about their minor axis. 
The nominal flexural strength, Mn, shall be the lower value obtained according to the 
limit states of yielding (plastic moment) and flange local buckling. 

 
 
 
 
 
 
 

1. Yielding 
 

Mn = Mp = Fy Zy ≤ 1.6Fy Sy                                    (F6-1) 
 

2. Flange Local Buckling 
(a) For sections with compact flanges the limit state of yielding shall apply. 

 
User Note: All current ASTM A6 W, S, M, C and MC shapes except W21×48, 
W14×99, W14×90, W12×65, W10×12, W8×31, W8×10, W6×15, W6×9, W6×8.5, 
and M4×6 have compact flanges at Fy ≤50ksi. 

 
(b) For sections with non-compact flanges 

 

Mn = [Mp − (Mp − 0.7Fy Sy) (
𝜆 − 𝜆𝑝 𝑓

𝜆𝑟 𝑓 − 𝜆𝑝 𝑓
)]                                  (F6-2) 

 
(c) For sections with slender flanges 
Mn = Fcr Sy                                                                                       (F6-3) 
Where:- 

Fcr = 
0.69𝐸

(𝑏𝑓/2𝑡𝑓)2                                                                                    (F6-4) 

λ = b/t 
λp f = λp, the limiting slenderness for a compact flange, Table B4.1 
λr f = λr , the limiting slenderness for a non-compact flange, Table B4.1 
Sy for a channel shall be taken as the minimum section modulus 

Flexural Design by using AISC Tables (Table (3.4) (Zy Table) for W-shapes) 
 
W-shape are stored in descending order by weak-axis flexural strength and then 

grouped in ascending order by weight with the lights W-shape in each rang in bold. 
Weak-axis available strength in flexure are given for W-shapes with fy =50 
ksi(ASTM992).Cb is taken as unity. 
For compact W-shapes, When λ≤ λp, the weak-axis available flexural strength 
/𝛺 𝑜𝑟 ɸ𝑀𝑃𝑦 , can be determined using the tabulated strength values. For non -compact 
Wshape When λp< λ ≤ λr, linearly interpolate between the available strength at λ p and 
the available strength at λ r as follows: 
 
Limitation of using table (3.4) (Zy table) 

- The W shape  is available in table 
- Yielding strengthen for steel material must be equal to  (𝑓𝑦 =  50) 
-  For compact section  (λ< λ p)and non-compact section  (λ p< λ ≤ λ r)   

lu 
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Example 

Using AISC requirements to determine the design moment capacity of W10 × 30 steel 

beam has 20 ft long and is subjected to bending about its weak axis only, use LRFD method 

Steel         fy        fu   
A992         50       65  
Section      bf/2tf     Sy         Zy    
W10x30       5.7       5.75      8.84  

λ <0.38√
𝐸

𝑓𝑦
 

5.7<915   compact section 
Mn = Mp = Fy Zy ≤ 1.6Fy Sy     (F 6.1) 
 
               Mp=50x 8.84=442/12=36.83 ft.kip        control 
Mn= 
               1.6x50x5.75=460/12=38.3 ft.kip 
 
ɸMn=ɸMp=0.9x36.83=33.147 ft.kip 
 
or by use table (3.4) 
ɸMn=33.2  ft.kip 
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Example 
Using AISC requirements to determine the design moment capacity of W12x65

f
 steel beam 

has 20 ft long and is subjected to bending about its weak axis only, use LRFD method 

Steel         fy        fu   
A992         50       65  
Section     bf/2tf         Sy         Zy    
W10x30     9.92           29.1     44.1   
λ =9.92  

λp f =0.38√
𝐸

𝑓𝑦
    λp, the limiting slenderness for a compact flange, Table B4.1 

       =9.15 

λr f =√
𝐸

𝑓𝑦
              λr, the limiting slenderness for a compact flange, Table B4.1 

      =24 
λp f <λ≤ λr f       (non-compact section ) 
9.15f <9.92≤ 24 

                50x 44.1= 2205  in.kip        control 
Mp= 
               1.6x50x29.1=2328 in.kip 
 

Mn = [Mp − (Mp − 0.7Fy Sy) (
𝜆 − 𝜆𝑝 𝑓

𝜆𝑟 𝑓 − 𝜆𝑝 𝑓
)] 

Mn = [2205 − (2205− 0.7x50x29.1) (
9.92− 9.15

24−9.15
)] 

Mn=2143.5in .kip=2143.5/12=178.625 ft.kip 
ɸMn==0.9x178.625=160.763ft.kip 
By using table (3.4) 
ɸMn=ɸMp=161  ft.kip 
 
Example 
Using AISC requirements to determine the design moment capacity of W12x58 steel beam 

has 20 ft long and is subjected to bending about its weak axis only, use ASD method 

Steel         fy        fu   
A992         50       65  
Section     bf/2tf         Sy         Zy    
W12x58    7.82         21.4     32.5   

λ <0.38√
𝐸

𝑓𝑦
 

5.7<9.15   compact section 
Mn = Mp = Fy Zy ≤ 1.6Fy Sy     (F 6.1) 
 
               Mp=50x 32.5=1625/12=135.416 ft.kip        control 
Mn= 
               1.6x50x21.4=1712/12=142.67 ft.kip 
𝑀𝑛

𝛺
=

𝑀𝑝

𝛺
=

135.416

1.67
=81.087ft.kip 

 
or by use table (3.4) 
𝑀𝑛

𝛺
= 81.1  ft.kip 
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Homework 
1-Using AISC requirements to determine the design moment capacity of W18x97 with 
A992 steel material if the laterally unsupported length (Lb=38ft), assume Cb=1.useLRFD 
method 

2- Consider the flexural requirements only to determine the allowable point live load (P), use 
A992 steel material and W10x77, neglected the self-weight effect. Use ASD method 

 

 

 

 

3-W 40x149 has continuous lateral support. If the live load is twice the dead load, what 
is the maximum total service load (W (k/ft)) that can be supported? Use A992 steel 
material and LRFD method. 

 

 

 

4- W 12x35 has continuous lateral support. The live load is 4k/ft and the dead load is 
2 k/ft including self-weight .Use A992 steel material and ASD method is the section 
adequate? 
 

 
 
 
 
 
 

5-Using AISC requirements to determine the design moment capacity of W12x58 steel 

beam has 20 ft long, use ASD method 

 
 
 

 
6- Consider the flexural requirements only to determine the allowable point live load (Pu), 

use A992 steel material and W10x77, The live load is 2k/ft and the dead load is1 k/ft, use 
LRFD method 

 

 30 ft 

W k/ft 

 

15 ft   15 ft  

P 

6 ft 
18 ft 

6 k/ft 

6 ft 

 20 ft 

15 ft   15 ft  

Pu 

W k/ft 


