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Abstract 

 In the current AISI specification, there are two different methods for calculating the 

effective widths of longitudinally stiffened elements. The first method “B4.1” applies solely to 

the element with only one intermediate stiffener, whereas the second method “B5.1” works only 

for those elements with more than one intermediate stiffener. Both methods are accurate in 

finding the design moments if used appropriately. Although two methods are developed to 

handle different cases, for some sections with one intermediate stiffener, the second method also 

works accurately, giving the same result as the first method does for calculating design moments. 

For some other sections with one intermediate stiffener, the multiple stiffener method when 

applied to the case of a single stiffened becomes different. These different sections can be 

distinguished with sets of parameters discussed herein. By comparing the design moments 

obtained with the same sets of parameters, one can predict when the two methods would have the 

largest difference and no difference in calculating the design moments and effective widths. 

  



1. Introduction 

The addition of longitudinal intermediate stiffeners to the compression flange can 

increase the flexural strength of the member significantly. The use of stiffeners is, however, 

unpractical without knowing the actual strength increase. Although sophisticated computer 

programs can accurately predict the strength increase, such methods are impractical for everyday 

use. In contrast, the AISI specification methods are useful shortcuts in obtaining the effect of 

stiffeners with a high degree of accuracy. The procedure to find the flexural strength of a 

member involves calculating the effective width of the compression flange. Because the 

elements under the compression loading do not experience the uniformly distributed stress due to 

the buckling of the member, the method of effective width is necessary. Finding the effective 

width of a compression flange without any stiffener is relatively easy. However, with the 

addition of intermediate stiffeners in compression elements, the stress distribution and effective 

width become more complicated. The procedure of finding the effective width of the 

compression flange with one or more intermediate stiffeners becomes more complicated, but 

with the help of studies and research, there are now two methods in AISI Specification which 

calculate the effective width of the compression elements with longitudinal stiffeners. These 

AISI Specification methods are “B4.1 Uniformly Compressed Elements with One Intermediate 

Stiffener” and “B5.1 Uniformly Compressed Elements with Multiple Intermediate Stiffeners.” 

Although not originally intended for the elements with only one intermediate stiffener, this study 

focuses on the applicability of B5.1 for the one stiffener case, comparing it with the B4.1 method 

and also with previously conducted nonlinear finite element analysis results. The ultimate goal of 

this study is to contribute to future or current studies that focus on finding one method that will 

eventually take both places of AISI methods, B4.1 and B5.1.   



2. Brief Presentations of AISI Specification B4.1 and B5.1 

I. AISI Specification B4.1 Uniformly Compressed Elements with One Intermediate 
Stiffener 

S = 1.28 fE /       (B4-1) 
For bo/t ≤  S 
 Ia = 0  

b = w       (B4.1-1) 
   As=A’s       (B4.1-2) 
  For bo/t > S 
   As = A’s(RI)      (B4.1-3) 

   n = 
3
1

12
/

583.0 ≥



 −

S
tbo     (B4.1-4) 

   k = 3(RI)n + 1      (B4.1-5) 
   RI = Is/Ia 1≤       (B4.1-6) 
 
   where 
   i) For S < bo/t < 3S 

Ia = 



 − 50

/
504

S
tbt o      (B4.1-7) 

 
   ii) For bo/t ≥  3S 

   Ia = 



 − 285

/
1284

S
tbt o     (B4.1-8) 

  The effective width, b, is calculated in accordance with Section B2.1(a).  
   



II. AISI Specification B5.1 Uniformly Compressed Elements with Multiple 
Intermediate Stiffeners 

The effective width, be = 







t

Agρ     (B5.1-1) 

The effective element is placed at the centroid of the entire element so that the 
neutral axis location is unaffected by eqn. B5.1-1. 
 
ρ  = 1   when λ ≤  .673    (B5.1-2) 
ρ  = (1- .22 / λ ) / λ when λ  > .673    (B5.1-3) 

λ = 
crF
f        (B5.1-4) 

Fcr = k
2

2

2

)1(12 







− ob

tE
µ

π       (B5.1-5) 

k = the minimum of Rkd and kloc    (B5.1-6) 
R = 2           when bo/h < 1    (B5.1-7)  

R = 
2
1

5
/11

≥
− hbo   when bo/h 1≥     (B5.1-8) 

B5.1.2 General Case: Arbitrary Stiffener Size, Location and Number 
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3. Summary of Cross-Sections 

The focus of this study is a hat shape section made of cold-formed steel. Although the AISI 

codes B4.1 and B5.1 apply to any shape with longitudinal stiffener(s), the hat section is the most 

commonly studied for this case. The compression flange of a hat section is a stiffened element, 

having webs on both sides. Its tension flanges also help eliminate factors such as torsion and 

tension failure since it increases the moment of inertia about y-axis and moves the neutral axis 

closer to the tension flange, causing the first yield to occur in the compression flange. 

 

 

Fig 3.1 Summary of Cross-Section 

 

The cross-sections used in this study are distinguished by three different parameters, the height 

of the web (hw), the width of the subelement of the flange (w), and the size of the stiffener (ws). 

The geometry of the stiffeners is defined as ds = 2ws . Although the length of the tension 

flanges could play a part as one of the parameters, it was kept constant to concentrate the study 

into the compression part of the section since the two codes are dealing with the effective widths 

of the flanges. In this study thirty sets of parameters were selected from earlier research (Schafer, 

1994), in order to compare the AISI values with the nonlinear FEA values. The following table 

summarizes the selected parameters. 



Table 3.1 Selected Sets of Parameters (dimensions in mm) 
w/t Ws ds hw wtf 
20 14.92 7.46 100 150 
30 17.48 8.74 100 150 
50 20.94 10.47 100 150 
70 23.48 11.74 100 150 
20 11.86 5.93 100 150 
30 13.88 6.94 100 150 
35 14.68 7.34 100 150 
45 16.02 8.01 100 150 
50 16.62 8.31 100 150 
70 18.64 9.32 100 150 
20 9.42 4.71 100 150 
30 11.02 5.51 100 150 
35 11.64 5.82 100 150 
50 13.2 6.6 100 150 
70 14.8 7.4 100 150 
30 17.48 8.74 50 150 
40 19.38 9.69 50 150 
50 20.94 10.47 50 150 
60 22.28 11.14 50 150 
70 23.48 11.74 50 150 
30 13.88 6.94 50 150 
40 15.38 7.69 50 150 
50 16.62 8.31 50 150 
60 17.68 8.84 50 150 
70 18.64 9.32 50 150 
30 11.02 5.51 50 150 
40 12.2 6.1 50 150 
50 13.2 6.6 50 150 
60 14.04 7.02 50 150 
70 14.8 7.4 50 150 

 
For the comparison between B4.1 and B5.1 690 trials were performed. These sets of parameter 

are the combinations of 6 flange width to thickness ratios, 4 web heights, and 30 stiffener 

widths/depths. The following summarizes the dimension of those parameters. 

Table 3.2. All Parameters 
w/t, width to 
thickness ratios 

20, 30, 35, 45, 50, 70 

hw, web 
heights (mm) 

25, 50, 100, 150 

ws, stiffener 
widths (mm) 

9.42, 11.02, 11.64, 11.86, 13.2, 13.88, 
14.68, 14.8, 14.92, 16.02, 16.62, 
18.64, 17.48, 20.94, 23.48 

 



4. Comparison with Nonlinear FEA predictions 

 Figures 4.1.1 and 4.1.2 given below provide a comparison of the AISI methods B4.1 and 

B5.1 with the ultimate strength predicted using nonlinear finite element analysis from Schafer 

(1994). The test-to-predicted ratio statistics, where in this case the “test” value is the nonlinear 

FEA analysis, are presented in the Table 4.1.1. 

Table 4.1.1 FEA-to-predicted statistics 

 MFEA/MB4.1 MFEA/MB5.1 
Avg 0.96 0.98 
COV 0.08 0.08 

 

The comparison between the values by the AISI codes and the nonlinear FEA predictions shows 

that both AISI B4.1 and AISI B5.1 are reliable for calculating the bending capacity of the hat 

shape sections with one intermediate stiffener. Although both codes are less than 5% different 

from the FEA values, surprisingly, B5.1 the multiple stiffener code has a better result as seen 

with the difference of only 2%. This means that B5.1 is a more reliable and better code than B4.1 

for any number of intermediate stiffeners in hat shape sections. From this limited data, it cannot 

be concluded whether B5.1 is reliable for all other sections with different shapes. However, it is 

known from previous studies that the most of the flexural members’ strengths are heavily 

depended on the effective width of the compression flange; therefore it is likely that the use of 

method B5.1 will be reliable for other cases as well. The only question left is AISI B4.1; why it 

is not as reliable as B5.1 and what makes it different from B5.1? The major difference between 

the two methods is the way in which one treats the area of a stiffener. The next study (parameter 

study with the comparison of two methods) includes more details on this difference.    

 



 
Figure 4.1.1 AISI B4.1 & B5.1 compared with nonlinear FEA. 

 
Figure 4.1.2 AISI B4.1 & B5.1 compared with nonlinear FEA. 

 



5. Parameter study comparing B5.1 to B4.1 

Though it appears reliable to use either of the two methods to obtain the effective width of an 

element with one stiffener, the differences between two methods must be studied in order to 

create a better method. To study the differences, the ratio B5.1 to B4.1 is plotted against two 

varying parameters per graph. One varying parameter that is always present in following graphs 

is the web height, hw. Table 3.2 summarizes the parameter varied in this study. 

 

Figure 5.1 MB5.1/MB4.1 against ho/bo. 

Although B4.1 and B5.1 are for finding the effective width of the flange part of the member, 

unlike B4.1 method, B5.1 method involves the height of web when determining the effective 

width of the flange as the following equations show,  

R = 
2
1

5
/11

≥
− hbo   when bo/h 1≥     (B5.1-8) 

R = 2           when bo/h < 1    (B5.1-7)  



k = the minimum of Rkd and kloc    (B5.1-6) 

Figure 5.1 shows that when bo/h 1≥  or h/ bo 1≤ , there are large number of disagreements 

between MB5.1 MB4.1, as they do not coincide with each other. It seems R is one of the main 

driving factors that are responsible for the difference of two methods. In other words, both 

methods will produce similar values for the flexural strength for the sections that are “tall” and 

“narrow.”  

 

Figure 5.2 MB5.1/MB4.1 against h/ws. 

As mention before, one major difference between B4.1 and B5.1 is the way they treat the area of 

stiffener. In B4.1 the area of stiffener is kept out of the calculation of the effective width, but 

used throughout the rest of flexural strength calculation, locating the neutral axis and calculating 

the effective moment of inertia. Unlike B4.1, in B5.1 the area of stiffener is absorbed into the 

effective width of the flange as its area is reduced by ρ, reduction factor, together with the flat 



subelements. Although B5.1 places the effective element at the centroid of the original element 

to be consistent in calculating the neutral axis, the absorption of the area of stiffener can have 

large effect on the moment of inertia of the whole section and therefore on the flexural strength. 

This effect is apparent when the size of stiffener is very small or very large. In Figure 5.2, each 

group with different web height forms a trend which shows that the difference between MB5.1 and 

MB4.1 increases as the size of stiffener increases or decreases away from the medium size, except 

for the group with hw=25, because in this case the stiffener width is small relative to the whole 

section. B5.1 produces higher flexural strength values when the relative size of the stiffener is 

small and lower strength values for relatively large stiffeners.  

 

Figure 5.3 MB5.1/MB4.1 against stiffener ws/bo. 

 



A large stiffener in a small flange will give similar values for the two methods and a small 

stiffener will give higher values for B5.1 except for the small web height because of the R factor. 

It is also apparent in Figure 5.3 that smaller web height groups slowly stray away from 

B5.1/B4.1=1 as the stiffener becomes too large.  

 

Figure 5.4 Combination of Figure 5.1 and Figure 53 

This figure is the combination of the first graph (Figure 5.1) and third graph (Figure 5.3). The 

figure indicates that B4.1 and B5.1 will produce almost identical values for the “tall” and 

“narrow” sections with large stiffeners, and very different values for the “short” and “wide” 

sections with small stiffeners.  



 
Figure 5.5 MB5.1/MB4.1 against Ia/Is ∗  ho/bo 

6. Conclusions and Recommendations 

This study shows that it is unnecessary for AISI Specification to have two different procedures 

for calculating the effective widths of the elements with one or more stiffeners because AISI 

B5.1, the current procedure for multiple stiffeners, is reliable for both cases of one stiffener and 

multiple stiffeners. Replacing AISI B4.1 with B5.1 is possible. The comparison of B4.1 and B5.1 

to finite-element analysis shows that B5.1 is slightly more reliable than B4.1 procedure in the 

overall perspective. However, the parameter study shows that B4.1 and B5.1 can each produce 

flexural strength values with up to 10% difference, though they both are reliable in the 30 

selected parameters cases considered here. To ensure applicability of B5.1 in one-stiffener cases, 

new studies could focus on the parameters which produce the large differences between B4.1 and 

B5.1, and determine which procedure is more reliable by comparing to FEA, other numerical 

analysis values, or experiments. 



Appendix I: Design Examples 

1. AISI B4.1 Method 
Parameters: 
n=1, w/t=70, ws=23.48mm, ds=11.74mm, hw=100mm, wtf=150mm, Fy=345MPa 
E=203400MPa, w = 63.63mm 

 
Figure 1 Actual Elements. 

 
1. Calculating the effective width of the compression flange. 
 (B4.1 Uniformly Compressed Elements with One Intermediate Stiffener) 
 
bo = (n+1)(w) +(n)ws = 150.74mm   
bo/t = 165.8306 
 
Assuming that f = fy  

S = 1.28 
f
E  = 31.0796 

bo/t > (3S = 93.1472)   
 

Ia = t4 [128
S

tbo /
 – 285] = 272.1656 mm4     (B4.1-8) 

Is = 2 ( )





























+ 3

2

2 2
12
1 ds

ds

ws
tt  = 346.6825 mm4 

n = 



 −

S12
 /t)(b

583. 0  =  0.178426 ≥  
3
1    n= 

3
1                          (B4.1-4) 

 
RI = Is/Ia = 1.2738  ≤  1   RI = 1      (B4.1-6) 
 



k = 3(RI) n  + 1 = 4.25 ≤  4 k=4      (B4.1-5) 

Fcr   = k
2

2

2

)1(12








− w
tE

µ
π = 150.0731 MPa     (B2.1-5) 

λ =  
crF
f  = 1.5162        (B2.1-4) 

ρ = (1-0.22/λ )/λ  = .56384     when  λ  > .673    (B2.1-3)  
 
b = ρ w  = 35.8773 mm       (B2.1-7) 
 
2. Locating Neutral Axis with an assumption that the web is fully effective 

 
Figure 2 Effective lengths with fully effective web. 

 

Element 
Effective Length L 

(mm) 

Distance from Top 
Fiber y  
(mm) 

Ly 
(mm2) 

1 299.091 100.4545 30045.04
2 1.818 100.4545 182.6263
3 198.182 50.4545 9999.174
4 1.818 0.4545 0.826281
5 71.7546 0.4545 32.61247
6 33.20572 6.3245 210.0096

Total 605.8693  40470.29
 

ycg = 
∑
∑

L
Ly)(

 = 66.79705mm  > 50
2

=
hw

mm 

Since the distance ycg is more than the half depth of h, 100mm, the neutral axis is closer to the 
tension flange and, therefore, the maximum stress occurs in the compression flange.  
Therefore the assumption f=fy is valid in this case. 



 
 
3. Check the effectiveness of the web. 
 (B2.3 of AISI Spec) 

f1= 345 MPa340.3051
66.79705
65.88805

=





  

f2= -345 MPa-171.49
66.79705
33.20295

=





  

=ψ   /ff 12  = 0.50393       (B2.3-1) 
k = 4+2(1+ψ )3 +2(1+ψ ) = 13.81105     (B2.3-2) 

Fcr = k 
2

2

2

)1(12








− h
tE

µ
π  = 216.604MPa     (B2.1-5) 

 

λ =  
crF
f  = 1.26205> .673       (B2.1-4) 

ρ = (1-.22/λ )/λ  = 0.65424       (B2.1-3) 
be = ρ w  = 64.829mm  when  λ  > 0.673    (B2.1-7) 
  
ho/bo = 0.66339 ≤   4 
b1= be/(3+ψ ) = 18.5018mm       (B2.3-3) 
b2= be/2 = 32.4145mm  when  ψ  > 0.236    (B2.3-4) 
b1+ b2 =50.9163mm 
Since the (b1+ b2) is less than 65.88805 , the compression part of the web, the web element is not 
fully effective as assumed. Additional iterations are required to relocate the neutral axis. 

Figure 3 Effective lengths with partially effective web. 
 
 



 
 
 
 
 

Element 
Effective Length L 

(mm) 

Distance from Top 
Fiber y 
(mm) 

Ly 
(mm2) 

1 299.091 100.4545 30045.04
2 1.818 100.4545 182.6263
3 131.235 67.1913 8817.84
4 37.0036 10.1599 375.953
5 1.818 0.4545 0.826281
6 71.7546 0.4545 32.6125
7 33.20572 6.3245 210.0096

Total 575.926  39664.9
 

ycg = 
∑
∑

L
Ly)(

 = 68.8716 mm 

f1= 340.447MPa 
f2= -155.93MPa 

=ψ   /ff 12  = 0.458        (B2.3-1) 
k = 4+2(1+ψ )3 +2(1+ψ ) = 13.1151      (B2.3-2) 

Fcr = k 
2

2

2

)1(12








− h
tE

µ
π  = 205.6039      (B2.1-5) 

 

λ =  
crF
f  = 1.29537> .673       (B2.1-4) 

ρ = (1-.22/λ )/λ  = 0.64087       (B2.1-3) 
be = ρ w  = 63.5043  when  λ  > 0.673     (B2.1-7) 
  
b1= be/(3+ψ ) = 18.3643mm       (B2.3-3) 
b2= be/2 = 31.7522mm  when  ψ  > 0.236    (B2.3-4) 
b1+ b2 =50.1165mm 
Because the new (b1+ b2) is less than the previous (b1+ b2) by 1.6%, additional iterations are 
required. 
After few more iterations,  
f= 340.473MPa  
λ  = 1.30174 
b1= 18.3387mm        
b2= 31.6285mm 
ycg =69.2771mm 
 
4. Moment of inertia and section modulus. 



      i. about its own center axis 

I1 = 
12
1 (149.5455)(.909)3 = 9.36017 mm4 

I2 = 
12
1 (.909)(.909)3 =0.053895 mm4 

 

I3 = 
12
1 (.909)(62.30735) 3=18362.049 mm4 

 

I4 = 
12
1 (.909)(18.32338) 3=467.183 mm4 

 

I5 = 
12
1 (.909)(.909) 3=.0056895 mm4

 

 

I6 = 
12
1 (35.8476)(.909) 3=2.2456 mm4 

 
I7 = Is =  346.6825 mm4 

 

∑ I  = IZ = 38028.6 mm4 

 
 
     ii. the actual moment of inertia 
 Iz  + ∑ )( 2Ly (t) - ( )∑L ( ycg)2(t)  =  Ix  = 857155.17mm4 
 

 Sx = 
cgy
xI

 = 12372.851 mm3 

 
5. Calculating Nominal Moment. 
 Mn =  SxFy = 4.268634 kN-m 
 
 
 
 
 
 



2. AISI B5.1 Method 
Parameters: 
n=1, w/t=70, ws=23.48mm, ds=11.74mm, hw=100mm, wtf=150mm, Fy=345MPa 
E=203400MPa, w = 63.63mm 

 
Figure 1 Actual Elements. 

 
 
 
 
1. Calculating the effective width of the compression flange. 
 (B5.1 Uniformly Compressed Elements with One Intermediate Stiffener) 
 
bo = (n+1)(w) +(n)ws = 150.74mm   
bp = w = 63.63mm 

kloc= 4 =









2

p

o

b
b

22.449       (B5.1.2-1) 

Is = 2 ( )





























+ 3

2

2 2
12
1 ds

ds

ws
tt  = 346.6825 mm4 

 
Isp = Is + Asd2 = 346.6825 + 30.1840(5.87)2 = 1386.73 mm4 

3

)(92.10
tb
I

o

isp
i =γ  = 1γ = 3)909)(.74.150(

)767.1387(92.10  = 133.7502   (B5.1.2-4) 

iω = sin2(
o

i

b
c

π ) = 1ω  = 1, c1= w + ws/2 = 75.37    (B5.1.2-5) 

iδ =
tb

A

o

is )(
 = 0.22028        (B5.1.2-6) 
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  = 24.1376      (B5.1.2-2) 

R = 
2
1

5
/11

≥
− hbo   when bo/h 1≥  R = 1.89575    (B5.1-8) 

k = the minimum of Rkd and kloc k=min(45.75905, 22.449)=22.449 (B5.1-6) 

Fcr=k
2

2

2

)1(12 







− ob

tE
µ

π = 150.069MPa     (B5.1-5) 

λ =  
crF
f = 1.51622        (B5.1-4) 

ρ = (1-0.22/λ )/λ  =0.5638 when  λ  > 0.673    (B5.1-3) 

be= ρ (
t

Ag ) = 90.4765mm       (B5.1-1) 

2. Locating Neutral Axis with an assumption that the web is fully effective 
* calculating the location of the flange.( the centroid of the original flange element) 

 yf= 
[ ]

[ ]))(()1()(

)
2

())(()1()
22

)((

twnAn

ttwndstAn

s

s

++

+++
 = 1.65280 mm (from top fiber) 

 

 
Figure 2 Effective lengths with fully effective Web. 

 
 



 
 
 

Element 
Effective Length L 

(mm) 

Distance from Top 
Fiber y  
(mm) 

Ly 
(mm2) 

1 299.091 100.4545 30045.04
2 1.818 100.4545 182.6263
3 198.182 50.4545 9999.174
4 1.818 0.4545 0.826281
5 90.4765 1.65280 149.4174

Total 591.3855  40377.2

ycg = 
∑
∑

L
Ly)(

 = 68.27561mm  > 50
2

=
hw mm 

Since the distance ycg is more than the half depth of h, 100mm, the neutral axis is closer to the 
tension flange and, therefore, the maximum stress occurs in the compression flange. Therefore 
the assumption f=fy is valid in this case. 
 
3. Check the effectiveness of the web. 
 (B2.3 of AISI Spec) 

f1= 345 MPa340.4068
68.27561
67.36661

=





  

f2= -345 MPa-160.305
68.27561
31.72439

=





  

=ψ   /ff 12  = 0.47092       (B2.3-1) 
k = 4+2(1+ψ )3 +2(1+ψ ) = 13.30685     (B2.3-2) 

Fcr = k 
2

2

2

)1(12








− h
tE

µ
π  = 208.633MPa     (B2.1-5) 

 

λ =  
crF
f  = 1.285931> .673       (B2.1-4) 

ρ = (1-.22/λ )/λ  = 0.644605       (B2.1-3) 
be = ρ w  = 63.87457mm  when  λ  > 0.673    (B2.1-7) 
  
b1= be/(3+ψ ) = 18.40277mm       (B2.3-3) 
b2= be/2 = 31.93729mm  when  ψ  > 0.236    (B2.3-4) 
b1+ b2 =50.34006mm 
Since the (b1+ b2) is less than 67.36661mm, the compression part of the web, the web element is 
not fully effective as assumed. Additional iterations are required to relocate the neutral axis. 



 
Figure 3 Effective lengths with partially effective web. 

 
 

Element 
Effective Length L 

(mm) 

Distance from Top 
Fiber y  
(mm) 

Ly 
(mm2) 

1 299.091 100.4545 30045.04
2 1.818 100.4545 182.6263
3 127.3234 68.16916 8679.526
4 36.80554 10.11038 372.1182
5 1.818 0.4545 0.826281
6 90.4765 1.65280 149.4174

Total 557.3324  39429.67

ycg = 
∑
∑

L
Ly)(

 = 70.74714mm 

f1= 340.5672MPa 
f2= -142.652MPa 

=ψ   /ff 12  = 0.41887       (B2.3-1) 
k = 4+2(1+ψ )3 +2(1+ψ ) = 12.55061     (B2.3-2) 

Fcr = k 
2

2

2

)1(12








− h
tE

µ
π  = 196.684MPa     (B2.1-5) 

 

λ =  
crF
f  = 1.324418 > .673       (B2.1-4) 

ρ = (1-.22/λ )/λ  = 0.629627       (B2.1-3) 
be = ρ w  = 62.39035mm  when  λ  > 0.673    (B2.1-7)  
b1= be/(3+ψ ) = 18.24884mm       (B2.3-3) 



b2= be/2 = 31.19518mm  when  ψ  > 0.236    (B2.3-4) 
b1+ b2 = 49.44402mm 
Because the new (b1+ b2) is still significantly less than the previous (b1+ b2), additional iterations 
are required. 
After few more iterations,  
f= 340.5977MPa  
λ  = 1.33182 
b1= 18.2201mm        
b2= 31.0562mm 
ycg = 71.2358mm 
4. Moment of inertia and section modulus. 
      i. about its own center axis 

I1 = 
12
1 (149.5455)(.909)3 = 9.36017 mm4 

I2 = 
12
1 (.909)(.909)3 =0.053895 mm4 

 

I3 = 
12
1 (.909)(59.77326) 3=16215.5mm4 

 

I4 = 
12
1 (.909)(18.20466) 3=458.176mm4 

 

I5 = 
12
1 (.909)(.909) 3=.0056895 mm4

 

 

I6 = 
12
1 (90.4026)(.909) 3=5.66299mm4 

 

∑ I  = IZ = 33371.8mm4 
 
       ii. the actual moment of inertia 
 Iz  + ∑ )( 2Ly (t) - ( )∑L ( ycg)2(t)  =  Ix  = 797649.63mm4 
 

 Sx = 
cgy
xI

 = 11197.3mm3 

5. Calculating Nominal Moment. 
 Mn =  SxFy = 3.863067 kN-m 
 
 



Appendix II: Verification Studies 

Although the numerical outputs of B4.1 and B5.1 don’t exactly match with those of CFS due to 

the section’s corner properties, the following comparison shows that the output values of B4.1 

and B5.1 are in a reasonable range with CFS. 

Table 1 Comparison with CFS predictions. 

Parameters (mm) B4.1 B5.1 CFS 
w/t ws ds hw wtf Mn (kN-m) 
20 14.92 7.46 100 150 2.8231 2.8225 2.8382
30 17.48 8.74 100 150 3.5043 3.5031 3.5290
50 20.94 10.47 100 150 4.0252 3.8017 3.8360
70 23.48 11.74 100 150 4.2686 3.8631 3.8978
20 11.86 5.93 100 150 2.7042 2.7041 2.7174
30 13.88 6.94 100 150 3.3690 3.3688 3.3916
35 14.68 7.34 100 150 3.5620 3.5226 3.5511
45 16.02 8.01 100 150 3.7869 3.6501 3.6802
50 16.62 8.31 100 150 3.8472 3.6887 3.7193
70 18.64 9.32 100 150 4.0096 3.7695 3.7999
20 9.42 4.71 100 150 2.6059 2.6061 2.6176
30 11.02 5.51 100 150 3.2568 3.2571 3.2777
35 11.64 5.82 100 150 3.3986 3.4126 3.4385
50 13.2 6.6 100 150 3.6014 3.5940 3.6219
70 14.8 7.4 100 150 3.7303 3.6901 3.7179
30 17.48 8.74 50 150 1.5907 1.5875 1.6054
40 19.38 9.69 50 150 1.7325 1.6849 1.7097
50 20.94 10.47 50 150 1.8129 1.7209 1.7480
60 22.28 11.14 50 150 1.8691 1.7397 1.7684
70 23.48 11.74 50 150 1.9113 1.7502 1.7807
30 13.88 6.94 50 150 1.5418 1.5404 1.5556
40 15.38 7.69 50 150 1.6812 1.6430 1.6640
50 16.62 8.31 50 150 1.7497 1.6846 1.7071
60 17.68 8.84 50 150 1.7867 1.7079 1.7315
70 18.64 9.32 50 150 1.8156 1.7222 1.7467
30 11.02 5.51 50 150 1.4989 1.4986 1.5119
40 12.2 6.1 50 150 1.6104 1.6049 1.6236
50 13.2 6.6 50 150 1.6495 1.6510 1.6708
60 14.04 7.02 50 150 1.6792 1.6780 1.6984
70 14.8 7.4 50 150 1.7030 1.6954 1.7164

  
Summary of CFS 

• CFS version 5.0.2 
• Procedure: NAS B5.1 
• Thickness = 0.909 mm, Default inside radius = 0.0mm 
• Modulus of Elasticity = 2.034 ×  105 MPa, Yield Stress = 345 MPa 



Appendix III: Terms 
 
As = reduced area of stiffener 
As’ = actual area of stiffener 
b = effective width 
bo = total length of the flange element 
bp = length of the largest flat subelement 
ds = depth of stiffener 
f = applied stress 
Fy = minimum steel yield stress 
hw = height of web 
ho = inner length of web 
Ia = adequate moment of inertia of stiffener 
Is = actual moment of inertia of stiffener 
k = buckling coefficient 
t = design thickness 
w = width of subelement 
ws = width of stiffener 
wtf = width of tension lip 
ρ = reduction factor 
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