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DEVELOPMENT OF PERFORMANCE SECTIONS FOR COLD-FORMED 
STEEL RESIDENTIAL CONSTRUCTION 

by 

Zsolt V. Némedi 

(ABSTRACT) 

The wider use of cold-formed steel framing is hindered by the lack of generic 

sections. This study puts forth an effort to develop a performance section designation 

code without specifying the geometry of the sections. A PC-based program to analyze C- 

section was developed and used to produce typical Performance Section Tables for both 

wall studs and joists. 

For curtain walls the Uniform Lateral Load Capacity Tables and for bearing walls 

the Axial Load with Specified Lateral Load Tables, the Strong Axis Axial Load Capacity 

Charts, and the Weak Axis and Torsional Axial Load Capacity Charts were developed. 

The typical design aids for roof/floor joists include the Uniform Load Capacity Tables for 

single and two continuous spans, the Moment-Shear Interaction Capacity Charts, and the 

Web Crippling Capacity Tables. Design examples are provided to illustrate the usage of 

the above tables and charts.
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CHAPTER I 

INTRODUCTION 

1.1 Purpose of Study 

The use of light gauge steel framing (LSF) is growing in popularity in the 

residential construction market especially for multi-family housing and nursery homes 

(Steel Framing and Roofing Opportunities 1992). In 1987, LSF only covered two percent 

of the market but it has a potential for much more (Walls and Ceilings, 1987). 

Fire resistance and low maintenance cost of steel walls provide substantial 

advantages over both wood framing and masonry. Pre-punched holes allow easier 

installation of pipes and conduits and placing insulation in stud cavities makes thermal 

performance excellent. In price, LSF can be competitive with wood or masonry 

construction; in areas with expensive labor costs it might even be cheaper. Cold-formed 

steel wall studs - especially in the southern states - can also benefit from problems 

associated with lumber like termite infestation, rot decay, and shrinkage. 

Steel roofing and floor systems - despite their relatively higher cost - also have 

their advantages. Similar to metal framing, they possess good maintenance and fire 

resistance characteristics and their better performance makes them favorable in areas with 

bad environmental conditions like snow build up, high wind and, intense sun exposure. 

Cold-formed metal roofing also has lighter weight and in certain areas regional aesthetic 

preferences can be beneficial also (Steel Framing and Roofing Opportunities 1992).



Light gauge metal sections are adaptable to numerous different structural systems. 

Floor joists can rest on concrete or masonry walls; load bearing studs can support steel 

joists, wood trusses or concrete slabs. 

To further increase cold-formed steel popularity and usability, generic guidelines 

should be developed, minimizing engineering analysis, making design more uniform and 

increasing the number of off-the-shelf components which would be available all over the 

country. Today each manufacturer has optimized cross-sections available for various 

purposes. The number of different, specifically developed, innovative and highly 

optimized cross-sections on the market is extremely high*. On one hand the ability to do 

this is a very positive feature of cold-formed steel. On the other hand, it does not allow 

the designer to specify generic sections with required structural properties and makes pre- 

engineered design impossible. 

There are two basic ways to overcome this hindrance. First, one could specify 

generic sections with prescribed geometry such as thickness, radii, lip length, etc. This 

approach would certainly make the market more uniform but its drawbacks are far larger 

then the advantages. The construction industry could no longer use its optimized sections 

and existing tooling and machinery might become obsolete. 

A second, more promising approach is to develop performance section 

designations, similarly to what is already used in the open-web steel joist industry. No 

geometry, only certain performance requirements would be specified and published. 

Existing sections can simply be renamed in accordance with the new designation code, or 

manufacturers can develop new sections in any number of ways to make their products 

more competitive. Designers then can specify desired performances using the new 

designation system. 

  

“A survey of 17 companies found that over 410 different studs and 280 different joists are produced.



The intent of this research is to provide the above outlined performance section 

tables and a set of design aids for wall studs and roof/floor joists. 

1.2. Description of Wall Stud and Floor/Roof Joist Systems 

Light gauge steel sections can be used in many different ways. Figure 1.1 shows 

how studs, joists, tracks, channels and angels are utilized in an all-metal building. 

1.2.1 Wall Studs 

Vertical framing elements are commonly referred to as wall studs. They can be 

used in curtain-walls on exterior of buildings to resist lateral (wind) loads or as axial load 

bearing studs on the inside or outside of the structure to support floor and roof loads. The 

thickness of these sections generally ranges from 20 to 12 gauge (0.030 in. to 0.105 in.). 

The 25 gauge drywall studs systems are used for interior walls to withstand small lateral 

loads, usually without axial loads. In Figure 1.1 one can see exterior axial load bearing 

studs which are also subjected to lateral loads. 

Wall studs frame into tracks which restrain rotation and horizontal displacement of 

the stud ends. All wall studs subjected to lateral loads require horizontal bridging. The 

purpose of bridging is multi-fold; it keeps the studs straight, helps resisting various forces 

and impacts under construction, and provides added stability against weak axis and 

torsional buckling. The most common type of bridging is a channel inserted through the 

knock-outs of the stud webs (Fig. 1.2a), but X-bridging (Fig. 1.2b), or straps are also 

acceptable.



      
 
 
 
 

a Cei ng joist . 2 * 
... (bridging not shown) 

 
 

Roof rafter.” 
So (bridging notshown) . 

Axial load, 

   

a" Stair opening with: 

bearing stud 

Header joist 
Trimmer joist 

; reinforced to 
~~ Suit opening 

Tail joist 

        
 
 
 
 

 
 

 
       

Wall stud bridging 

bridging with” 
Floor joist 

biocking-in 

“Floor joist with 

 
 

web stiffeners 
° at supports 
_“ (not shown) 

 
 
 
 

 
 

 
 

 
 

  

 
 

Cross 
bracing a ee 

 
 

 
 

  
  Lintel 

Window 
head 

  
  

  Window sill 

 
 

Bottom 
track 

      Concrete stop 
> or subfloor 
. edge support 

 
 

Typical LSF Building igure * 
. 3 F 

with platform construction 

ing 1 Typical Light Gauge Steel Buildi 1 igure F 

1988) (from CSSBI,



P COLD—ROLLED CHANNEL. 
HORIZONTAL BRIDGING 

" TO BE SPACED AS REQ’D. 
CLIP ANGLE, 1/4° LESS THAN BY DESIGN 

STUD WIDTH. ATTACH WITH 
4 SCREWS AS SHOWN. 

W
w
e
 

—     
a Bridging with Channel 

LD f
 

X—BRIDGING 

tt yw 
Le . 

SL ———! 
-\~—— _

f
 

f
 
j
f
 

x
f
.
 e—
 

A
H
       

SCREWS AS REQ’D. / 

b X-bridging 

      
Figure 1.2 Typical Wall Stud Bridgings 

(from AISI Construction Details)



To withstand forces parallel to the plane of the wall, which may result from wind 

or seismic loading, adequate bracing is required. The most effective way to provide this 

in-plane stiffness is by means of diagonal straps welded to the flanges of the studs and 

anchored at the ends. Since these straps carry tension loads only, they are normally used 

in both diagonals (Fig. 1.1). 

Light gauge steel walls may be covered with various types of sheathing providing 

adequate to less then adequate lateral support. For interior, walls usually 3/8 to 5/8 inch 

thick gypsum boards are applied, which restrain studs against weak axis or torsional 

buckling giving additional axial strength. In the case of exterior walls, sheathing boards, 

cement stucco, bricks, plaster, etc. may also be attached to the studs. 

1.2.2 Joists 

Cold-formed joists are horizontal or inclined structural elements resisting floor and 

roof loads. The usual range of thickness range is the same as for wall studs 20 - 12 gauge, 

but their flange width is larger; 2 - 3 in. as opposed to 1 1/4 - 1 3/4 in. for studs. 

Floor joists are supported by the top track and usually aligned with the wall studs 

(Fig. 1.1). Rafters can be attached to the joists (Fig. 1.3), or to clip angels resting on the 

top track. For bridging, channels (Fig. 1.3), or X-bracing can be used. 

In case of large spans and/or high web height/thickness ratios web crippling may 

be a problem. Track or wall stud along the whole depth of the joist can be used to 

increase strength (Fig. 1.4b). 

Joists can be covered with metal deck, concrete floor or plywood. At the stud- 

joist connection, angles prevent concrete from pouring into the stud cavities (Fig 1.1). 

For single spans the concrete floor provides continuous support all along the top (tension)
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flange. Figure 1.4a shows details of support of two adjacent single spans. For the 

negative moment zones of continuous spans (Fig 1.4b), however, additional bridging is 

required to prevent joists from lateral torsional buckling. If the joists are not long enough 

to bridge two or more spans, lapping can be used to provide adequate continuity. 

1.2.3 Scope of Study 

Through the next five chapters this study will describe the development of 

performance sections and related tables. The computer program wnitten for the purpose 

of analyzing cold-formed C-sections is dealt with in detail in Chapter II. The performance 

section tables for wall studs and joists are included in Chapter III. The next chapter 

contains the developed design aids for wall studs: 

e uniform lateral load capacity tables, 

e axial loads capacity with specified lateral loads tables, 

e strong axis axial load capacity charts, and 

e weak axis and torsional axial load capacity charts. 

Chapter V provides further information about joists such as; 

e uniform load capacities for single span, 

e uniform load capacities for two continuous spans, 

e¢ moment-shear interaction capacity charts, 

e web crippling capacity tables. 

The last chapter gives a short summary of the work done.



CHAPTER I 

PROGRAM FOR ANALYZING COLD-FORMED C-SECTIONS 

2.1 General 

The initial effort in this study was to develop a computer program for analyzing 

cold-formed sections. The program computes various properties and capacities of a cold- 

formed C-section with or without lips (Fig. 2.2), without taking the effects of cold 

forming into account. The program is written in QuickBasic, based on the 1986 

Allowable Stress Design Edition of Cold-Formed Steel Design Specification (AISI Cold- 

Formed Steel Design Manual, 1986). It has a modular structure, each distinct set of 

calculations being performed by different subroutines. The main and sub-functions of the 

code are the following: 

e input 

e¢ computation 

e section properties 

e flexural capacity 

e shear capacity 

e compression capacity 

e output 

e screen 

e graphics 

e numerical data 

e printer 

10



|_START_] 
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2. Compute a new section 
3. Exit 

1,2 

Figure 2.1 Flow Chart Of The Program 
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Inputting the required data is carried out solely by one subroutine. Usually the 

same applies to the output, but that would require passing too many variables. Another 

approach is when each computing module displays the just determined relevant data on the 

screen or printer, and this way only those variables have to be passed (i.e. included in the 

parameter list of the subroutine) which will be used later on. 

Figure 2.1 shows the flowchart of the main routine. If at the end, the ‘Send output 

to printer’ option is selected, the program, since for the above outlined reasons it does not 

store and pass every variable, goes back to the beginning and recomputes everything but 

this time it uses the printer and not the screen for the output. In that case, the same data is 

used as previously and the INPUTDATA subroutine is be skipped. 

The complete program listing is enclosed in Appendix A. A Load and Resistance 

Factor Design version, which for the most part requires only minor changes, was also 

developed. 

2.2 Description Of The Subroutines 

The structured program format and the large number of comments provided makes 

the code clear and easy to comprehend. An additional feature of each subroutine is that at 

the beginning a brief description and a complete list of the variables used is given. 

2.2.1 Inputting The Data 

This function is performed by the INPUTDATA subroutine. The information 

needed for the further computation is the following: 

12



e yield strength of steel 

e .depth of section (A') 

e width of flange (B') 

e length of lip (C’) 

e radius of corners (R) 

e material thickness (t) 

e buckling length 

As it is illustrated on Figure 2.2 these are outside dimensions with the exception of 

the radius of the corners. 

2.2.2 Computing The Sectional Properties 

Subroutine COMPsecprop computes the sectional properties based on the 

Supplementary Information Section 1.2.2 of the 1986 Cold-Formed Steel Design Manual. 

In the second part the program plots the section on the screen and marks the relevant data 

with dimension lines. It displays the computed properties on the right side of the screen or 

sends it to the printer depending on the active output mode. 

2.2.3 Determining The Flexural Capacity 

Before discussing subroutine COMPflexcap - the longest and most complex part of 

the program - one must have a look at its auxiliary routines. 

2.2.3.1 Subroutine COMPeffwidth 

This routine (Fig. 2.3) is used for computing the effective width of elements under 

the following conditions: 

13



    

    

    

                

    

  

  

      

  

      

            

  

    

L- B SJ L- B ~ 
Ss 7 Ss 7 

LN K 7 = 
< (Ke Cc 

A’ A 

t 

WV. we WV KE 

Figure 2.2 C-section With And Without Lips 

1.052 Ww f 

k= “Tk + VE 

0 > 0.673 > 

yes no 

reduction no reduction 

p=(1-0.22/A)/A p=1 

Z | 
< 

be=p xw 
      

Figure 2.3 Flow Chart Of Subroutine COMPeffwidth 

(See page 94 for explanation of variables) 

14



e uniformly compressed stiffened elements (Sect. B2.1) 

e.g. web, if section is subjected to compression 

e uniformly compressed unstiffened elements (Sect. B3.1) 

e.g. flange if there is no lip and section is in bending or compression, 

lip if section is in compression 

e edge stiffeners with stress gradient (Sect. B3.2) 

e.g. lip if section is subjected to bending 

e uniformly compressed elements with edge stiffeners (Sect. B4.2) 

called from subroutine COMPflange after the calculation of the 

plate buckling coefficient (k) 

e.g. flange in bending or compression 

e stiffened element with stress gradient (Sect. B2.3) 

called from COMPweb after the computation of k and the 

appropriate stress level (f) 

e.g. web in bending 

2.2.3.2 Subroutine COMPflange 

This routine (Fig 2.4) computes the effective width of a uniformly compressed 

stiffened element based on Section B4.2. 

If w/t, the ratio of the flat width to the thickness, is small enough (Case I) there is 

no reduction to either the flange or to the lip. On the other hand if w/t exceeds a certain 

number (Case II and III), the plate buckling coefficient (k) and then the slenderness (A) 

must be calculated (by calling the previously described subroutine COMPeffwidth) to 

determine if the flange and lip are fully effective or not. 

15
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2.2.3.3 Subroutine COMPweb 

This routine (Fig. 2.5) computes the location of the neutral axis and the effective 

portions of the web based on Section B2.3. 

The program assumes that the web is fully effective. If the assumption is correct 

the program returns to the main routine, if not iteration is needed to find the effective 

portions of the web. The approximation continues until the difference between two 

consecutive values of b, + b, is less the one percent. 

2.2.3.4 Subroutine COMPflexcap 

The previously described smaller routines are controlled by this subroutine 

(Fig. 2.6). 

After plotting the section on the screen, the effective width of the flange (b,) and 

the reduced effective width of the lip (d,) is computed. By comparing these values to the 

flat widths (b, c), it can be determined whether they are fully effective or not. The 

appropriate message is then printed on the screen or printer. Next, the program 

determines the neutral axis and the effectiveness of the web. After analyzing every 

element of the section, the effective moment of inertia (I,,), the section modulus (S,.), the 

nominal and the allowable moment capacities (M,, M,) are computed. 
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START SUB       
  

  

  

  

      

    

      

  

Ny 
7 

no yes assuming web 
Is this the is fully effective 
first loop ? 

The two separate eff. The whole flat width of 
parts of the web (b,, b,) the web (a) can be 
are used for the neutral used for the neutral 

axis calculation axis calculation 

| S Z | 
7 WL X 
  

  
Computing f,.f,ay and k 

    

    

  

    

  Compute b, and b,     

  

  

  

  
Iteration is needed to 

find eff. parts of the web         

  

     

  

  
    

  
Assumption correct, 
web Is fully effective     

    

       

    

Ny; \ 
7 

yy no b,+b, close Ny 
N to the previous 

yes < 

END SUB 
      

(Sect. B2.3) K 

call COMPeffwidth to 
compute effective a 

width of web sm 

          

Figure 2.5 Flow Chart Of Subroutine COMPweb 

(See page 98 for explanation of variables) 
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START SUB 

Plot and label section on screen 
  

     <Section with lip % 

  

  
Flange is ‘uniformly compressed 

unstiffened element’ :COMPeffwidth     

  

  

YY 

  

  

Print message ‘flange is fully 
effective’ on screen or printer       

\L 

no y 

N 

  

\ 
f 

   

   

  

Print message 'lip Is fully 
effective’ on screen or printer       

‘NL   S > 

  NS 
7 

  

    
Lip is 'unstiffened element with 

stress gradient’: call COMPeffwidth 
  

NY, 
  

  Flange Is ‘uniformly compressed ele- 
ment with edge stiffener’: COMPflange 
  

Z nz 

    

  
Print message ‘flange is not fully 
effective’ on screen or printer 
  

__¢ 
—/ 

ection with lip 

yes 

NY 

    

  
Print message ‘lip is not fully 
effective’ on screen or printer 
  

_¢ Ny 
N\ 

  

  
Call COMPweb fo find neutral axis 

and effective portions of the web     

  
7 

  

_ sv 

    

  
Plot and label uneffective 

parts on the screen 
  

_¢ Ny 
N\ 

| Calculate he Sre Mn» Mo | 
  

END SUB 

Figure 2.6 Flow Chart Of Subroutine COMPflexcap 

  

  

  

 



2.2.4 Determining The Shear Capacity 

Subroutine COMPshearcap (Fig. 2.8) calculates the shear capacity (V,) of the 

section based on Section C3.2 of the 1986 Cold-Formed Steel Design Specification. 

Depending on h/t (flat width to thickness ratio) either elastic or inelastic 

buckling governs. After yielding, the web can not carry any more shear therefore this 

value is the upper limit of the inelastic equation. 

It is interesting to note - looking at the three equations - how the contribution of 

the thickness becomes more significant and that of the yield stress less significant as the h/t 

ratio increases. 

Equation thickness yield stress 

yield: V, =0.4F ht t F 

inelastic buckling: —-V, = 0.380 Jk, FE 2 VE, 

elastic buckling: V, = 0.53EK,t°/h t3 - 

2.2.5 Computing The Compression Capacity 

Subroutine COMPcompcap (Fig. 2.7) computes the maximum allowable load the 

given section can carry based on Section C4 of the 1986 Cold-Formed Steel Design 

Specification. 

The structure of this routine is very similar to the structure of subroutine 

COMPflexcap. First the elastic buckling stress (F,) - the least of flexural, torsional and 

torsional-flexural buckling stresses - is determined, followed by the nominal buckling 

stress (F,), which is used for the effective area calculations. 
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START SUB 

Compute F, and Ff, | 
  

  

  

  

Fianges are ‘uniformly compressed 
unstiffened elements’ :COMPeffwidth   

    

    

  

  

Lips are ‘uniformly compressed 
unstiffened elements’ :COMPeffwidth 
  

nN 
  

  
Flanges are ‘uniformly compressed ele- 
ments with edge stiffener: COMPflange     

  

  

Print message ‘flanges are fully 
effective’ on screen or printer 

Z VY 
< 

    

    
NY ‘ 

? 
No 

    

    
_~ 
N\ 

  

    
Print message ‘flanges are not fully 

effective’ on screen or printer 
  

  

Print message ‘lips are fully 

effective’ on screen or printer   

Z Wy 
\ 

    

      

NY 5 
f 

S   
Print message ‘lips are not fully 

effective’ on screen or printer     

  >— 

  

Z wW 
‘\ 

  

  
Web is ‘uniformly compressed 

stiffened element’ :COMPeffwidth     

  

no yes 
| ifa<a 

  

Print message ‘web Is fully 
effective’ on screen or printer   

    

      

NL S 
7 

Print message ‘web is not fully 
effective’ on screen or printer     

_¢ NW 
  

} Calculate Agr, .R |   

END SUB 

Figure 2.7 Flow Chart Of Subroutine COMPcompcap



The lips and the flanges are handled the same way as for the flexural capacity 

determination with two differences. First the lips are uniformly compressed elements as 

opposed to elements with stress gradient. This does not change anything, since both 

Section B3.1 and B3.2 prescribe k = 0.43. The other, more significant change, is that in 

this case F, is used instead of the yield stress F,, and because F, < F, the section will now 

be more effective. 

The web is a uniformly compressed element, therefore its effective width can be 

determined simply by calling COMPeffwidth. The final step is to compute the effective 

area (A,,,) and the compression capacities (P,, P,). 

2.2.6 Graphical Subroutines 

Subroutine PLOTSEC plots the section proportionally on the left side of the 

screen, leaving enough room on the other side for numerical data. 

Subroutines SHOWSIZE and SHOWSIZE2 draw dimension lines and label them. 

2.3 Example 

Example 4.2 on page 128 of Cold Formed Steel Design by Wei-Wen Yu was 

solved by the program. Figures 2.9 through 2.11 show the screen output. The uneffective 

portions of the section shaded are. The printer output can be found on pages 25-27. 
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START SUB 

  

  
x= 1.38, /Ek/F 

  
  

    

  

Elastic buckling 

Vo = 0.53Ek,t°/h   
  

no iss yes 

  
  

  

Inelastic buckling 

VG = 0.3817 /kv FE   
  

if Va > 0.45, ht        
Inelastic buckling 

governs       

L 
? <E 

Print results on 
screen or printer 

END SUB 

  Z 

  

    
  

    

  
Yield governs 
Vo = 0.4F, ht 
  

Wy 

Figure 2.8 Flow Chart Of Subroutine COMPshearcap 

  

        

B 

Kk ——_#__» 
Vv i section Properties : (—>FF pection Fropemes 

/ A’=10.000 in a= 9.663 in 

Cc B= 3.500in b= 3.162in 
C’= 0.720 in c= 0.551 in 

R= 0.094 in t= 0.131in 
t = 0.075in u= 0.206 in 

A= 1.344 in? 

k= 20.532 in4 m= 3.909 in 

+ a 4 A Sx= 4,106 in3 

jem Je XM y= 2.035ind y= 1.231 in 
Syr= 0.792in3 — Syl=_2.184 in3 

1o= 4.733 in 

xh= 0.894 in m= 1.473 in 
c 

¥ Cw=39,267 ind 

Vv = 0,002519 in4 

Ld) _Jx W 
b 

——_———_—_>| 
Press any key to continue 

Figure 2.9 Computing Section Properties 
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-b 
>| jb © Computing Flexural Strength 

Comp. flange isn't fully eff. 

pl Tar, be= 2.229 in < b= 3.162 in 

Comp. lip isn't fully eff. 
ds= 0.113 in < d=0.551 in 

  
cg 

Assuming web is fully eff. 

b2 Assumption incorrect, 
- iteration needed. 

v Pye yeg bl+b2~ diff.% 

5.399 4.937 
5.460 4.900 0,752 
5.480 4.888 0.242 
5.487 4.885 0.077 

Ixe= 17.545in4 Sxe= 3.198 in3 

Mn=159.881 in-kips 
} Ma= 95.737 in-kips 

Ic > _s, Press any key to continue 

Figure 2.10 Computing Flexural Strength 

    
>| aa ‘ Shear and Axial Strength 

, Ne ae/ of, 5 
Vaz 3.645 kips 

Flexural buckling stress: 
(Fe)1= 47.848 ksi 

Tors.-flex. buckling stress: 
(Fe)2= 41.202 ksi 

Fe= 43,202 ksi == Fn= 34.831 ksi 

a Flanges are not fully eff. 
be= 2.588 in < b= 3.162 in 

Lips are not fully eff. 
ds= 0.135in < d=0.551 in 

Web is not fully eff. 
ae= 3.758 in < a= 9.663 in     Ae= 0.752 in2 

ae/2 

ye Comp. strength of section: 
Pa= 13.645 ksi 

le _> _s, 
Press any key to continue 

Figure 2.11 Computing Shear And Axial Strength 
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* 

* 
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* 

Program for computing the flexural, shear and axial capacity 
of a cC section based on the Allowable Stress Design 

* 

* 

* 

* 
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Material and Section Properties 
  

Yield strength of steel 

Effective length 

Depth of section 
Width of section 
Length of lip 
Inner radius of corners 
Thickness 

Flat portion of web 
Flat portion of flanges 
Flat portion of lips 
Midplane radius of corners 
Length of arc 

Area of cross section 

Moment of inertia about x 
Moment of inertia about y 

Radius of gyration about x 
Radius of gyration about y 
Polar radius of gyration 

Section modulus about x 
Section mod. about y (right) 
Section mod. about x (left) 

Dist. bw cent. and web centerline 

Dist. bw shear cent. and web cl. 

Warping constant 
St. Venant constant 

25 

50.000 

8.000 

10.000 

3.500 

0.720 

ksi 

ft 

in 

in 

in 

0.0938 in 
0.0750 in 

9.663 

3.162 

0.551 

0.131 

0.206 

1.344 

20.532 

2.035 

3.909 

1.231 

4.733 

4.106 

0.792 

2.184 

0.894 

1.473 

39.267 

0.002519 in4 

in 
in 
in 

in 

in 

in2 

in4 

in4 

in 

in 

in 

in3 

in3 

in3 

in 

in 

in6



Computing flexural strength 
  

Effective width of edge stiffener 

Buckling coefficient 
Slenderness ratio 
Reduction factor 

Effective width 

Effective width of compression flange 

w/t = 42.167 > S = 31.091 case III 
Req’d moment of inertia of stiffener Ia 
Actual moment of inertia of stiffener Is 
D/w = 0.228 < 0.25 
Buckling coefficient 
Slenderness ratio 
Reduction factor 

Effective width 
Reduced eff. width of stiffener 

in < b = 3.162 in Comp. be= 2.229 

ds= 0.113 in<d 

Section B3.2 of Spec. 

k 

la 
ro 

b 

0.430 

0.485 

1.000 

0.551 in 

Section B4.2 of Spec. 

k 

la 

ro 

b 
ds 

0.551 in Comp. 

0.005093 in4 

0.001047 in4 

2.537 

1.147 

0.705 

2.229 in 
0.113 in 

flange is not fully eff. 
stiffener is not fully eff. 

t
e
u
 

ue
 w
e
t
 

Computing the location of neutral axis and effective width of web 

Assuming web is fully effective 

Location of neutral axis ycg 
Compression portion of web acomp 
Tension portion of web aten 
Buckling coefficient k 
Slenderness ratio la 
Reduction factor ro 
Effective width b 
fi = -0.847 bl = 1.689 in b2 

bi+b2 = 4.937 in > acomp = 5.230 in 
Iteration needed to find effective portion of web 

iter ycg fi k 
1 5.399 -0.847 20.304 

2 5.460 ~0.826 19.828 

3 5.480 -0.819 19.678 

4 5.487 ~0.817 19.630 

Difference is less then 

Computation of 

Effective 

Effective 

Nominal 
Allowable 

Ixe and Sxe 

moment of inertia 
section modulus 
moment capacity 
moment capacity 

26 

-1l percent, 

Ixe 

Sxe 

Mn 

Ma 

5.399 in 

5.230 in £1 

4.432 in £2 
20.304 

1.219 

0.672 

6.497 in 
3.248 in 

Assumption incorrect 

48.437 ksi 

-41.045 ksi 

la bi+b2 aiff 

1.219 4.937 

1.234 4.900 0.752 

1.238 4.888 0.242 

1.240 4.885 0.077 

close enough 

17.545 in4 

3.198 in3 

159.881 kip-in 
95.737 kip-in



Computing shear capacity (Section C 3.2 of Spec.) 
  

  

h/t = 128.833 > 1.38 * (E kv/Fy) * .5 = 77.460 case B 
Elastic buckling governs 

Shear capacity Va = 3.645 kips 

Computing axial strength 

Determining Fn 

Flexural buckling stress (Fe)1 = 47.848 ksi 
sigma ex =482.782 ksi 
sigma t = 42.164 ksi 

Tors.-flex. buckling. stress (Fe)2 = 41.202 ksi 

Fe = 41.202 ksi 

Fn = 34.831 ksi 

Effective width of edge stiffeners Section B3.2 of Spec. 

Buckling coefficient k = 0.430 
Slenderness ratio la = 0.405 
Reduction factor ro = 1.000 
Effective width b = 0.551 in 

Effective width of flanges Section B4.2 of Spec. 

w/t = 42.167 > S = 37.251 case III 

Req’d moment of inertia of stiffener Ia = 
Actual moment of inertia of stiffener Is = 

0.004277 in4 

0.001047 in4 

D/w = 0.228 < 0.25 

Buckling coefficient k = 2.663 
Slenderness ratio la = 0.934 
Reduction factor ro = 0.818 
Effective width b = 2.588 in 

Reduced eff. width of stiffener ds = 0.135 in 
be= 2.588 in < b = 3.162 in Flanges are not fully effective 
ds= 0.135 in < d = 0.551 in Stiffeners are not fully effective 

Effective width of web 

Buckling coefficient k = 4.000 
Slenderness ratio la = 2.329 

Reduction factor ro = 0.389 
Effective width b = 3.758 in 

ae= 3.758 in < a = 9.663 in Web is not fully effective 

Computing effective cross-sectional area and axial strengths 

Effective cross-sectional area Ae = 0.752 in2 
Nominal axial strength Pn = 26.197 kip 
Allowable axial strength Pa = 13.645 kip 

27



CHAPTER UI 

PERFORMANCE SECTION TABLES FOR WALL STUDS AND JOISTS 

3.1 Performance Section Properties And Capacities 

This chapter of the study provides performance section properties for wall studs and 

floor/roof joists. Performance section descriptions consist of depth, type and relative 

strength indicators: 

X.X a yy 

| cL Relative strength indicator OO to 17 

Section type: Stud or Joist 

Depth in inches except x.6 represents x 5/8 in. 

Nine wall stud depths ( 2 1/2, 3 1/2, 3 5/8, 4, 5 1/2, 6, 7, 8, and 9 in.) and ten joist 

depths ( 2 1/2, 3 5/8, 4, 6, 7, 8, 9, 10, 12, and 14 in.) were selected with between eight 

and eighteen section sizes per depth. Three performance properties are listed for each 

section: allowable moment, allowable shear and minimum strong axis moment of inertia. 

Other performance properties were developed as design aids, these are found in Chapter 

IV and V, respectively. All properties and capacities correspond to values calculated 

using the AISI Specification for Cold-Formed Steel, August 19, 1986 (Allowable Stress 

Design). 
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3.2 Development Of Performance Sections 

As a first step, a large number of manufacturers' catalogs were obtained and 

available sections were tabulated to make sure that the proposed tables encompass the 

current market. Over 410 different studs and 280 different joists were identified and the 

above stud and joist depths selected. The previously described analysis program was then 

used to calculate feasible values for the allowable moment, shear, and moment of inertia 

for each performance section. The base material was 33 ksi for wall studs and 50 ksi for 

joists, with thicknesses ranging from 22 to 6 gauge (Table 3.1). The flange and lip 

dimensions were selected to obtain fully or almost fully effective sections for flexure. 

Table 3.2 shows the results for 4 in. studs and for 3 5/8 in. joists. The horizontal line 

denotes the level below which the sections are fully effective. The lower yield stress studs 

are almost all fully effective for flexure, for joists this was not always possible to achieve. 

For axial compression, the studs are less effective than in flexure, because in that case the 

whole web is subjected to uniform compression. Plotting the computed values quickly 

reveals that these curves are not very smooth (Table 3.3 and 3.4 solid lines). The main 

reason for that is the uneven increments between the thicknesses (Table 3.1). To 

overcome this, the computed values were replaced by functions with gradually increasing 

increments. (dashed lines). Since shear capacity rarely controls the design, 80% of the 

original values were taken as the base of the approximation. Similarly the calculated 

values of the minimum moment of inertia were multiplied by a factor of 0.9. These 

modifications will result in more economical design. 

Next the intervals were halved ensuring that an already existing section will not be 

very far from a proposed performance section. 
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Table 3.1 Initial Performance Section Designations And Gauge Thicknesses 

  

  

  

Designation Gauge Thickness Difference 

[in] {in] 

S01 22 0.0299 

S02 20 0.0359 0.0060 

$03 18 0.0478 0.0119 

$04 16 0.0598 0.0120 

S05 14 0.0747 0.0149 

S06 12 0.1046 0.0299 

$07 10 0.1345 0.0299 

S08 8 0.1644 0.0299 

S09 6 0.1943 0.0299     

Table 3.2 Section Properties For 4 in. Studs And 3 5/8 in Joists 

  

  

  

  

  

  

    

  

Section | Fy |Flange Lip Ma Va Ixeff Ix Aeff A rx ry 

[ksi]| [in] [in] | [kip-in] [kip] | [in4] [in4] | [in2] — [in2] [in] [in] 

4.0S01 | 33 | 1.250 0.40] 4.965 0.590/0.503 0.504/0.186 0.212/ 1.543 0.458 

4.0S02 | 33 | 1.300 0.40] 6.034 1.029|]0.611 0.611/0.238 0.256|1.546 0.472 

4.0S03 | 33 | 1.375 0.40] 8.108 1.996|0.821 0.821/0.343 0.343]1.546 0.492 

4.0804 | 33 | 1.500 0.40/10.441 2.883) 1.057 1.057/0.438 0.438/1.553 0.530 

4.0805 |} 33 | 1.625 0.40/13.340 3.515/1.350 1.350/0.557 0.557/1.557 0.566 

4.0S06 | 33 | 1.625 0.50/17.981 4.671/1.820 1.821|}0.775 0.775|1.533 0.565 

4.0S07 | 33 | 1.625 0.60] 22.157 5.685| 2.243 2.246/0.989 0.989/ 1.507 0.564 

4.0808 | 33 | 1.625 0.70|25.774 6.540} 2.609 2.615)1.198 1.198|1.478 0.561 

4.0809 | 33 | 1.625 0.80/28.913 7.269]2.926 2.940];1.406 1.406/1.446 0.556 

3.6J01 | 50 | 2.000 0.50} 7.140 0.648|)0.475 0.555/|0.224 0.250/]1.488 0.755 

3.6J02 | 50 | 2.000 0.60/] 9.249 1.133]0.600 0.670/0.285 0.285/1.479 0.768 

3.6J03 | 50] 2.000 0.70|13.469 2.437/0.843 0.886|0.408 0.408/ 1.465 0.775 

3.6304 | 50 | 2.000 0.80117.884 3.814) 1.089 1.097|0.522 0.522)1.450 0.781 

3.6J05 | 50 | 2.300 0.80/|24.258 4.746|]1.472 1.475|0.688 0.688] 1.464 0.881 

3.6J06 | 50 | 2.500 0.80 | 34.476 6.271] 2.087 2.088|0.979 0.979] 1.460 0.934 

3.6J07 | 50 | 2.500 0.80 |42.024 7.580) 2.544 2.547)1.225 1.225|1.442 0.915             
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Table 3.5 and 3.6 illustrates the final tables for the performance section properties 

of the above two examples, and Figure 3.1 and 3.2 shows how the sections of 12 suppliers 

meet the requirements. The horizontal lines indicate the proposed moment capacities, 

whereas the dots represent the moment capacities of the existing sections of various 

suppliers. 
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Table 3.5 4 in. Wall Studs Performance Properties 

  

  

  

Section Ma Va min Ixe 

[k-in.] {kips] [in4] 

4.0S00 4.3 0.25 0.38 

4.0S01 4.9 0.45 0.44 

4.0S02 5.5 0.65 0.50 

4.0S03 6.1 0.85 0.56 

4.0S04 7.0 1.09 0.64 

4.0S05 7.8 1.33 0.73 

4.0S06 8.9 1.61 0.83 

4.0S07 10.1 1.89 0.93 

4.0S08 11.4 2.20 1.06 

4.0S09 12.8 2.52 1.19 

4.0S10 14.4 2.88 1.34 

4.0S11 16.1 3.24 1.49 

4.0S12 18.0 3.63 1.66 

4.0813 19.9 4.03 1.83 

4.0814 22.0 4.46 2.02 

4.0S15 24.2 4.90 2.22 

4.0816 26.6 5.38 2.43 

4.0817 29.0 5.85 2.65   
  

Table 3.6 3 5/8 in. Joists Performance Properties 

  

  

  

Section Ma Va min Ixe 

({k-in.] [kips] [in4] 

3.6J00 6.1 0.33 0.38 

3.6J01 7.2 0.53 0.43 

3.6J02 8.2 0.73 0.48 

3.6J03 9.3 0.93 0.53 

3.6J04 11.0 1.23 0.62 

3.6J05 12.8 1.53 0.71 

3.6J06 15.3 1.93 0.84 

3.6J07 17.8 2.33 0.97 

3.6J08 21.0 2.83 1.14 

3.6J09 24.3 3.33 1.31 

3.6J10 28.2 3.93 1.52 

3.6511 32.2 4.53 1.73 

3.6J12 36.8 5.23 1.98 

3.6513 41.5 5.93 2.23     
34 
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CHAPTER [V 

DESIGN AIDS FOR WALL STUDS 

4.1 Development Of Design Aids 

To further assist designers the following aids were developed. If the performance 

section concept is implemented, suppliers of wall studs and joists will be required to meet 

or exceed both the performance properties capacities and the values given in the design 

aids. 

4.2 Uniform Lateral Load Capacity Of Wall Studs 

In curtain wall applications the members resist wind loads only. Table 4.1 is an 

example of the type of performance section load table that can be developed. The table 

shows the maximum uniformly distributed load a section can withstand over a certain 

span. The considered limit states were flexure, shear, and excessive deflection. 

For a simply supported beam the moment at midspan is calculated from 

2 

Mev (4.1) 
8 

which gives 

wipif = 2 M,[k —in (4.2) Po TAR 12” : 
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where M is the moment capacity of the section from the performance 
a 

capacities tables, 

l is the clear span and, 

Ww is the uniform lateral load capacity. 

For deep sections with small material thickness, shear can be the controlling factor. 

From 
lw 

V=—, 4.3 5 (4.3) 

we get 

2V,,[kips}10° 
w[ pif |= , (4.4) 

I ft] 

where V, is the shear capacity of the section from the performance capacities 

tables. 

The values computed from Equations 4.2 and 4.4 (labelled as total loads) are 

tabulated in the first column for each span length in Table 4.1. Shaded cells indicate that 

shear controls over flexure. 

The deflection of a single span is 

  

  

4 __5 wit 45) 
384 El 

which for the two considered limits L/360 and L/240 gives 

IL ft] 384 E[ksi](10°)(12) min J,,[in*] 
if|= xe ; 4.6 W301 PF ] 360 5 Ly 124 (4.6) 

Il ft] 384 E[ksi](10°)(12”) min J, [in*] 
if]= xe 4.7 W ral PH | 40 5 I ft} 124 ( ) 

where E = 29500 ksi is the modulus of elasticity for cold-formed steel, and 

min | is the minimum moment of inertia of the section from 
xe 

the performance capacities tables. 
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The total loads are based on strength, i.e. this is the maximum a member can carry 

without failure. If the loads from the deflection equation exceed the total loads then of 

course the total load is shown. 

For deflection calculations a different I value should be used, which is the one 

corresponding to the stress level in the extreme fibers, if the section is subject to the 

allowable moment (M,). This moment of inertia is between the full-section moment of 

inertia and the effective section moment of inertia. 

LL sage 2H ee 

For studs, however, as it was pointed out earlier, the sections are almost all fully effective, 

in which case the above three values are equal, i.e. using I,, instead of I,.4.¢ does not make 

any difference for most cases. 

4.3 Axial Load Capacity With Specified Lateral Loads 

Load bearing wall studs, especially in exterior walls, are subjected both to axial 

and lateral loads. Section C5 of the 1986 Cold-Formed Steel Specification deals with 

combined axial load and bending. It's provisions for single axis bending are the following: 

  

  

  

P SM, <10, (4.8) 
P, aM, 

PMs 10 (4.9) 
Po Mao 

When P/P,<0.15 then 

Py M, <1.0, (4.10) 

f, Ma 
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where P is the applied axial load , 

M,. is the applied moment, 

P, is the allowable axial load, 

P,, __ is the allowable axial load with F,=F,, 

M,, is the allowable moment, lateral-torsional buckling taken into 

account, 

M,,x. is the allowable moment excluding lateral-torsional buckling, 

W/a, =1/[1-(Q,P/P,)] magnification factor, (4.11) 

©. factor of safety used for determining P,, now 1.92, 

P= Emin I, a Loe (4.12) 

KL is the buckling length, now height of the wall since K=1, 

=1 because the frame is assumed to be braced in the plane of 

loading, the members are subjected to transverse loading 

between their support, and the ends are unrestrained (pinned). 

The tabulated values were computed with a modified version of the program 

described in Chapter II. Figure 4.1 illustrates the flowchart, and Appendix B contains the 

program listing. The equations and assumptions used are the following: 

  

- 92 - 

M.tk—in = ALA sin bp] (4.13) 
8 (10°)(12*) 

where Ww is the lateral load (i.e. wind load), 

S is the spacing of studs: 12, 16, and 24 in. on center respectively, 

P, is computed with a modified version of subroutine COMPcompcap (see Chapter 2.2.5 

and page 104 of Appendix B) assumed that: 

4]



-the sections are braced by the sheathing material therefore the flexural- 

torsional buckling mode is not considered, 

-the studs are subjected to strong axis bending therefore r, is replaced by r, 

in the first equation of the subroutine. 

P,, is calculated the same way as P, except that F, is used instead of F, (Eq. 4.20). Since 

F,>F, the corresponding effective area will be smaller and therefore P,, < P, (Table 4.2). 

M,,=M,,.—=M,, since lateral-torsional buckling is prevented. 

Expressing P from Equations 4.9 and 4.10 and substituting M, for M,,, and M,,,, 

  

  

gives the following: 
M 

P... =~A-—)P 4.14 

M 
P.. =(1-—)P 4.15 

a 

Since in Equation 4.8 a, is a function of P (Eq. 4.11) expressing P will result in a second 

order equation where the smaller root is P,_,.,: 

P M 

  

    

— + ——__ —_ << 1.0 4.16 PG ERP yyy (4.16) 
pve 

~ eats P+ (148) P+ PM, -M,)=0 (4.17) 

Table 4.2 shows typical output from the program. These values are tabulated to a 

typical Axial Load Capacity With Specified Lateral Loads Table, Table 4.3. 
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START SUB     

    
Setting section dimensions 
and M,and minke values 
  

  

  

    Take next section     

  

  

  
Increase height by 2 feet 

    

  

Computing R; .Ro , and Ry 
  

section loop . 
7 

height loop . 
TS 

spacing loop . 
7 
  

    Take next spacing     

  

  
Computing Mx 

    

no 

  

    
Solve equation (4.13) 
  

    
Check if equation (4.11) 

controls or not       

  
M,/Ma> 0.85 

  

    
yes 

  

  
Equation (4.12) 
  

      WY » 
7 

    _f 
‘\ 

  L 
N 
  _£ 

oN     
  

END SUB 
    

YN
 

Figure 4.1 Flow Chart Of The Program For Computing Axial Loads 
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lateral load :; 
6.000S06 

H 
[ft] 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
"22.00 
24.00 

6.000S07 

H 
[ft] 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 

6.000S08 

H 

[ft] 
8.00 

10.00 

12.00 

14.00 

16.00 

18.00 

20.00 

22.00 

24.00 

6.000S09 

Table 4.2 Output Of The Program Computing The Axial Loads For 6 in. Studs 

w= 25 psf 
Ma= 29.7 kip-inch Ix= 4.036 in4 

s= 12'' 
Pa Pao Per Mx P 

[kip] [kip] [kip] (k-i] [Kip] 
14.70 14.55 127.51 2.40 13.21 
14.31 14.10 81.60 3.75 11.81 
13.84 13.53 56.67 5.40 10.03 
13.28 12.87 41.63 7.35 8.05 
12.62 12.11 31.88 9.60 6.14 
11.86 11.24 25.19 12.15 4.49 
11.00 10.27 20.40 15.00 3.13 

10.03 9.20 16.86 18.15 2.04 
8.83 8.02 14.17 21.60 1.18 
Ma= 36.85 kip-inch Ix= 5.024 in4 

s= 12'' 
Pa Pao Pcr Mx P 

[kip] [kip] [kip]  [(k-i] [kip] 
20.47 20.44 158.72 2.40 18.75 
19.81 19.78 101.58 3.75 16.85 
19.00 18.98 70.54 5.40 14.42 
18.05 18.02 51.83 7.35 11.70 
16.94 16.92 39.68 9.60 9.07 
15.70 15.67 31.35 12.15 6.81 
14.30 14.28 25.40 15.00 4.97 
12.76 12.74 20.99 18.15 3.51 
11.07 11.05 17.64 21.60 2.35 
Ma= 44.95 kip-inch Ix= 6.145 in4 

s= 12'' 
Pa Pao Per Mx P 

[kip] [kip] [kip] [k-i] [kip] 
24.78 24.78 194.13 2.40 23.06 
23.96 23.96 124.25 3.75 21.00 

22.95 22.95 86.28 5.40 18.30 
21.77 21.77 63.39 7.35 15.18 

20.40 20.40 48.53 9.60 12.06 

138.85 18.85 38.35 12.15 9.31 
17.12 17.12 31.06 15.00 7.02 

15.20 15.20 25.67 18.15 5.18 
13.10 13.10 21.57 21.60 3.71 
Ma= 54 kip-inch Ix= 7.4 in4 

s= 12'' 
Pa Pao Per Mx P 

(Kip] (kip] [kip] [k-ij [kip] 
29.09 29.09 233.78 2.40 27.42 

28.09 28.09 149.62 3.75 25.21 
26.88 26.88 103.90 5.40 22.31 
25.45 25.45 76.34 7.35 18.86 
23.80 23.80 53.45 9.60 15.29 

21.92 21.92 46.18 12.15 12.04 

19.83 19.83 37.41 15.00 9.30 

17.52 17.52 30.91 18.15 7.05 
15.00 15.00 25.98 21.60 5.22 
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4.4 Strong Axis Axial Load Capacity Charts 

Interior bearing walls are generally not subject to lateral loads; they only carry the 

axial loads transmitted from the supported slab. In a wall assembly, the bracing and 

sheathing prevents weak axis (in the plane of the wall) or lateral torsional buckling, so that 

the only controlling mode is strong axis buckling. 

Section C4 of the 1986 Cold-Formed Steel Specification contains the provisions 

for compression members. The allowable axial load is determined the following way: 

where 

P= P,/Q, (4.18) 

is the factor of safety, now 1.92, 

= A,F., (4.19) 

Effective area at the stress F,. This was computed for each section 

with the C-section analysis program. 

= F,(1-F,/4F,) if Fi>F,/2, 

=F if Fis F,/2, (4.20) 

rE 
= (KLire y since the section is not subject to torsional-flexural 

r, 

buckling (Section C4. 1). 

Table 4.4 illustrates a portion of the table used for calculating the axial load 

capacities, and Figure 4.2 shows typical buckling curves for 6 inch studs. 
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4.5 Weak Axis And Torsional Axial Load Capacity Charts 

If the sheathing material does not provide sufficient support, or the member is used 

as a single column, either weak axis or flexural-torsional buckling modes can control. 

Determination of P,, P, and F, is the same as previously described (Eq. 4.18 

through 4.20), but the procedure to find F, , in Section C4.2 of the 1986 Cold-Formed 

Steel Specification, is more complex and is as follows: 

where Bg 

ex 

0, 

WE 

(KL/r,? 
1 = afl (Sn +8) VE. + 8) 486.5, | 

= min (4.21)   

is a cross sectional property, computed with the C-section analysis 

program for each section, 

    

rE 
= (KL/r. > (4.22) 

4 EC, “ap las (KL): | . (4.23) 

See page 104 of Appendix A for more detailed explanation of variables. Table 4.5 

illustrates a portion of the table used for calculating the axial capacities. As we can see the 

weak axis buckling mode (F,,) controls over the torsional one (F,,). Figure 4.3 shows 

typical buckling curves for 6 inch studs. 
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CHAPTER V 

DESIGN AIDS FOR JOISTS 

5.1 Uniform Load Capacity Of Single Span Joists 

Joists in slabs or roofs are subject to the uniformly distributed load of the floor or 

the live loads (snow etc.). 

Typical design aid tables were developed the same way, using the same formulas 

as the Uniform Lateral Load Capacity of Wall Studs Tables described in Chapter 4.1.1. 

For the joists, however, because of the higher yield stress, only the sections with higher 

relative thicknesses are fully effective. In case of the thinner sections I,.,.- could be as 

much as 10-15% larger then I,., so for sections with a relative thickness of 00 to 07 I, ser 
xe? 

is used in Equations 4.6 and 4.7, as opposed to the I,, values tabulated in the performance 

section tables. Table 5.1 shows the typical values for 3 5/8 and 10 in. joists. 

5.2 Uniform Load Capacity Of Two Continuous Spans Joists 

Another common way to use joists is to bridge two spans with one continuous 

member (Fig. 1.4b). The controlling limit state in this case is the combined moment and 

shear over the support. 
2 

mate V =2 wi (5.1) 
8 8 
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Substituting into the interaction equation in Section C3.3 of the 1986 Cold-Formed Steel 

Specification gives 

  

  

wl?) (5 
— —wl 
Me aa <1.0. (5.2) 

Expressing w results in 

8(10°) 1 
if]= 5 >> 5.3 w[pif ] mm | apy (5 (5.3) 

M,[k-in]) "\V,[A] 

where M_,, V,,, 1, and w are as described in Chapter IV. 

The uniform loads which produce deflections of 1/360 of the span are also shown 

unless that loading exceeds the total capacity. The L/240 values were always greater then 

the total load capacity therefore they were omitted. The deflection formula for double 

  

    

span is 

1 wi* - + 5.4 
185 EI ” O4) 

which for L/360 gives 

I ft), ,- El ksi ](10°)(12”) min I, [in*] 
if]= 185 xe , 5.5 Wiel PH] 360 IL fty" 12! (5.5) 

where E and min [,, are as before, except that for the lighter sections, I,.4.¢ 1s used. The 

typical uniform load capacities of two continuous spans are shown in Table 5.2 . 

5.3 Moment-Shear Interaction Capacity Charts 

The total load column of the previous tables are based the combined moment and 

shear capacity of the section. There might be a need to check this limit state at other 

locations of the member (e.g. fixed end of a cantilever or end of laps). In this case the 
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provisions of Section C3.3 of the 1986 Cold-Formed Steel Specification should be 

(2) (7 <1.0 (5.6) 
a a 

applied: 

Figure 5.1 shows a typical interaction chart for 7 in. Joists. 

5.4 Web Crippling Capacity Tables 

For deep section with relatively small thicknesses web crippling can be a problem. 

Section C3.4 of the 1986 AISI Specification for Cold-Formed Steel gives equations for 

four different conditions as follows: 

Condition 1: End Reaction, Opposing Loads Spaced > 1.5h 

Condition 2: Interior Reaction, Opposing Loads Spaced > 1.5h 

Condition 3: End Reaction, Opposing Loads Spaced < 1.5h 

Condition 4: Interior Reaction, Opposing Loads Spaced < 1.5h 

where h is the depth of the flat portion of the web. 

Web crippling capacities are tabulated for a basic bearing length of 3.5 in. and for 

+/- 0.5 in. increment. The web crippling capacity for any length is then determined from 

  

L, -3.5 P, =(P)ss+{ #32), (6.7) 
where P, web crippling capacity for bearing length L,, kips 

(P,)3. web crippling capacity for 3.5 in bearing length (from table), kips 

(P.)o5 web crippling capacity for 0.5 in bearing length increment (from 

table), kips 

L actual bearing length, in 
a 

Table 5.3 shows typical web crippling capacities for 7 and 10 in. joists. 
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Table 5.3 Web Crippling Capacities of 7 and 10 in. Joists in kips 

  

  

  

  

  

  

              
  

  

  

  

  

    

Condition 1 2 3 4 

Bearing Length 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 

7.0J02 0.19 0.017 0.37 0.026 0.11 0.010 0.12 0.003 

7.0J03 0.32 0.022 0.59 0.034 0.20 0.014 0.34 0.005 

7.0J04 0.44 0.028 0.81 0.042 0.29 0.018 0.56 0.008 

7.0J05 0.56 0.034 1.03 0.050 0.37 0.023 0.78 0.010 

7.0J06 0.71 0.040 1.30 0.057 0.48 0.027 1.07 0.012 

7.0J07 0.86 0.045 1.57 0.065 0.59 0.031 1.37 0.014 

7.0J08 1.08 0.053 1.98 0.075 0.75 0.036 1.84 0.016 

7.0509 1.31 0.060 2.40 0.085 0.91 0.042 2.32 0.019 

7.0310 1.89 0.074 3.47 0.104 1.34 0.052 3.63 0.024 

7.0511 2.47 0.089 4.55 0.123 1.76 0.063 4.94 0.029 

7.0512 3.23 0.103 5.96 0.143 2.31 0.074 6.73 0.035 
7.0313 3.98 0.117 7.36 0.162 2.86 0.084 8.52 0.040 

Condition 1 2 3 4 
Bearing Length 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 3.5 in. +/- 0.5 in. 

10.0J04 0.33 0.023 0.65 0.037 0.19 0.013 0.27 0.005 

10.0J05 0.47 0.029 0.92 0.044 0.29 0.018 0.53 0.007 

10.0J06 0.62 0.034 1.18 0.052 0.39 0.022 0.80 0.009 

10.0J07 0.76 0.040 1.44 0.060 0.50 0.026 1.07 0.011 

10.0J08 0.98 0.047 1.84 0.070 0.65 0.031 1.51 0.013 

10.0J09 1.19 0.054 2.25 0.079 0.81 0.037 1.95 0.016 

10.0J10 1.76 0.069 3.30 0.099 1.21 0.047 3.19 0.021 

10.0J11 2.32 0.083 4.35 0.118 1.62 0.058 4.44 0.026 

10.0312 3.06 0.098 5.74 0.137 2.16 0.069 6.16 0.032 

10.0J13 3.80 0.112 7.12 0.157 2.69 0.079 7.88 0.037           
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CHAPTER VI 

SUMMARY AND APPLICATION 

6.1 Summary 

The wider use of cold-formed steel framing is hindered by the lack of generic 

sections. This study puts forth an effort to develop a performance section designation 

code without specifying the geometry of the sections. A PC-based program to analyze C- 

section was developed and used to produce typical Performance Section Tables for both 

wall studs and joists. For curtain walls the Uniform Lateral Load Capacity Tables and for 

bearing wails the Axial Load with Specified Lateral Load Tables, the Strong Axis Axial 

Load Capacity Charts, and the Weak Axis and Torsional Axial Load Capacity Charts 

were developed. The typical design aids for roof/floor joists include the Uniform Load 

Capacity Tables for single and two continuous spans, the Moment-Shear Interaction 

Capacity Charts, and the Web Crippling Capacity Tables. 

6.2 Application 

In this chapter design examples are provided for the better understanding of the 

concept and usage of this study. 
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6.2.1 Design Examples For Wall Studs 

Design Example 1. Non-load Bearing Wall Stud with Continuous Lateral Support 

1. Given 

Depth 3 5/8 in. 

Height: 14 ft 

Spacing: 24 in. 0.¢. 

Load: 25 psf lateral 

Deflection: <L/240 

2. Required 

Choose and check a section using the design aids. 

3. Solution 

3.1 Assumption 

The wall studs are prevented from weak axis lateral and lateral-torsional 

buckling by sheathing. 

3.2 Maximum Moment and Shear 

  

ee ee ee 
24.0 in 

  

  

  

  

  

aH 

CULT L ELT TTT TY total toad = 50.0 pit] TTT TTT TTT TT 

‘ 14.0 ft ° 

w = 25.0 x 2=50 pif 

V max = 0.35 kips 

M ax = 14.7 k-in 

60



3.3 Section Selection 

From Uniform Lateral Load Capacity of Wall Studs Table, select 6.0S06. 

Total load capacity is 54.8 plf; L/240 deflection limit is 51.8 pif. 

51.8 plf> 50.0 plf OK 

3.4 Check Shear Capacity 

Since the total load column in the Uniform Lateral Load Capacity of Wall 

Studs Table already includes the shear capacity, choosing the section based 

on that table inherently satisfies this criterion. 

4. Final Selection 

Use 6.0S06 Stud 

Design Example 2. Load Bearing Wall Stud with Continuous Lateral Support 

1. Given 

Depth: 3 1/2 in. 

Height: 14 ft 

Spacing: 24 in. o.c. 

Loadings: 25 psf lateral 

2.0 kips axial 

Deflection: <L/360 

2. Required 

Choose and check a section using the design aids. 
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3. Solution 

3.1 Assumptions 

a. The wall studs are prevented from weak axis lateral and lateral- 

torsional buckling by sheathing. 

b. The strong axis effective length factor is 1.0. 

3.2 Maximum Moment and Shear 

The same as for Example 1. 

3.3 Section Selection 

From Axial Load Capacity with Specified Lateral Load of Wall Stud 

Tables choose 6.0S09 (height = 14 ft, spacing = 24 in), P, = 2.3 kips 

P,=2.3 kips >P=2.0kips OK 

3.4 Check Deflection 

From Uniform Lateral Load Capacity of Wall Studs Table, the limiting 

uniform load for L/360 deflection is 50.7 pif 

50.7 plf>2x25=50plf OK 

3.5 Check Shear Capacity 

Since the Uniform Lateral Load Capacity of Wall Studs Tables were 

developed with the shear capacities taken into consideration, satisfying the 

previous check also means that the section is adequate for shear. 

4. Final Selection 

Use 6.0S09 Stud 
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Design Example 3. Load Bearing Wall Stud without Continuous Lateral Support 

1. Given 

Depth: 6 in. 

Height: 12 ft 

Load: 5 kips axial 

Bracing Spacing: 4 ft (weak axis lateral and lateral-torsional) 

2. Required 

Choose and check a section using the design aids. 

3. Solution 

3.1 Assumptions 

The weak axis lateral and lateral-torsional effective length factors are 1.0. 

3.2 Section Selection 

From Weak Axis Axial Load Capacity Charts for Wall Studs choose 

6.0S06 (height = 4 ft) P, = 5.6 kips. 

P,=5.6kips >P=5.0kips OK 

3.3 Check Strong Axis Buckling 

From Strong Axis Axial Load Capacity Charts for Wall Studs, P, = 6.8 

kips (height = 12 ft) 

P,=6.8 kips >P=5.0kips OK 

4. Final Selection 

Use 6.0S06 Stud 
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6.2.2 Design Examples For Joists 

Design Example 1. Single Span C-Joist 

1. Given 

Single span C-joist system 

Span: 20 ft 

Spacing: 24 in. 0.¢. 

Loads: 15 psf dead 

50 psf live 

Deflection: < L/240 for Live Load 

Bearing Length: 6 in. 

2. Required 

Choose and check a C-Joist section using the design aids. 

3. Solution 

3.1 Assumptions 

The sheathing provides continuous lateral support to the top flange. 

3.2 Moment and Shear Diagrams 

Po UL ULL EL 
24.0 in 

  

  

  

  

xin 

LEEET TTT LETT TT etal toad = 130.0 pif] TT TT TTL LITLE 

4“ 20.0 ft 4 
  

Wp=15x2 = 30plf 
WwW, =50x2 = 100 pif 

Wr = 130 plf 

V max = 1.30 kips 

Monax = 78.0 k-in 
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3.3 Section Selection 

Using the Uniform Load Capacity of Single Span Joists Table, possible 

choices are 

  

  

  

  

  

  

          
  

Joist Total Load L/240 Live Load 

Capacity, plf Deflection, plf 

7.0513 190.8 100.8 

8.0312 175.0 101.6 

9.0J10 174.6 117.0 

10.0J08 138.3 105.7 

12.0J08 170.8 165.0 

14.0J08 155.0 155.0 

Try 10.0J08 

3.4 Check Shear Capacity 

This criterion is automatically satisfied if the Uniform Load Capacity of 

Single Span Joists Tables are used for section selection. 

3.5 Web Crippling Strength 

From the Web Crippling Capacity of 10 in. Joists Table for Condition 1, 

the web crippling capacity is 

P, = 0.98 + [(6-3.5)/0.5](0.047) = 1.10 kips < 1.3 kips NG 

Either a bearing stiffener could be used or the section increased to a 

10.0J09, where 

P,= 1.19 + [(6-3.5)/0.5](0.054) = 1.33 kips> 1.3 kips OK 

4. Final Selection 

Use 10.0J08 with bearing stiffener at supports or 10.0J09 without bearing 

stiffener at supports. 

65



Design Example 2. Two Span Continuous C-Joist 

1. Given 

Two span C-joist system 

Spans: 2x 16 ft 

Spacing: 24 in. 0.¢. 

Loads: 10 psf dead 

40 psf live 

Deflection: < L/360 for Live Load 

Bearing Length: 6 in. 

2. Required 

Choose and check a C-joist section using the design aids. 

3. Solution 

3.1 Assumptions 

a. The joist is prismatic, e.g. laps are not used. 

b. The sheathing provides a continuous lateral support to the top flange. 

c. The compression (bottom) flange near the interior support is fully braced. 

3.2 Moment and Shear Diagrams 

  

Po LL UG 
y 24.0 in ” 

Wp =10 x 2 = 20 plf 
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Total load = 100 pif i 
  

  

v 16.0 ft 4 16.0 ft vu 

-38.40 

12.0 ft 
7 

“a A 

M, k-in. b + + + + + t —+ + + + + + 

3.3 Section Selection 

  

Using the Uniform Load Capacity of Two Continuous Span Joists Table, 

possible choices are 

  

  

  

  

  

  

            

Joist Total Load L/360 Live Load 
Capacity, plf Deflection, plf 

6.0J08 109.8 104.1 
7.0J07 107.4 107.4 
8.0J07 105.9 105.9 
9.0J07 101.8 101.8 
10.0JO08 160.6 160.6 

12.0J07 104.0 104.0 

Try 7.0307 
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3.4 Check Web Crippling Capacity 

From the Web Crippling Capacity of 7 in. Joists Table: 

At exterior support, Condition 1 

P, = 0.86 + [(6.0-3.5)/0.5](0.045) = 1.09 kips > 0.60 kips OK 

At interior support, Condition 2 

P, = 2{1.57 + [(6.0-3.5)/0.5](0.065)} = 3.79 kips > 2.0 kipsOK 

3.5 Check Combined Bending and Web Crippling Capacity 

Using AISI Specification Equation 3.5.2-1: 

Ei 
At the interior support with M, = 46.10 k-in. from 7 in. Joist Performance 

  

Properties Table: 

1.2 2.0 + 38.40 =1.05<150 OK 
3.79 2x46.1 

  

4. Final Selection 

Use 7.0J07 
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Design Example 3. Two Span Lapped C-Joist Non-Prismatic Member 

1. Given 

Two span C-joist system using laps to create continuity. 

Spans: 2 x 16 ft with 1.0 ft lap each side of interior support 

Spacing: 24 in. 0.¢. 

Loads: 10 psf dead 

40 psf live 

Bearing Length: 6 in. 

2. Required 

Choose and check a C-joist section using the design aids. 

3. Solution 

Increased stiffness within the lapped portion of each span is considered when 

determining design moments, shears and reactions. 

3.1 Assumptions 

a. Full continuity is achieved through the laps. 

b. The continuous beam analysis to establish the shear and moment 

diagrams assumes continuous members in which the I, value within 

the lapped portions is the sum of the individual members. 

c. The capacity within the lap portion of each span is equal to the sum 

of the individual purlin capacities. 

d. The sheathing provides a continuous lateral support to the top 

flange. 

e. The compression (bottom) flange near the interior support is fully 

braced. 
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3.2 Moment and Shear Diagrams 

  

[ Total load = 100 pif 
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11.66 ft 
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16.0 ft 

  

3.3 Section Selection 

0.40 

The required moment capacity for each purlin is 30.05 k-in. (moment at 

start of lap). Using the Joist Performance Properties Tables, possible 

  

  

  

  

          
  

choices are 

Joist M, V, 
k-in. kips 

6.0J06 30.20 1.90 

7.0305 30.50 0.90 

8.0J05 36.00 0.90 

9.0J05 40.00 0.85 

Try 7.0J05 
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3.4 Check Shear Capacity 

From the 7 in. Joist Performance Properties Table, V,, = 0.90 kips 

At start of lap 

V, = 0.90 kips < V = 0.92 kips NG 

Try 7.0J06 V,= 1.650 kips 

V, = 1.650 kips > V = 0.92 kips OK 

At interior support 

V,=2.x 1.650 =3.30 kips> V=1.0kips OK 

3.5 Check Combined Moment and Shear Capacity 

Using the Moment-Shear Inaction Capacities of 7 in. Joists Chart, at start 

of lap: 

M = 30.05 k-in. 
V = 0.92 kips 

which plots below the interaction curve for the 7.0J06 section. OK 

3.6 Check Web Crippling Capacity 

From the Web Crippling Capacity of 7 in. Joists Table: 

At exterior support, Condition 1 

P, = 0.71 + [(6.0-3.5)/0.5](0.040) = 0.91 kips > 0.583 kips OK 

At interior support, Condition 2 

P, = 2{1.30 + [(6.0-3.5)/0.5](0.057)} = 3.17 kips > 2 x 1.017 = 

2.034 kips OK 
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3.7 Check Combined Bending and Web Crippling Capacity 

Using AISI Specification Equation 3.5.2-1: 

1.2 P + M <1.5 
Po) \M, 

At the interior support with M, = 38.30 k-in. from 7 in. Joist Performance 

Properties Table: 

1{ 28 +( 41.65 =1.31<150 OK 
3.17 2x38.3 

  

4. Final Selection 

Use 7.0J06 
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PROGRAM LISTING 
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DECLARE SUB DESCRIBE () 
DECLARE SUB INPUTDATA (Fy!, aa!, bb!, cc!, rr!, t!, KL!, lip%) 

DECLARE SUB COMPsecprop (Fy!, aa!, bb!, cc!, rr!, t!, KL!, lip%, grap%, 
Area!, a!, b!, cl, r!, ul, xhl, !, rx!, ry!, ro!, beta!, Jstv!, Cw!, xwcl!) 

DECLARE SUB COMPflexcap (Fy!, aa!, bb!, cc!, rr!, t!, a!, bf, cl, r!, ul, 

lip%, xwcl!, grap%, be!, C1!, C2!, ds!) 

DECLARE SUB COMPeffwidth (w!, t!, k!, f!, grap%, la!, b!) 

DECLARE SUB COMPflange (w}, t!, fl, cc!, c!, dsp!, grap%, be!, C1!, C2!, ds!) 

DECLARE SUB COMPweb (Fy!, aa!, t!, a!, b!, c!, r!, uf, be!, ds!, sumLy!, lip%, 

grap™, b1!, b2!, b3!, le!, ycg!, yu!, yl!, I%) 

DECLARE SUB COMPshearcap (Fy!, a!, t!, grap%) 

DECLARE SUB COMPcompcap (Fy!, aa!, bb!, cc!, t!, KL!, Area!, al, b!, c!, r!, ul, 

rx!, ry!, ro!, beta!, Jstv!, Cw!, be!, C1!, C2!, ds!, gf!, vc!, he!, lip%, xwcel!, grap%) 

DECLARE SUB PLOTSECT (aa!, bb!, cc!, rr!, t!, a!, b!, c!, r!, lip%, gf!, vc!, he!, xwcl!) 

DECLARE SUB SHOWSIZE (value$, h!, x1!, y1!, x2!, y2!, po$) 

DECLARE SUB SHOWSIZE2 (label§, u!, x1!, yl!, x2!, y2!, po$) 

DECLARE SUB CORRECT (a$) 
DECLARE SUB presskey (x!, y!) 
Wage afc afe ate afe af abe ake ae af afc 2h 2fe ake afe ade ae ake a ae ake ae ae ae af af ae ae afc ae ae ae aoe a ae afc ae he ade afc 2h ae ae ae he ae ac ahs af fe af 2fe afc afc 2h af fc afc 2 ae 2 2h 2 2 af ae ae ake he 2k ok ok oe ak ak 

tik 

'* Program for computing the flexural, shear and axial capacities 
'* of cold-formed C-sections based on the Allowable Stress Design 

‘* Version 1.0a 
Vee EKER EKER AE EEEKKCHKEKKEKKEKKEKEKEEEEKREKEKEEEKECEKEKKEECKEREKKKKAEEKEKSEKEKKEE 

'* INPUT VARIABLES: 
'* Fy —- yield stength of steel (ksi) 

‘* aa - depth of section (in) 
bb = - width of flange (in) 

'* cc - length of lip (in) 
tm —- - radius of corners (in) 

'* t - thickness (in) 

* KL_- effective length (ft) 
'* LOCAL VARIABLES: 
'* grap% j=1 print graphics and result on screen 

‘* =0 print results on paper 
'* exitp% 
9 ae age af ae fee ae fe ae ae ae he he 2 he ae ae fe fe ae ae 2 2h 2 ae ea a ae ae 2 ee oe he 2 ae ae ae ae ae ae 2 2 2s ae 2 fe fe hc ae ae he fe 2 ee ae fe of fe fc OO ok 2K OK 

CALL DESCRIBE 

grap% = 1 
exitp% = 0 
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IF grap% = 1 THEN 

CALL INPUTDATA(Fy, aa, bb, cc, rr, t, KL, lip%) 
END IF 

CALL COMPsecprop(Fy, aa, bb, cc, rr, t, KL, lip%, grap%, 

Area, a, b, c, r, u, xh, m, rx, ry, ro, beta, Jstv, Cw, xwcl) 

CALL COMPflexcap(Fy, aa, bb, cc, 11, t, a, b, c, r, u, lip%, xwcl, grap%, be, C2, C1, ds) 

IF grap% = 1 THEN 
CLS 

CALL PLOTSECT<{aa, bb, cc, rr, t, a, b, c, r, lip%, gf, vc, hc, xwcl) 

END IF 

CALL COMPshearcap(Fy, a, t, grap%) 

CALL COMPcompcap(Fy, aa, bb, cc, t, KL, Area, a, b, c, r, u, 

rx, ry, ro,beta, Jstv, Cw, be, C1, C2, ds, gf, vc, hc, lip%, xwcl, grap%) 

SCREEN 0 
CLS 
LOCATE 10, 15 
PRINT "Enter your choice:" 
LOCATE 12, 20 
PRINT "(1) Send output to printer" 

LOCATE 14, 20 
PRINT "(2) Compute another section" 

LOCATE 16, 20 
PRINT “(3) Exit program" 

DO 

a$ = INKEY$ 
LOOP UNTIL a$ = "1" OR a$ = "2" OR a§ = "3" 

LOCATE 10, 35 
PRINT a$ 

SELECT CASE a$ 
CASE "1" 

grap% = 0 
CASE "2" 

grap% = | 
CASE "3" 

exitp% = 1 
END SELECT 

LOOP UNTIL exitp% = 1 

END 
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SUB DESCRIBE 

CLS 
LOCATE 5 
PRINT “ Mie Whe fe ae 2h ae aie ade ae ae ae ae ale afc he ae ae ae ale he ae ah ah ae ae ah he ae ae he 2 fe ae ale ae ah 2 ae ae ae 3h fe ae ake ae ae ae he ae ae 2 he ae ake ae oe a a ake ak OH 

PRINT“ * *" 
PRINT" * Program for analyzing cold-formed C-sections *" 
PRINT" * *" 
PRINT" * Version 1.0a *" 

PRINT" * *"10 
PRINT" * by Zsolt V. NEMEDI *" 
PRINT" * * 
PRINT " aie fe oho fe he ae ake ae ae ae ae ae ee he 2c ae fe he a he 2c ae he ae oe eae ea aie ae ac 2 che ae ae ca a aie ae ae ac 2k ae ak ae ae fe 2 ae a oe 2k 2k ke ok 

LOCATE 16, 31 
PRINT "(1) Description" 

PRINT TAB(31); "(2) Start analysis" 

DO 
a$ = INKEY$ 

LOOP UNTIL a$ = "1" OR a$ = "2" 

IF a$ = "1" THEN 

END IF 

CLS 
LOCATE 5 

PRINT TAB(17); "The program computes the flexural, shear and axial" 

PRINT TAB(17), “capacities of cold-formed C-sections (with or" 

PRINT TAB(17); “without lips) based on the August 19, 1986 Edition" 

PRINT TAB(17); “of the Allowable Stress Design Cold-Formed" 

PRINT TAB(17); “Specification. It does not take the effect of" 
PRINT TAB(17); "cold-forming into account." 
PRINT TAB(22); “After inputing the yield strength (ksi), the" 
PRINT TAB(17); “dimensions of the cross-section (in) and the" 

PRINT TAB(17); "effective length (ft), it prints the computed" 

PRINT TAB(17); "results on the screen. It also plots the cross-" 

PRINT TAB(17); “section proportionally, marking the relevant data” 
PRINT TAB(17); “with dimension lines. For bending and compression" 

PRINT TAB(17); "the uneffective portions of the section are" 

PRINT TAB(17); "shaded. The results can also be printed out on a" 
PRINT TAB(17); "printer if requested." 

CALL presskey(23, 29) 

CLS 

END SUB 
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SUB INPUTDATA (Fy, aa, bb, cc, rr, t, KL, lip%) 
8 ae ae 2s ae abe ae oe ae fe ae a ae fe ae ah 2c ae ae ape ae ee he ade he ae 2 ae ae He ae ee he he he ae ae ee ae he he ee ae Oe a ee he a 2 ae ee a a he a aK a Ee a 

'* SUBROUTINE INPUTDATA 

'* This routine reads in the required data. 

'* OUTPUT VARIABLES: 
‘* Fy —- yield stength of steel (ksi) 

'* aa - depth of section (in) 
bb = - width of flange (in) 

'* cc - length of lip (in) 
tr = - inner radius of corners (in) 

* t - thickness (in) 

'* KL _- effective length (in) 
'* lip% =0 if there is no lip 
* = 1 if there is a lip 
hk 

'* LOCAL VARIABLES: 
tk a$ 

te 

'* For further information see p III-10 of AISI ASD COLD-FORMED 
‘* STEEL DESIGN MANUAL. 
'* Capital letters are here double letters, ie. aa corresponds to A’. 
Uae ae ae ae afe af af he ae af af 2h ae fe af ale ae a ae ae ae ae ae ae ae ae ae af he ae ae ah he ah he a af eae ae eae af fe fe ah 2 2 2 he ae eae ae eae ae ae ae 2 ake oe he he oe ae ae ak ak ak ak 

DO 

CLS 
LOCATE 2, 10 
PRINT "Defining geometry and material properties" 
PRINT TAB(10); " " 
PRINT 
PRINT 
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LOCATE 5, 10 

PRINT “Select yield strength of section :" 
PRINT 

PRINT TAB(22); "(1) 50 ksi" 
PRINT TAB(22); "(2) 33 ksi" 
PRINT TAB(22); "(3) other" 
PRINT 

DO 
a$ = INKEY$ 

LOOP UNTIL a$ = "1" OR a$ = "2" OR a$ = "3" 

LOCATE 5, 58 
PRINT a§$ 

SELECT CASE a$ 
CASE "1" 

Fy = 50! 
CASE "2" 

Fy = 33! 
CASE "3" 

DO 
LOCATE 11, 10 

INPUT "Enter yield strength (ksi) "; Fy 
LOOP UNTIL Fy > 0! 

END SELECT 

DO 
LOCATE 13, 10 
INPUT "Enter depth of section (in) "; aa 

LOOP UNTIL aa > 0! 

DO 
LOCATE 15, 10 
INPUT "Enter width of flange (in) "; bb 

LOOP UNTIL bb > 0! 
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LOCATE 22, 10 
PRINT “(Press enter if there is no lip)" 
DO 

LOCATE 17, 10 
INPUT "Enter length of lip (in) "; cc 

LOOP UNTIL cc >= 0! 
LOCATE 22, 10 
PRINT we 

IF cc = 0! THEN 
lip% = 0 

ELSE 
lip% = 

END IF 

DO 

LOCATE 19, 10 

INPUT "Enter radius of corners (in) "; rr 

LOOP UNTIL rr > 0! 

DO 
LOCATE 21, 10 
INPUT "Enter thickness (in) “; t 

LOOP UNTIL t > 0! 

DO 
LOCATE 23, 10 
INPUT "Enter buckling length (ft) "; KL 

LOOP UNTIL KL > 0! 
KL = KL * 12! 

LOCATE 25 

CALL CORRECT(a$) 

IF a$ = "y" OR a$ = "Y" THEN EXIT DO 

LOOP WHILE a§ = "n" OR a§$ = "N" 

END SUB 
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SUB COMPsecprop (Fy, aa, bb, cc, rr, t, KL, lip%, grap%, 

Area, a, b, c, r, u, xh, m, rx, ry, ro, beta, Jstv, Cw, xwel) 
ae oe ae ae ae fe ae ae ae ae ae ae ae he he oe ae ae ae ae ae hee ae ee ae ae ae ee he a EE EE EE EE EE EE 

SUBROUTINE COMPsecprop 

This routine computes the cross-sectional properties of the section, 

based on the Supplementary Information 1.2.2. Section of the Manual. 

INPUT VARIABLES: 
Fy _ -yield stength of steel (ksi) 
aa - A' depth of section (in) 

bb = - B' width of flange (in) 
cc -C' length of lip (in) 
tr -R inner radius of corners (in) 
t - thickness (in) 

lip% =0 if there is no lip 
=1 if there isa lip 

grap’% =1 print graphics and result on screen 
=0 print results on paper 

OUTPUT VARIABLES: 
Area - cross-sectional area of the section (in2) 
a - flat portion of web (in) 

b - flat portion of flange (in) 

Cc - flat portion of lip (in) 
r - midplane radius of corners (in) 

u - length of arc of 90 degree corners (in) 

xh  - distance between centroid and web centerline (in) 
m_ -distance between shear center and web centerline (in) 

rx, ry - radii of giration (in) 
ro 

beta 

Jstv - St. Venant torsion constant (in4) 

Cw_ - warping constant (in6) 
xwcl - x coordinate of the centerline of the web 

LOCAL VARIABLES: 
l - midplane length of the section (in) 
Ix, Iy - moments of inertia about the main axes (in4) 

Sx, Syr, Syl - section moduli (in3) 
ah, bh, ch - section dimensions defiened on Fig.1.2.2-1 

Cwl-Cw6 _ - helping variables for computing Cw 

gf  - (graphical) factor for defining window 
vc - vertical centerline 

hc - horizontal centerline (center of flanges) 

xwcl - coordinate of web center line 

xcgs, ycgs - coordinates of center of gravity 

xsc, ysc _ -- coordinates of shear center 
ale ae ade ae fe 2 ae ae ae he a ae 2h he 2 ae 2 ae 2c ae ee i ae 2 i 2 ee ae 2 ae a 2 ee ae aie 2 2h 2 a a ae he fe 2h a 2s ie aie ae abe ae a a ak ke oe 2 ak a a 
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'---------computing inner sizes 

r=m+t/2! 
a=aa-2!*r-t 
b=bb-(r+t/2!) -lip% * (r+ t/2!) 
c= lip% * (cc-r-t/2!) 

u=1.57*r 

'---------computing area and moment of inertia 

l=a+2!*b+2! *u+t lip% * (2! *c+2! *u) 

Area =t *1 

Ix] =a%31/241+b* (a/2!+n%2!+u* (a/2! + .637 *1r)* 2! + .149 *r% 3! 

Ix2 = lip% * (c*3!/ 12! +c * (a-c)%*2!/4! +u * (a/2! + .637 * 1) % 2! + 149 * 1% 3!) 

Ix = 2! * t * (Ix] + Ix2) 

Sx = 2! * Ix/aa 

rx = (Ix / Area) * .5 

‘eeene--istances of centroid and shear center from web centerline 

xh = 2! *t* 6 * (6/2! +r) +u * 363 * r+ lip% * (u * © + 1.637 * rn) +c * (+2! * r)))/ Area 

ah = aa -t 

bh = bb -t / 2! - lip% * t/2! 

ch = lip% * (cc - t/ 2!) 

m = bh * t * (6! * ch * ah * 2! + 3! * bh * ah “ 2! - 8! * ch “ 3!) / 12! /Ix 

ly = 2! *t*b* (/2 +r 42!+b%3!/ 12! + 356 * 143! + lip%e*(c* (+2! *r*2!+u*O+ 
1.637 * r) * 2! + .149 * r* 3!)) - Area * xh % 2! 

Syr = ly / (bb - xh -t/2!) 
Syl = ly / (xh + t/2!) 

ry = (ly / Area) * .5 
ro = (rx 6 2! + ry * 2! + (xh + m) “% 2!) %.5 

beta = 1! - (xh + m) / ro) * 2! 
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'--------St. Venant's and warping constants------- 

Jstv =t 3! * (at 2! *b+2! * ut lip% * (2! *c+2! *u))/3 

IF lip% = 1 THEN 
Cwl = xh * Area * ah “2! * (bh 42! /3! +m 2! -m *bh)/t 
Cw2 = Area * (m2! * ah * 3! + bh’ 2! * ch’ 2! * (2! *ch +3! *ah))/3!/t 
Cw3 = -Ix* m* 2! * (2! * ah +4! *ch)/t 
Cw4 =m * ch 42! * (8! * bh “2! * ch +2! * m * (2! * ch * (ch - ah) + bh * (2! * ch - 3! * ah))) /3! 
Cw5 = bh “ 2! * ah 4 2! * (3! * ch + bh) * (4! * ch + ah) - 6! * ch‘ 2!) /6! 
Cw6 = -m*2* ah’ 4!/4! 

Cw =t% 2! * (Cwl + Cw2 + Cw3 + Cw4 + Cw5 + Cw6) / Area 
ELSE 

Cw =t * ah% 2! * bh % 3! * (3! * bh + 2! * ah) / 12! / (6! * bh + ah) 
END IF 

‘.--~-------------graphical part------------------- 

IF grap% = | THEN 

CALL PLOTSECT aa, bb, cc, rr, t, a, b, c, r, lip%, gf, vc, hc, xwel) 

‘ploting cgs of the section 

xcgs = xwcl + xh 

ycgs = vc 

LINE (xcgs - .015 * gf * aa, ycgs)-STEP(.03 * gf * aa, 0!) 
LINE (xcgs, ycgs + .015 * gf * aa)-STEP(0!, -.03 * gf * aa) 
CIRCLE (xcgs, ycgs), .007 * gf * aa 

‘ploting shear center 

xsc = xwel - m 

ysc = ycgs 

LINE (xsc - .015 * gf * aa, ysc)-STEP(.03 * gf * aa, 0!) 
LINE (xsc, ysc + .015 * gf * aa)-STEP(0!, -.03 * gf * aa) 

‘labeling section with light cyan 

COLOR 11 
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IF lip% = 1 THEN 
xl = hc + bb / 2! + .025 * gf * aa ‘labeling cc on upper lip 

yl =vce+aa/2! 
CALL SHOWSIZE2("C", gf * aa, x1, yl, x1, yl - cc, “vb") 
xl =he + bb / 2! + .025 * pf * aa ‘labeling c on lower lip 
yl =vce-aa/2!+cc 
CALL SHOWSIZE2("c", gf * aa, x1, yl, xl, yl -c, "vt") 

END IF 

xl =he + bb / 2! + .07 * gf * aa ‘labeling aa 
yl =vce + aa/2! 

CALL SHOWSIZE("A", gf * aa, x1, yl, x1, yl - aa, "v") 

xl = xwel - .04 * gf * aa ‘labeling a 
yl=vce+a/2! 
CALL SHOWSIZE("a", gf * aa, x1, yl, x1, yl -a, "v") 

x1] = xwel -t/2! ‘labeling bb 
yl=vc+aa/2+ .03 * gf* aa 
CALL SHOWSIZE("B", gf * aa, x1, yl, x1 + bb, yl, "h") 

xl =hc -b/2! ‘labeling b 
yl =ve -aa/2 - .068 * gf * aa 

CALL SHOWSIZE("b", gf * aa, x1, yl, x1 +b, yl, "h") 

x1 = xwel -m ‘labeling m 
yl = .43 * gf * aa 
CALL SHOWSIZE("m", gf * aa, x1, yl, x1 + m, yl, “h") 

xl = xwel ‘labeling xh 
yl = .43 * gf * aa 
CALL SHOWSIZE2("xh", gf * aa, x1, yl, x1 + xh, yl, "hi") 

'---------------printing section properties on screen 

COLOR 7 
1=3 
LOCATE 1, 52 
PRINT "Section Properties" 
LOCATE 1 + 1, 52 
PRINT " "   

LOCATE | + 3, 52 
PRINT "A'="; USING "##.###"; aa;: PRINT "in "; 

PRINT "a= "; USING "##.4###"; a; : PRINT " in"; 

LOCATE 1 + 4, 52 
PRINT "B'="; USING "##.###"; bb;: PRINT "in "; 
PRINT "b= "; USING "##.###"; b; : PRINT " in" 
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LOCATE 1+ 5, 52 
PRINT "C'="; USING "##.###"; cc;: PRINT“ in"; 
PRINT "c= "; USING "##.###"; c; : PRINT " in" 

LOCATE 1 + 6, 52 
PRINT “R= "; USING "##.#4##"; rr; : PRINT "in"; 
PRINT "r= "; USING "##.###"; r; : PRINT " in" 

LOCATE 1 + 7, 52 
PRINT "t="; USING "##.#4##"; t,: PRINT "in "; 
PRINT “u="; USING "##.####"; u; : PRINT " in" 

LOCATE 1 + 9, 52 

PRINT "A= “; USING "##.44##"; Area; : PRINT " in2" 

LOCATE 1 + 11, 52 
PRINT "Ix="; USING "##.###"; Ix; : PRINT "in4 "; 
PRINT "rx="; USING "##.#4##"; rx; : PRINT “ in" 

LOCATE 1 + 12, 52 
PRINT "Sx="; USING "##.####"; Sx; : PRINT " in3" 

LOCATE | + 14, 52 
PRINT “ly="; USING "##.###"; ly; : PRINT "ind"; 
PRINT "ry="; USING "##.#4#"; ry; : PRINT " in" 

LOCATE 1+ 15, 51 
PRINT “Syr="; USING "##.###"; Syr; : PRINT " in3 "; 
PRINT "Syl="; USING "##.###"; Syl; : PRINT " in3" 

LOCATE | + 17, 52 

PRINT “ro="; USING “##.###"; ro; : PRINT " in" 

LOCATE 1 + 19, 52 

PRINT "xh="; USING "##.4###"; xh;: PRINT “in "°; 

PRINT "m= "; USING "##4.###"; m; : PRINT " in" 

LOCATE | + 21, 52 
PRINT "Cw="; USING "i. ####"; Cw; : PRINT " in6" 

LOCATE 1 + 22, 52 
PRINT "J= "; USING "##.#HHHHHE"; Jstv; : PRINT " in4" 

CALL presskey(27, 52) 

SCREEN 0 
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ELSE 
LPRIN [#44 #4 88S eeEEEEREEE EKER EEE EEE EEE EE EE EEE EE EEE EE EE EERE KE 

LPRINT "* *" 

LPRINT "* Program for computing the flexural, shear and axial capacity *" 

LPRINT “* of a C section based on the Allowable Stress Design +" 
LPRINT “* *" 
LLP AR TIN T1962 95 92 92 9 9 1 2 9 II IORI OR EE ORE EN 

LPRINT 

LPRINT 

LPRINT 

LPRINT TAB(5); "Material and Section Properties" 

LPRINT TAB(5); " "   

LPRINT 

LPRINT 

LPRINT TAB(10); "Yield strength of steel Fy ="; USING “##.###"; Fy; : LPRINT " ksi" 

LPRINT 

LPRINT TAB(10); “Effective length KL ="; USING "##.4##"; KL / 12!; : LPRINT " ft" 

LPRINT 

LPRINT TAB(10); “Depth of section A'="; USING "##.###"; aa; : LPRINT " in" 

LPRINT TAB(10); “Width of section B' ="; USING "##.###"; bb; : LPRINT " in" 

LPRINT TAB(10); "Length of lip C'="; USING "##.###"; cc; : LPRINT " in" 

LPRINT TAB(10); "Inner radius of corners R ="; USING "##.4###"; rr; : LPRINT " in" 

LPRINT TAB(10); "Thickness t ="; USING "#4. ####"; t; : LPRINT " in" 

LPRINT 

LPRINT TAB(10); "Flat portion of web a ="; USING "##.###"; a; : LPRINT " in" 

LPRINT TAB(10); "Flat portion of flanges b ="; USING "##4.###"; b; : LPRINT " in" 

LPRINT TAB(10), "Flat portion of lips c ="; USING “"##.4#4#"; c; : LPRINT " in" 

LPRINT TAB(10); “Midplane radius of corners r ="; USING “##.4##"; r, : LPRINT " in" 

LPRINT TAB(10); "Length of arc u ="; USING "##.4##"; u; : LPRINT " in" 

LPRINT 

LPRINT TAB(10); “Area of cross section A ="; USING "##.###"; Area; : LPRINT " in2" 

LPRINT 

LPRINT TAB(10); "Moment of inertia about x Ix = "; USING “##.#H##"; Ix; : LPRINT " in4" 

LPRINT TAB(10); "Moment of inertia about y ly ="; USING "##.###"; Iy; : LPRINT " in4" 

LPRINT 

LPRINT TAB(10); "Radius of gyration about x rx = "; USING "##.###"; rx; : LPRINT " in" 

LPRINT TAB(10); "Radius of gyration about y ry = "; USING “##.###"; ry; : LPRINT " in" 

LPRINT TAB(10); "Polar radius of gyration ro = "; USING "##.###"; ro; : LPRINT " in" 

LPRINT 

LPRINT TAB(10); "Section modulus about x Sx = "; USING "##.4###"; Sx; : LPRINT " in3" 

LPRINT TAB(10); "Section mod. about y (right) Sy ="; USING "##.###"; Syr, : LPRINT " in3" 

LPRINT TAB(10); “Section mod. about x (left) Sy ="; USING “##.###"; Syl; : LPRINT " in3" 

LPRINT 

LPRINT TAB(10); "Dist. bw cent. and web centerline xh ="; USING "##.###"; xh; : LPRINT * in" 

LPRINT TAB(10); "Dist. bw shear cent. and web cl. m ="; USING "#4.4##"; m; : LPRINT " in" 

LPRINT 

LPRINT TAB(10); "Warping constant Cw ="; USING "##.###"; Cw; : LPRINT " in6" 

LPRINT TAB(10); "St. Venant constant J ="; USING "#4.H#HH#H", Istv; : LPRINT " in4" 
LPRINT CHR$(12) ‘end of page 

END IF 

END SUB 

86



SUB COMPflexcap (Fy, aa, bb, cc, rr, t, a, b, c, r, u, lip%, xwel, grap%, be, C1, C2, ds) 
ae ae ae ae ake af ae ae ae ae ae ae ae ae afc whe ae ae ae ae ae ae ae ae ae ae ae he ae ah ah ah ah ee ae ae ae ae ae ae a Me he ae he he fe ae eae ae ae a oe eae ae a a a ae a a a a a a 

'* This routine computes the flexural capacity of the section 

'* INPUT VARIABLES: 
'* Fy —- yield stength of steel (ksi) 

'* aa = - depth of section (in) 
bb = - width of flange (in) 
cc = - length of lip (in) 

'* rr - inner radius of corners (in) 

t - thickness (in) 

a - flat portion of web (in) 

b - flat portion of flange (in) 

Cc ~ flat portion of lip (in) 
r - midplane radius of corners (in) 

u - length of arc of 90 degree corners (in) 

* lip%  =0 if there is no lip 
* = 1 if there is a lip 

'* xwcl - x coordinate of the centerline of the web 
'* grap% = 1 print graphics and result on screen 
‘* = (0 print results on paper 

'* OUTPUT VARIABLES: 
'* be  - effective width of flange 

'* C1,C2 - coefficients of effective portions of flange 
'* ds - reduced effective width of stiffener 

'* LOCAL VARIABLES: 
'* E — - modulus of elasticity 
'* dsp - effective width of stiffener 

‘* gf  - (graphical) factor for defining window 
'* vc —_- vertical centerline 

'* hc - horizontal centerline (center of flanges) 
'* x1, yl - coordinates of dimension lines 

‘* Ipxe - linear effective moment of inertia (in3) 
'* Ixe  - effective moment of inertia (in4) 

'* Sxet - effective section modulus (top) (in3) 
'* Sxeb - effective section modulus (bottom) (in3) 
'* Sxe - smallest effective section modulus (in3) 
'* Mn _ - nominal moment capacity (kip-in) 
O ae sie ae ae ae fee ae ae af 2h ae ae a ae ae ae ae 2c ae ae ae ae 2 ae ae ae ae 2 2 ae 2 eae aie ae ae ae age ae ae ae eae a 2 ae ae ae fe ae ae ae ee ae ae ae ae ae ae a a ake ea oe a ak a ake 

IF grap% = 1 THEN 

SCREEN 12 
CLS 
CALL PLOTSECT<{aa, bb, cc, rr, t, a, b, c, r, lip%, gf, vc, hc, xwcl) 

COLOR 7 
LOCATE 1, 52 
PRINT "Computing flexural strength" 
LOCATE 2, 52 
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ELSE 

END IF 

  PRINT " " 

LPRINT TAB(5); “Computing flexural strength" 
LPRINT TAB(S5); " " 
LPRINT 
LPRINT 
IF lip% = 1 THEN 

LPRINT TAB(10); "Effective width of edge stiffener Section B3.2 of Spec." 

LPRINT 
END IF 

  

E = 29500 

'--------------Computing the flange and the lip 

IF lip% = 1 THEN 

ELSE 

END IF 

'.-----~--------Effective width of lip (stiffener) 

‘nw-------------Unstiffened Element with Stress Gradient: 

‘enenenn--------Sect. B3.2 of Spec. 

CALL COMPeffwidth(c, t, .43, Fy, grap%, la, dsp) ‘dsp: ds prime: effective 

' width of stiffener 

' ----Effective width of compression flange 
'-------------Uniformly Compressed Element with Edge Stiffener: 
'---------------Sect. B4.2 of Spec. 

  

IF grap% = 0 THEN 
LPRINT 
LPRINT 
LPRINT TAB(10); “Effective width of compression flange Section B4.2 of Spec." 
LPRINT 

END IF 

CALL COMPflange(b, t, Fy, cc, c, dsp, grap%, be, C1, C2, ds) 

‘_-~------------Uniformly Compressed Unstiffened Element: 

\nernn nen nnn none Sect. B3.1 of Spec. 

IF grap% = 0 THEN 
LPRINT 
LPRINT 
LPRINT TAB(10); "Effective width of compression flange Section B3.1 of Spec.” 

LPRINT 
END IF 

CALL COMPeffwidth@, t, .43, Fy, grap%, la, be) 
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‘-------writing message about effectiveness of comp.flange --- 

IF be < b THEN 

ELSE 

END IF 

IF grap% = 1 THEN 

  

LOCATE 4, 52 
PRINT "Comp. flange isn't fully eff."; 
LOCATE 5, 52 
PRINT “be="; USING "##.####"; be; : PRINT " in < "; 
PRINT "b="; USING "##.###"; b; : PRINT " in" 

showing uneffective portion of flange----- 
COLOR 10 

IF lip% = 1 THEN 

ELSE 

END IF 

ELSE 

END IF 

LINE (he + b / 2! - C2 * be / 2!, vc + aa / 2!)-STEP(0, -t) 
LINE (he - b / 2! + Cl * be / 2!, vc + aa / 2!)-STEP(0, -t) 
PAINT (he + b / 2! - C2 * be / 2! - ( - be) / 2!, ve + aa/ 2! -t/ 2!) 

COLOR 11 
xl =he-b/2!+Cl1 * be/2! ‘labeling b-be 
yl=vc+aa/2+ .03 * gf* aa 
CALL SHOWSIZE2("b-be", gf * aa, x1, yl, x1 + (b - be), yl, "hl") 

LINE (he +b /2!, vc + aa / 2!)-STEP(O, -t) 
LINE (he + b /2! - (b - be), ve + aa / 2!)-STEP(0, -t) 
PAINT (he + b/2! - (b - be) /2!, ve + aa/2! -t/2!) 

COLOR 11 
xl =hc-b/2! ‘labeling be 
yl=vce+aa/2+ .03 * gf * aa 
CALL SHOWSIZE("be", gf * aa, x1, yl, x1 + be, yl, "h") 

LPRINT TAB(15); "be="; USING "##.###"; be; : LPRINT " in < b ="; USING "##.###"; b; 
LPRINT “in Comp. flange is not fully eff." 

IF grap% = 1 THEN 

ELSE 

END IF 

LOCATE 4, 52 
PRINT “Comp. flange is fully eff." 
LOCATE 5, 52 
PRINT TAB(52); “be = b ="; USING "##.###"; b; : PRINT " in" 

LPRINT TAB(15); "be = b ="; USING "##.####"; b; 

LPRINT "in Comp. flange is fully effective" 
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IF grap% = 1 THEN 
COLOR 11 
xl =he-b/2! ‘labeling b 
yl =ve -aa/2 - .068 * gf * aa 

CALL SHOWSIZE("b", gf * aa, x1, yl, x1 +b, yl, "h") 
END IF 

IF lip% = 1 THEN 

'.---------writing message about effectiveness of comp lip on screen--- 

IF ds < c THEN 

IF grap% = 1 THEN 
COLOR 7 
LOCATE 7, 52 
PRINT "Comp. lip isn't fully eff." 

LOCATE 8, 52 
PRINT "“ds="; USING "##.###"; ds; : PRINT " in <"; 
PRINT "d="; USING "##.###"; c; : PRINT " in" 

‘----------showing uneffective portion of lip----- 

COLOR 10 
LINE (hc + bb / 2!, vc + a/ 2! - ds)-STEP(-t, 0) 
PAINT (he + bb / 2! -t/2!, ve +a/2! - ds - (c- ds) /2!) 

COLOR 11 
xl = hc + bb / 2! + .023 * pf * aa ‘labeling ds 
yl=vce+a/2! 
CALL SHOWSIZE2("ds", gf * aa, x1, yl, x1, yl - ds, “vb") 

ELSE 
LPRINT TAB(15); “ds="; USING "##.###"; ds; : LPRINT " in < d ="; 

USING "##.###"; c; 

LPRINT "in Comp. stiffener is not fully eff." 
END IF 

ELSE 

IF grap% = 1 THEN 
COLOR 7 
LOCATE 7, 52 
PRINT "Comp. lip is fully eff." 
LOCATE 8, 52 
PRINT “ds = d ="; USING "##.###"; c; : PRINT " in" 

ELSE 
LPRINT TAB(15); "ds = d ="; USING "##.###"; c; 
LPRINT "in Comp. stiffener is fully effective" 

END IF 

END IF 
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IF grap% = 1 THEN 
COLOR 11 
xl = he + bb / 2! + .08 * gf * aa 
yl=ve+a/2! 

CALL SHOWSIZE2("d", gf * aa, x1, yl, x1, yl -c, “vb") 
END IF 

END IF 

'.------------Computing the location of neutral axis and effectiveness of web 

'------------distances from top fiber 

yl = (1! - .637) *r+t/2! 
y2 =t/2! 
y3 =aa-t/2! 
y4 = aa - (1! - .637) *r-t/2! 
y5=t/2!+r+ds/2! 
y6 =aa-t/2!-r-c/2! 

"serene----=--Summa Ly 
Lyl =u * yl + lip% * (u * yl) 
Ly2 = be * y2 

Ly3 = b * y3 
Ly4 =u * y4 + lip% * (u * y4) 
Ly5 = lip% * (ds * y5) 
Ly6 = lip% * (c * y6) 

‘top corners 
‘top flange 
‘bottom flange 

‘bottom corners 

‘top lip 
‘bottom lip 

sumLy = Ly1 + Ly2 + Ly3 + Ly4 + LyS + Ly6 

' -Computing ycg and effective width of web   

IF grap% = 0 THEN 
LPRINT 
LPRINT 

‘labeling d on upper lip 

LPRINT TAB(10); “Computing the location of neutral axis and effective width of web" 
LPRINT 

END IF 

CALL COMPweb(Fy, aa, t, a, b, c, r, u, be, ds, sumLy, lip%, grap%, b1, b2, b3, le, ycg, y7, y8, I%) 

IF grap% = 1 THEN 

'.~--------dashline for ycg and labeling ycg 

length = 1.4 * bb 
lengthdash = length / 20! 
COLOR 10 

‘length of the whole line 
‘length of one segment 

FOR j% = 0 TO 19 STEP 2 
LINE (he - .7 * bb + j% * lengthdash, vc + aa / 2! - ycg)-STEP(lengthdash, 0) 

NEXT j% 
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COLOR 11 
xx1 = he - bb / 2! - .07 * gf * aa ‘labeling ycg 
yyl =vce + aa/2! 
CALL SHOWSIZE("ycg", gf * aa, xx1, yyl, xx1, yyl - ycg, "v") 

  --showing uneffective portion of web, labelling b1 and b2------ 

IF I% < 1 THEN 

COLOR 10 
yy4 =vet+a/2!-bl 
yy5 = ve + aa/ 2! -ycg + b2 
LINE (xwel - t / 2!, yy4)-STEP(t, 0) ‘border lines of 

LINE (xwel - t / 2!, yy5)-STEP(t, 0) ‘uneffective portion 

PAINT (xwel, (yy4 + yy5) / 2!) ‘painting by choosing 
‘the midpoint 

COLOR 11 

xx2 = xwel -t/2!+ .04 * gf * aa ‘labeling bl 
yy2 =ve+a/2! 

CALL SHOWSIZE("b1", gf * aa, xx2, yy2, xx2, yy2 - bl, "v") 

xx3 = xwel -t/ 2! + .04 * pf * aa ‘labeling b2 
yy3 = ve + aa/ 2! - ycg + b2 
CALL SHOWSIZE("b2", gf * aa, xx3, yy3, xx3, yy3 - b2, “v") 

  

END IF 

END IF 

‘ --calculation of Ixe and Sxe 

‘moment of inertia about own axis for 

I1p = lip% * (ds * 3! / 12) ‘top lip 
I6p = lip% * (c * 3! / 12!) ‘+bottom lip 

sumLy2 = u * yl * 2! + be * y2%2!+b* y3%2!+u* y442!+ 
lip% * (u* yl * 2! +u * y4% 2! +ds * y5* 2! +c * y6% 2!) 

IF I% = 1 THEN ‘there was no iteration, 

I7p = 0! ‘the web is fully effective 
I8p =a% 3! / 12! 
sumLy2 = sumLy2 + a * y8 * 2 

ELSE ‘the web is not fully eff. 
I7p = bl * 3! / 12! 
I8p = b3 * 3! / 12! 

sumLy2 = sumLy2 + b1 * y7 * 2! + b3 * y8 “ 2! 
END IF 
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sumIp = Ilp + 6p + I7p + I8p 

Ipxe = sumLy?2 - le * ycg “ 2! + sumIp 
Ixe = Ipxe * t 
Sxet = Ixe / ycg 
Sxeb = Ixe / (a - ycg) 

Sxe = Sxet 

IF Sxe > Sxeb THEN Sxe = Sxeb 

Mn = Sxe * Fy 

'--e-------printing results on the screen---   

IF grap% = 1 THEN 

COLOR 7 
LOCATE 18 + I%, 52 
PRINT "Ixe="; USING "##.####"; Ixe; : PRINT " in4 Sxe="; : 
PRINT USING "##.###"; Sxe; : PRINT " in3" 

LOCATE 20 + I%, 52 
PRINT "Mn="; USING "#####.#HH";, Mn; : PRINT " in-kips" 

LOCATE 21 + I%, 52 
PRINT "Ma="; USING "#4. ####"; Mn / 1.67; : PRINT " in-kips" 

CALL presskey(28, 52) 

ELSE 

LPRINT 

LPRINT 
LPRINT TAB(10); “Computation of Ixe and Sxe" 
LPRINT 
LPRINT TAB(15); "Effective moment of inertia Ixe ="; USING "/HHt.#4#?",; Ixe; : LPRINT " in4" 

LPRINT TAB(15); “Effective section modulus Sxe ="; USING "###.###"; Sxe; : LPRINT " in3" 

LPRINT TAB(15); "Nominal moment capacity Mn ="; USING "###.4##"; Mn; : 

LPRINT " kip-in" 
LPRINT TAB(15); "Allowable moment capacity Ma ="; USING “###.##H#"; Mn / 1.67; : 

LPRINT " kip-in" 
LPRINT CHR$(12) 

END IF 

END SUB 
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SUB COMPeffwidth (w, t, k, f, grap%, la, b) 
1 ae ahs oe Re he ahr he he ae ae ae ae ae che he he 2 Oe ae ae ae ee he he ee Me ae ae fe ae ae he 2 a ake ae ae fe ae ae he ae he ae ae ae ae cafe he he 2 2 Me aie hc ae fee ae he he 2 ae ae ae ae ae ac ake ak a: 

'* Subroutine COMPeffwidth 

'* This routine computes the effective width of an 
'* element, based on section B2.1 of the Spec. 

'* INPUT VARIABLES: 
'* w _ - flat width of element 

* t - thickness of element 
‘* k - plate buckling coefficient 
‘* f - specified stress in element 
‘* grap% =1 print graphics and result on screen 
‘* =0 print results on paper 
tie 

'* OUTPUT VARIABLE: 
'* la _—_- slenderness factor 
'* b ~ effective width of element 

' LOCAL VARIABLES: 

'* ro  - reduction factor 
ae ae ae ae ae ae ah ae 2 Oe oe he he he ee a a a a a a a a a a KEKE AAA AREA KKK HEA ARKH EK KEKE EK 

la = 1.052 /k* .5 * w/t * (£/ 29500!) * 5 

IF la <= .673 THEN no reduction 

ro= I! 

ELSE ‘reduction 

ro = (1 -.22/la)/la 

END IF 

b=ro*w 

IF grap% = 0 THEN 

LPRINT TAB(15); "Buckling coefficient 

LPRINT TAB(15); "Slenderness ratio 
LPRINT TAB(15); "Reduction factor 

LPRINT TAB(15); "Effective width 

END IF 

END SUB 
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k =": USING "##.###"; k 

la ="; USING "##.#4#"; la 

ro = "; USING “##.###"; ro 

b ="; USING "##.###"; b; : LPRINT " in"



SUB COMPflange (w, t, f, dd, d, dsp, grap%, be, C1, C2, ds) 
1 ae ae afe fe fe afc ae ae fe ae ale ae a ae eae a ae sf fe ae ae a ae ai ee ae ae fe ae ae eae fe 2h 2 2 a ae eae ae ae ae ae fe ae ae 2 ae ie he ae af he ae ae 2 ae ac ae ae ae he he 2 ak ok 2 

This routine computes the effective width of a uniformly compressed 
stiffened element, based on sect. B4.2. 

INPUT VARIABLES: 

w _ - flat width of element 

t - thickness of element 

f - specified stress in element 
dd -D length of stiffener including bend (see Fig. B4-2) 
d - width of the flat portion of stiffener (lip) 
dsp_ - effectife width of stiffener 
grap% =1 print graphics and result on screen 

=Q print results on paper 

OUTPUT VARIABLES: 
be  - effective width of element ( compression flange ) 

C1,C2- coefficients of effective portions of flange 

ds - reduced effective width of stiffener (lip) 

LOCAL VARIABLES: 
E — -modulus of elasticity (kip) 

S _- quantity defined in sect. B4 of Spec. 
Ia = - adequate moment of inertia of stiffener 

n _- power for calculating k 
Iss -Is moment of inertia of stiffener 

k - plate buckling coefficient 
Hae ae ae a ae he a ae ae ae ae ae she he he ae ae ae ae ae ae ae ae ae ee ae fe ae ee ae a he 2 oe ee ae ae ae ah 3 2 fe ae ae ae he he a he 2 ae ae ae ae fee ae he fe 2 2 ie ak ac oe ae oe oe 

E = 29500 
S= 1.28 * (E/f)* 5 

SELECT CASE w/t 
CASE IS <= S$ /3! ‘Case I 

be = w 

ds = dsp 

IF grap% = 0 THEN 
LPRINT TAB(15); “w/t ="; USING "##.4##"; w / t; 

LPRINT " < S/3 ="; USING “##.###"; S / 31; 

LPRINT " case I" 

LPRINT TAB(15); “Effective width of element b="; be; “in" 

END IF 
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CASE IS > 8/3! ‘Case II and III (same procedure applies 
‘only Ia and n are different) 

IF w/t<S THEN ‘Calculating Ia and n for Case II 

Ia = 399! * (w/t/S- .33)43!*t%4! 

n=.5 

IF grap% = 0 THEN 
LPRINT TAB(15); "S/3 ="; USING "##4.###"; S / 3; 
LPRINT " < w/t ="; USING “##.###"; w /t!; 
LPRINT * <S ="; USING “##.4###"; S; 
LPRINT " case II" 

END IF 

ELSE ‘Calculating Ia and n for Case ITI 

Ia = (115! *w/t/S+5!)*t%*4 

n=1!/3! 

IF grap% = 0 THEN 
LPRINT TAB(15); “w/t ="; USING "##.#4##"; w / tl; 

LPRINT "> S ="; USING "#4. ###"; S; 

LPRINT " case III" 

END IF 

END IF 

Iss=d*3 *t/ 12! 

C2 = Iss / Ia 

IF C2 > 1! THEN C2 = 1! 
Cl =2!-C2 

IF grap% = 0 THEN 

LPRINT TAB(15); "Req'd moment of inertia of stiffener Ia = "; 
USING "#.4#####": Ia: : LPRINT " ind" 

LPRINT TAB(15); "Actual moment of inertia of stiffener Is = "; 
USING "#.#44HHH", Iss; : LPRINT " in4" 

END IF 
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SELECT CASE dd /w 

CASE IS <=..25 
k = 3.57 * (Iss /Ia) “n+ .43 
IF k > 4! THEN k = 4! 

IF grap% = 0 THEN 
LPRINT TAB(15); "D/w = "; USING "##.4##"; dd / w; : 

LPRINT " < 0.25" 
END IF 

CASE IS > .8 
PRINT “no provisions of the Spec. applies to D/w > .8 ratios" 

END 

CASE ELSE 
k = (4.82 - 5 * dd/ w) * (Iss / Ia) “n+ .43 
IF k > 5.25 -5 * dd/w THEN k = 5.25 - 5 * dd/w 

IF grap% = 0 THEN 
LPRINT TAB(15); "0.8 > D/w = "; USING "##.###"; dd/w; : 

LPRINT " > 0.25" 

END IF 

END SELECT 

CALL COMPeffwidth(w, t, k, f, grap%, la, be) ‘be: effective width of flange 

ds = dsp * (ss / Ia) ‘reduced effective width of lip 
IF ds > dsp THEN ds = dsp 

IF grap% = 0 THEN LPRINT TAB(15); “Reduced eff. width of stiffener ds = "; 
USING "it. #H##"; ds; : LPRINT “ in" 

END SELECT 

END SUB 
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SUB COMPweb (Fy, aa, t, a, b, c, r, u, be, ds, sumLy, lip%, grap%, b1, b2, b3, le, ycg, yu, yl, I%) 
8 ae ae afe ae afc ale ae afc af ae age afe af age he ae ae af afc ae ae ade age ae ake a ae af ah he ae ac ae he fe ae afc ae ae alee hee 2 2 ae ae 2h af ae 2 aoe ae ae he 2 ae ake ae ae ae ak oe ade ae ae oe ae ok aie ae 2 ak 

'* This routine computes the location of neutral axis (ycg) and 

'* the effective portions of the web, based on Sect. B2.3 

'* INPUT VARIABLES: 
'* Fy = - yield stength of steel (ksi) 
'* aa = - depth of section (in) 

t - thickness (in) 

a - flat portion of web (in) 

b ~ flat portion of flange (in) 

Cc - flat portion of lip (in) 

‘* Yr - midplane radius of corners (in) 

u - length of arc of 90 degree corners (in) 

be __- effective width of flange (in) 

'* ds - reduced effective width of stiffener (in) 
'* sumLy- summation of the L*y terms of the other elements then web 

'* lip% =0 if there is no lip 

‘* =] if there is a lip 
'* grap% $=1 print graphics and result on screen 

‘* = 0 print results on paper 
1% 

‘* OUTPUT VARIABLES: (Fig. B2.3-1) 
'* bl = - upper effective portion of web 
'* b2 = - lower effective portion of web (until ycg) 
'* b3 = - total lower effective portion of web ( b3 = b2 + aten ) 

'* le = - effective length of the section 
'* ycg - location of neutral axis 
'* yu - distance of the upper effective portion (b1) from top 
‘* extreme fiber 
'* yl = - same for the lower effective portion (63) 
'* 1%  - loop counter (used in the LOCATE statements) 
rr 

'* LOCAL VARIABLES: 
‘'* ssumLy - summation of the L*y terms for all elements 
'* bl2prev - variable for storing the value of b1+b2 for the next 
* iteration (so that we can compare them) 
'* acomp - compression part of the web 

'* fl - stress at upper end of the flat portion of the web 
'* aten - tension part of the web 
'* f2 = - stress at lower end of the flat portion of the web 
* fi -=f2/fl coefficient for computing k 
* k - plate buckling coefficient 
'* ae  - effective width of web 
'* diff - difference between the last two b1+b2 values 
Wage age ade she aft fe ae she afe afc fe ae af fe ae ae afc ae ae age afc ae af age afc ae af afc 3 aft afc ae ake af ae af afe age ae af ae 2h ae fe ae ade af ae af fe afe afe ofe afc ae ae ae fe ae fe fe hc fe fe fe ke ok ae 2 ok ak ak 
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I% = 0 

DO ‘iteration loop to find effective portion of web 
I%=I%+ 1 

IF I%= 1 THEN first loop, assuming web 

‘is fully effective 
IF grap% = 1 THEN 

COLOR 7 
LOCATE 10, 52 
PRINT "Assuming web is fully eff." 

ELSE 
LPRINT TAB(15); “Assuming web is fully effective" 
LPRINT 

END IF 

le=2!*u+be+bt+a+tlip%* (2! *u+ds+c) _ ‘effective length 

yl! =aa/2! 
ssumLy = sumLy + a * yl 

ELSE ‘iteration to find effective 

‘portions of web 
le = 2! *u+be+b+bl + b3 + lip% * (2! *u+ds+c) 
yu=b1/2!+r+t/2! 
ssumLy = sumLy + b1 * yu 

yl = aa-t/2!-r-b3/2! 

ssumLy = ssumLy + b3 * yl 

bl2prev = bl + 62 ‘storing value for next iteration 

END IF 

ycg = ssumLy / le 

' Effective width of web 
‘ Stiffened Element with Stress Gradient: 
‘e-n------------Sect. B2.3 on p. I-32 of Spec. 

acomp = ycg-r-t/2! ‘compression portion of web 
fl = Fy * acomp / ycg 

aten = aa - ycg-r-t/2! ‘tension portion of web 
f2 = -Fy * aten / ycg 

fi=f2/fl 
k= 4!+2!* (1! -fi)*3!4+2!1* (1!-f) 
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IF grap% = 0 AND I% = 1 THEN ‘this routine will only print 
prin% = 0 ‘to printer for the first loop 

ELSE 

prin% = 1 
END IF 

IF prin%=0 THEN 
LPRINT TAB(15); “Location of neutral axis ycg = "; USING "#4#.#H##"; ycg; : LPRINT " in" 

LPRINT TAB(15); "Compression portion of web acomp ="; USING "##.###"; acomp; 

LPRINT “in fl ="; USING "Ht. ##H"; f1; : LPRINT “ ksi" 

LPRINT TAB(15); "Tension portionofweb aten ="; USING "##.###"; aten; 
LPRINT “in f2 ="; USING "##4.###"; £2; : LPRINT " ksi" 

END IF 

CALL COMPeffwidth(a, t, k, fl, prin%, la, ae) ‘ae: effective width of web 

bl = ae/ (3! - fi) 

IF fi <= -.236 THEN 

b2 = ae / 2! 

ELSE 

b2 = ae -bl 
END IF 

IF prin%=0 THEN 

LPRINT TAB(15); “fi ="; USING "##.###"; fi; 

LPRINT ;"_ bl ="; USING “##.4#4#"; b1; 

LPRINT “in 62 ="; USING "##.###"; b2; : LPRINT " in" 

END IF 

'-------~----deciding whether assumption was correct or not--- 

IF bl + b2 > acomp THEN ‘assumption is correct:web is fully 
‘effective, we can compute Ixe, Sxe 

IF grap% = 1 THEN 
COLOR 7 
LOCATE 12, 52 
PRINT “Assumption correct" 
LOCATE 14, 52 
PRINT "“ycg="; USING "##.#4##"; ycg; : PRINT " in" 
LOCATE 16, 52 
PRINT "b1+b2="; USING "##.###"; b1 + b2; : PRINT " < acomp="; : 

PRINT USING "##.#4##"; acomp 
ELSE 

LPRINT TAB(15); "b1+b2 ="; USING "##.####"; b1 + b2; : LPRINT " in > acomp ="; 

USING "##.####"; acomp; 
LPRINT “in Assumption correct" 

END IF 

EXIT DO 
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ELSE ‘iteration needed to find effective 

‘portion of the web 
IF I% = 1 then 

if grap% = 1 THEN 
COLOR 7 
LOCATE 12, 52 
PRINT "Assumption incorrect," 

LOCATE 13, 52 
PRINT "iteration needed." 
LOCATE 15, 52 
PRINT" yeg bl+b2~ = diff.%" 

ELSE 
LPRINT TAB(15); "b1+b2 ="; USING “##.###"; bl + b2; : 

LPRINT " in > acomp =";USING "##.####"; acomp; 
LPRINT "in Assumption incorrect" 
LPRINT TAB(15); “Iteration needed to find effective portion of web" 

LPRINT 
LPRINT TAB(15); “iter ycg fi k la bl+b2 ~~ diff" 

END IF 

END IF 

b3 = aten + b2 

END IF 

diff = ABS(1 - b12prev / (b1 + b2)) * 100! 

IF grap% = 1 THEN 

COLOR 7 
LOCATE 16 + I%, 52 
PRINT USING “##.#4##"; ycg;: PRINT" °; 

PRINT USING "##.###"; b1 +b2;: PRINT" "; 
IF I% > 1 THEN PRINT USING "##Ht.#HHI", diff 
PRINT 

ELSE 
LPRINT TAB(15); I%; 
LPRINT TAB(21); USING "#4#.####"; ycg; : 
LPRINT TAB(31); USING "##.#H##"; fi; 
LPRINT TAB(41); USING "##.###"; k; 
LPRINT TAB(50); USING "##.###"; la; 
LPRINT TAB(59); USING "##.###"; bl + b2; 
IF 1% > 1 THEN 

LPRINT TAB(67); USING “#4. ###"; diff 

ELSE 
LPRINT 

END IF 

END IF 
LOOP UNTIL diff < .1 
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IF grap% = 0 AND I%> 1 THEN 

LPRINT 

LPRINT TAB(15); "Difference is less then .1 percent, close enough" 

END IF 

END SUB 

SUB COMPshearcap (Fy, a, t, grap”) 
eG GRO IG IR OR OR oqo ok 

'* This routine computes the shear capacity of the section, 

'* based on section C3.2 of Spec. 
tik 

'* INPUT VARIABLES: 
'* Fy — - yield stength of steel (ksi) 
‘* a - flat portion of web (in) 
* t ~ thickness (in) 
'* grap% =1 print graphics and result on screen 
‘* =0 print results on paper 
1% 

'* INPUT VARIABLES: 
*h  - height of element 
'* kv - plate buckling coefficient 
'* E — - modulus of elasticity 
Safe x 

'* Va _ - shear capacity of the section (kip) 
SEERA HEKRAKKEKAKKAHKEKHKKKA KKH EKA KKK KKK ERKKKEKKEKK KKK AKHKKKKKKKHKKAKKKKKHKS KE 

IF grap% = 0 THEN 
LPRINT TAB(5); "Computing shear capacity (Section C 3.2 of Spec.)" 
LPRINT TAB(S); " 
LPRINT 

END IF 

h=a 

kv = 5.34 

E = 29500! 

x=(E* kv /Fy)4.5 
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IF h/t <= 1.38 * x THEN ‘case a 

Va = .38 *t 2! * (kv * Fy * E)% .5 

IF grap% = 0 THEN 

LPRINT TAB(15); “h/t ="; USING "######"; h/t; 

LPRINT " < 1.38 * (E kv/Fy) “.5 ="; USING "#44. #H##", 1.38 * x; 

LPRINT" case A" 

LPRINT TAB(15); "Shear capacity (inelastic) (Va)1 ="; USING "###.###"; Va; : 

LPRINT " kips" 

LPRINT TAB(15); "Shear capacity (yield) (Va)2 ="; USING "###.###"; .4* Fy *h*t;: 

LPRINT " kips" 

END IF 

IF Va>.4* Fy *h*t THEN 

Va=.4*Fy*h*t 

IF grap% = 0 THEN LPRINT TAB(15); "Yield governs" 

ELSE 
IF grap% = 0 THEN LPRINT TAB(15); "Inelastic buckling governs" 

END IF 
ELSE ‘case b 

IF grap% = 0 THEN 
LPRINT TAB(15); "h/t ="; USING "###t HH"; h/t; 
LPRINT " > 1.38 * (E kv/Fy) * .5 ="; USING "###. HAP"; 1.38 * x; 
LPRINT " case B" 
LPRINT TAB(15); “Elastic buckling governs" 

END IF 

Va=.53 *E*kv *t*3!/h 
END IF 

IF grap% = 1 THEN 

COLOR 7 

LOCATE 2, 52 
PRINT "Shear and axial strength” 
LOCATE 3, 52 
PRINT " "   

LOCATE 5, 52 

PRINT "Va="; USING "####.####"; Va; : PRINT " kips" 

ELSE 

LPRINT 

LPRINT TAB(15); "Shear capacity Va ="; USING "##4.###"; Va; : LPRINT " kips" 

END IF 

END SUB 
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SUB COMPcompcap (Fy, aa, bb, cc, t, KL, Area, a, b, c, r, u, rx, ry, ro, beta, Jstv, Cw, be, C1, C2, ds, gf, 

ve, he, lip%, xwcl, grap%) 
ae age ae ate ae ae ae ae ae oe ae 2 oe ake a a a a EK KK KEKE KEKE KKK KEKEKEKEEEEKKKAKEKRKE KEE 

'* This routine computes the compression capacity of the section based on Sect. C4 

‘* INPUT VARIABLES: 
'* Fy - yield stength of steel (ksi) 
'* aa - A' depth of section (in) 
‘* bb = - B' width of flange (in) 

'* cc -C' length of lip (in) 
'* t - thickness (in) 

'* KL - effective length (in) 
‘* Area - cross-sectional area of the section (in2) 

‘* a - flat portion of web (in) 
‘* b - flat portion of flange (in) 
'* ¢ - flat portion of lip (in) 
‘fr - midplane radius of corners (in) 

*u - length of arc of 90 degree corners (in) 

'* rx, ry- radii of giration (in) 

'* TO 

'* beta 
'* Jstv - St. Venant torsion constant (in4) 
'* Cw - warping constant (in6) 

'* be _ - effective width of flange 
'* C1,C2- coefficients of effective portions of flange 
'* ds - reduced effective width of stiffener 
'* gf  - (graphical) factor for defining window 
'* vc - location of vertical centerline of section 
'* he — - location of horizontal centerline of section 

'* lip% =0 if there is no lip 
'* = 1 if there is a lip 
'* xwcl - x coordinate of the centerline of the web 
'* grap% =1 __ print graphics and result on screen 

* =0 print results on paper 

'* LOCAL VARIABLES: 
to pi 

'* E — - modulus of elasticity 
'* GG - shear modulus 

Hino BE OE Ea EAE IA IOI IORI IRIE IER OR EEE EE 

pi = 3.1415927# 

E = 29500 
GG = 11300 
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  ono--------=-----Computing Fe-- 

Fel = pi* 2! * E/(KL/ry)%2! 

sigex = pi* 2! * E/ (KL/rx)*2! 
sigt = (GG * Jstv + pi * 2! * E * Cw/ KL % 2)/ Area/ro% 2! 
Fe2 = (sigex + sigt - ((sigex + sigt) * 2! - 4! * beta * sigex * sigt) * .5) / 2! / beta 

Fe = Fel 

IF Fe > Fe2 THEN Fe = Fe2 

'-~-------------determining Fn------------------- 

IF Fe > Fy / 2! THEN 

FFn = Fy * (1! - Fy / 4! / Fe) 
ELSE 

FFn = Fe 

END IF 

'---e-e---—-printing relevant data on the screen---~- 

IF grap% = 1 THEN 
LOCATE 7, 52 

PRINT "Flexural buckling stress:" 
LOCATE 8, 52 

PRINT "(Fe)1="; USING "####.####"; Fel; : PRINT " ksi" 
LOCATE 10, 52 

PRINT "Tors.-flex. buckling stress:" 
LOCATE 11, 52 
PRINT "(Fe)2="; USING "###.####"; Fe2; : PRINT " ksi" 
LOCATE 13, 52 
PRINT “Fe="; USING “###.###"; Fe; : PRINT " ksi "; 

PRINT "Fn="; USING “###.#4##"; FFn; : PRINT “ ksi" 
ELSE 

LPRINT 
LPRINT 
LPRINT TAB(5); "Computing axial strength" 
LPRINT TAB(5); " " 
LPRINT 
LPRINT TAB(10); “Determining Fn" 

LPRINT 
LPRINT TAB(15); “Flexural buckling stress (Fe)] ="; USING “###.###"; Fel; : LPRINT " ksi" 
LPRINT TAB(42); "sigma ex ="; USING "###.####"; sigex; : LPRINT " ksi" 

LPRINT TAB(43); “sigma t ="; USING "###.###"; sigt; : LPRINT " ksi" 
LPRINT TAB(15); “Tors.-flex. buckling stress (Fe)2 ="; USING "###.###"; Fe2; : LPRINT " ksi" 
LPRINT 
LPRINT TAB(48); "Fe ="; USING "###.####"; Fe; : LPRINT " ksi" 
LPRINT TAB(48); "Fn ="; USING "###.###"; FFn; : LPRINT " ksi" 
LPRINT 
IF lip% = 1 THEN 

LPRINT TAB(10); "Effective width of edge stiffeners Section | B3.2 of Spec." 
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END IF 

LPRINT 
END IF 

"ee ennmn nn -----Computing the flange and the lip 

IF lip% = 1 THEN 

ELSE 

END IF 

'.--------------Effective width of lip (stiffener) 

'sone-n-------=-Uniformly Compressed Unstiffened Element: 
"annnnwenwnnnnn Sect. B3.1 

CALL COMPeffwidth(c, t, .43, FFn, grap%, la, dsp) ‘dsp: ds prime: effective 

' width of stiffener 

'.--------------Effective width of compression flange 
'_--------------Uniformly Compressed Element with Edge Stiffener: 

',-------------Sect. B4.2 of Spec. 

IF grap% = 0 THEN 
LPRINT 

LPRINT TAB(10); "Effective width of flanges Section B4.2 of Spec." 
LPRINT 

END IF 

CALL COMPflange(b, t, FFn, cc, c, dsp, grap%, be, C1, C2, ds) 

' -----Uniformly Compressed Unstiffened Element: 
"eeeennne-------Sect. B3.1 of Spec. 

  

IF grap% = 0 THEN 
LPRINT 
LPRINT TAB(10); "Effective width of flanges Section B3.1 of Spec." 
LPRINT 

END IF 

CALL COMPeffwidth(b, t, .43, FFn, grap%, la, be) 

'.---------writing message about effectiveness of flanges on screen--- 

IF be <b THEN 

IF grap% = 1 THEN 
LOCATE 15, 52 
PRINT "Flanges are not fully eff."; 
LOCATE 16, 52 
PRINT "be="; USING "##.###"; be; : PRINT " in <"; 
PRINT "b="; USING "##.###"; b; : PRINT " in" 
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'-~-e-------Showing uneffective portion of flanges----- 
COLOR 10 

IF lip% = 1 THEN 
LINE (hc + b / 2! - C2 * be /2!, ve + aa/2!)-STEP(O, -t) 
LINE (he - b/2! + Cl * be /2!, vc + aa /2!)-STEP(0, -t) 
PAINT (hc + b / 2! - C2 * be / 2! - (b - be) /2!, ve +. aa/2! -t/2!) 
LINE (he + b / 2! - C2 * be /2!, ve - aa /2!)-STEP(0, t) 
LINE (hc - b/2! + Cl * be /2!, ve - aa/2!)-STEP(0, t) 
PAINT (he + b /2! - C2 * be /2! - (b - be) /2!, ve -aa/2!+t/2!) 

COLOR 11 
xl =hce-b/2!+Cl * be/2 ‘labeling b-be 
yl=vc+aa/2+ .03 * gf * aa 
CALL SHOWSIZE2("b-be", gf * aa, x1, yl, x1 + (0 - be), yl, "hl") 

ELSE 
LINE (he + b / 2!, vc + aa / 2!)-STEP(O, -t) 
LINE (hc + b / 2! - (6 - be), ve + aa / 2!)-STEP(0, -t) 
PAINT (he + b / 2! - (6 - be) /2!, ve + aa/ 2! -t/2!) 

COLOR 11 
xl=he-b/2 ‘labeling be 
yl =vc+aa/2+ .03 * gf* aa 
CALL SHOWSIZE("be", gf * aa, x1, yl, x1 + be, yl, "h") 

END IF 

ELSE 
LPRINT TAB(15); “be="; USING "##.####"; be; : LPRINT " in <b ="; USING "##.###"; b; 
LPRINT “in Flanges are not fully effective" 

END IF 

ELSE 

IF grap% = 1 THEN 
LOCATE 15, 52 
PRINT "Flanges are fully eff." 
LOCATE 16, 52 
PRINT TAB(52); "be = b ="; USING "##.####"; be; : PRINT " in" 

ELSE 
LPRINT TAB(15); “be = b ="; USING "##.###"; b; 
LPRINT “in Flanges are fully effective" 

END IF 

END IF 

IF grap% = 1 THEN 
COLOR 11 
xl=hce-b/2! ‘labeling b 
yl =ve - aa/2 - .068 * gf * aa 

CALL SHOWSIZE("b", gf * aa, x1, yl, x1 +b, yl, "h") 
END IF 
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IF lip% = 1 THEN 

'_--------writing message about effectiveness of lips on screen--- 

IF ds < c THEN 

IF grap% = 1 THEN 
COLOR 7 
LOCATE 18, 52 
PRINT "Lips are not fully eff." 
LOCATE 19, 52 
PRINT "ds="; USING “##.###"; ds; : PRINT " in <"; 

PRINT "d="; USING "“##.###"; c; : PRINT " in" 

  ' showing uneffective portion of lip---—- 

COLOR 10 
LINE (hc + bb / 2!, vc + a/ 2! - ds)-STEP(-t, 0) 

PAINT (he + bb / 2! -t/2!, vc +a/2! - ds -(c- ds) / 2!) 
LINE (hc + bb / 2!, vc - a/ 2! + ds)-STEP(-t, 0) 
PAINT (he + bb / 2! -t/2!, ve-a/2!+ds+(c-ds)/2!) 

COLOR 11 
xl =hc + bb/ 2! + .023 * gf * aa ‘labeling ds 
yl=ve+a/2! 
CALL SHOWSIZE2("ds", gf * aa, x1, yl, x1, yl - ds, "vb") 

ELSE 
LPRINT TAB(15); "ds="; USING “##.###"; ds; : LPRINT " in <d ="; 

USING "##.###"; c; 
LPRINT "in Stiffeners are not fully effective" 

END IF 

ELSE 
IF grap% = 1 THEN 

COLOR 7 
LOCATE 18, 52 
PRINT "Lips are fully eff.” 
LOCATE 19, 52 
PRINT "ds = d ="; USING "##.##4#"; c; : PRINT " in" 

ELSE 
LPRINT TAB(15); "ds = d ="; USING "##.###"; c; 
LPRINT "in Stiffeners are fully effective" 

END IF 
END IF 

IF grap% = 1 THEN 
COLOR 11 
xl =he + bb / 2! + .08 * gf * aa ‘labeling d on upper lip 
yl=vceta/2! 

CALL SHOWSIZE2("d", gf * aa, x1, yl, xl, yl -c, "vb") 
END IF 

END IF 
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  -Computing the web 
  

IF grap% = 0 THEN 
LPRINT 

LPRINT TAB(10); “Effective width of web" 

LPRINT 

END IF 

CALL COMPeffwidth(a, t, 4!, FFn, grap%, la, ae) ‘ae effective width of web 

eocceennn= writing message about effectiveness of web on screen--- 

IF ae < a THEN 

IF grap™% = 1 THEN 

COLOR 7 

LOCATE 21, 52 

PRINT "Web is not fully eff." 
LOCATE 22, 52 

PRINT “ae="; USING "##.###"; ae; : PRINT " in <"; 

PRINT “a="; USING "##.###"; a; : PRINT " in" 

  showing uneffective portion of web----- 
COLOR 10 
LINE (xwel - t /2!, vc +a/2! - ae /2!)-STEP(t, 0) 
LINE (xwcl -t /2!, vc -a/2! + ae /2!)-STEP(t, 0) 
PAINT (xwel, vc) 

COLOR 11 
xl = xwel -t/2! + .04 * pf * aa ‘labeling ae/2. upper 
yl=vet+a/2! 

CALL SHOWSIZE("ae/2", gf * aa, x1, yl, xl, yl - ae /2!, "v") 
yl =vce-a/2!+ae/2! ‘labeling ae/2. lower 

CALL SHOWSIZE("ae/2", gf * aa, x1, yl, x1, yl - ae /2!, "v") 
ELSE 

PRINT TAB(15); “ae="; USING "##.###"; ae; : LPRINT " in <a ="; USING "#4. #H#", a; 

LRINT "in Web is not fully effective" 
END IF 
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ELSE 

IF grap% = 1 THEN 
COLOR 7 

LOCATE 21, 52 

PRINT "Web is fully eff." 

LOCATE 22, 52 

PRINT "ae = a ="; USING "##.4##"; a; : PRINT " in" 

ELSE 

LPRINT TAB(15); “ae = a ="; USING "##.####", a; 

LPRINT "in Web is fully effective" 

END IF 

END IF 

IF grap% = 1 THEN 
COLOR 11 
xl = xwel -t /2! - .03 * gf * aa ‘labeling a 
yl=vet+a/2! 

CALL SHOWSIZE("a", gf * aa, x1, yl, x1, yl - a, "v") 

END IF 

'------------determining Aeff, Pn, & Pa---------- 

Aeff = Area - (lip% * 2! * (c - ds) + 2! * (b - be) + (a - ae)) *t 
Pn = FFn * Aeff 
Pa = Pn/ 1.92 

IF grap% = 1 THEN 
COLOR 7 

LOCATE 24, 52 

PRINT "Ae="; USING "###.#4##". Aeff; : PRINT " in2" 

LOCATE 26, 52 
PRINT "Comp. strength of section:" 
LOCATE 27, 52 
PRINT “Pa="; USING “###.4##"; Pa; : PRINT “ ksi" 

CALL presskey(30, 52) 
ELSE 

LPRINT 

LPRINT TAB(10); "Computing effective cross-sectional area and axial strengths" 
LPRINT 
LPRINT TAB(15); "Effective cross-sectional area Ae ="; USING "###.###"; Aeff; : LPRINT " in2" 

LPRINT TAB(15); “Nominal axial strength Pn ="; USING "###4.###"; Pn; : LPRINT " kip" 

LPRINT TAB(15); “Allowable axial strength Pa ="; USING "###.###"; Pa; : LPRINT " kip" 
END IF 

END SUB 
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SUB PLOTSECT (aa, bb, cc, rr, t, a, b, c, r, lip%, gf, vc, hc, xwcl) 
A age ae ae ae he ae he ae ae ae ae he he hee ae ae oe fe he ae he he ah a ae ae ae ae ee 2 oe ee ae ee a oe a he he a ae oe a EE EK KE EE 

'* SUBROUTINE PLOTSECT 

'* This routine plots and labels the given cross-section. 

'* INPUT VARIABLES: 
'* aa = - A' depth of section (in) 
'’ bb = - B' width of flange (in) 
'* cc -C' length of lip (in) 
'* rr -R _ inner radius of corners (in) 

‘* t - thickness (in) 
* a - flat portion of web (in) 
* b - flat portion of flange (in) 

'* cc - flat portion of lip (in) 
‘* 5 - midplane radius of corners (in) 

'* lip% =0 if there is no lip 
‘* = 1 if there is a lip 

'* OUTPUT VARIABLES: 
'* pf - (graphical) factor for defining window 

'* vc - location of vertical centerline of section 

'* he = - location of horizontal centerline of section 

'* xwcl - x coordinate of the centerline of the web 

'* LOCAL VARIABLES: 
'*k wi 

pi 

se ade ae ae ae ae he he 2 he ee Oa he he he he ae ae he ae ae he ae ae ae he he hee he he he Me Me a a ae eo ee he ee a ea ae he he oe oe ae ae he he ea a a ie ae a ok ak 

SCREEN 12 

IF .725 * aa > bb THEN 
ef=1.5 

gf = 1.5 * (bb/(.725 * aa)) 
END IF 

ELSE 

‘exact square is gain with 3.9 /3 factor 
WINDOW (0!, 0!)-(3.9 / 3! * gf * aa, gf * aa) 

pi = 3.14159265# 

ve = gf /2!* aa 
hc = .6125 * aa * (gf / 1.5) 

IF lip% = 1 THEN 
xwel = he - bb / 2! + t/2! 

ELSE 
xwel = he - b / 2! - (bb - b) +t /2! 

END IF 

‘depth (aa) is the governing size 

‘width (bb) is the governing size 

‘vertical centerline of section 

‘horizontal centerline of section 

'62% of the screen is for 

‘drawing, the rest is for text 

‘web center line 

‘note: for the no lip case b 

‘and bb will not be concentric 

‘anymore,hc will only be at the 

‘center of b 
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‘drawing the section with light green 
COLOR 10 

IF lip% = 1 THEN ‘starting point at the outer corner of upper lip 
LINE (he + bb / 2!, ve + aa / 2! - cc)-STEP(0, c) 
CIRCLE (he + b/ 2!, ve+a/2),r+t/2!, , 0, pi/2! 

END IF 

LINE (hc + b / 2!, vc + aa / 2!)-STEP(-b, 0) 

CIRCLE (he -b/2!, ve+a/2),r+t/2!,, pi/2!, pi 

LINE (xwel - t / 2!, ve + a/ 2!)-STEP(0, -a) 

CIRCLE (he -b/2!, ve-a/2),r+t/2!, , pi, 1.5 * pi 

LINE (he - b / 2!, vc - aa / 2!)-STEP(b, 0) 

IF lip% = 1 THEN 

CIRCLE (he + b/ 2!, ve-a/2),r+t/2!,, 1.5 * pi, 2! * pi 

LINE (hc + bb / 2, vc - a / 2!)-STEP(0, c) 

‘back to where we started 

LINE (he + bb / 2!, vc + aa / 2! - cc)-STEP(-t, 0) 

LINE -STEP(0, c) 

CIRCLE (hc + b/2!, ve+a/2), r-t/2!,, 0, pi/2! 

ELSE 

LINE (he + b / 2!, vc + aa / 2)-STEP(0, -t) 

END IF 

LINE (he + b / 2!, vc + aa/ 2! - t)-STEP(-b, 0) 

CIRCLE (he -b/2!, ve+a/2),1r-t/2!,, pi/2!, pi 

LINE (xwel + t / 2!, vc + a/ 2!)-STEP(O, -a) 

CIRCLE (he -b/2!, vc-a/2), r-t/2!,, pi, 1.5 * pi 

LINE (hc - b/ 2!, ve - aa/ 2! + t)-STEP(, 0) 

IF lip% = 1 THEN 
CIRCLE (he + b/2!, ve-a/2), r-t/2!,, 1.5 * pi, 2! * pi 
LINE (he + bb / 2 - t, vc - a/2!)-STEP(0, c) 
LINE -STEP(t, 0) 

ELSE 
LINE -STEP(0, -t) 

END IF 

END SUB 
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‘outer part of upper lip 
‘outer p. of top right circle 

‘outer p. of upper flange 
‘outer p. of top left circle 
‘outer p. of web 

‘outer p. of bottom left circle 
‘outer p. of lower flange 

‘outer p. of bottom right circle 
‘outer p. of lower lip 

‘end of upper lip 

‘inner p of upper lip 
‘inner p. of top right circle 

‘end of upper flange 

‘inner p. of upper flange 

‘inner p. of top left circle 
‘inner p. of web 

‘inner p. of bottom left circle 
‘inner p. of lower flange 

‘inner p. of bottom right circle 
‘inner p. of lower lip 
‘end of lower lip 

‘end of lower flange



SUB SHOWSIZE (label$, u, x1, y1, x2, y2, po$) 
ae a abe ae he oe ae ae eae ae ae he fe he he he ae ae ae ae he hee ae he ae ae ae ae ae he he ae ae he ae ae a a he ae ae eae ae he he ee a a ae ee he he eae 2k 2 a oe oe ae ee oe 

SUBROUTINE SHOWSIZE 

This routine draws a dimension line with arrows on the end and 
labels it. |<------->| 

INPUT VARIABLES: 
label$ - label to be written on the line 
u - heigth of the window 
xl, yl - starting point of line (absolute) 
x2, y2 - ending point of line (absolute) 

point (x1, y1) must be to the left or above point (x2,y2) 
po$ — - indicates position of line: 

v vertical, h horizontal 

LOCAL VARIABLES: 

larr - length of the arrow : u/42. 
watr _ - width of the arrow : larr/2. 

4 ae ae abe abe ae a ae he ae ae ae ae ae ae ae a a 2 ae ak ac ale ae ae eae aca ae a ak a ae 2 ae 2 ae age ac ae eae a ae a 2s ae ae ae ae ae ae ae ae ae fe af ae 2 2 ae he fe af afc eae ae ae 2 2 ae a ake ake 

‘drawing dimensionline 
LINE (x1, yl)-(x2, y2) 

‘arrow dimensions 

larr = u / 42! 

warr = larr / 2! 

SELECT CASE po$ 
CASE “v" ‘vertical line 

LINE -STEP(-warr / 2!, larr) ‘lower arrow 

LINE (x2, y2)-STEP(warr / 2!, larr) 
LINE (x1, y1)-STEP(-warr / 2!, -larr) ‘upper arrow 
LINE (x1, y1)-STEP(warr / 2!, -larr) 

LINE (x1 - .015 * u, y1)-STEP(.03 * u, 0!) ‘perpendicular lines 
LINE (x1 - .015 * u, y2)-STEP(.03 * u, 0!) ‘at the end 

‘computing coordinates of LOCATE statement 
’ horizontal: 

' No of columns: 80 horizontal size of sc. : 3.9/3 *u 

' Label to be printed at : x x1 + .022* u 
' vertical : 

' No of rows : 30 vertical size of sc. : u 

' Label to be printed at : y (yl + y2)/2. 

x = CINT((x1 + .022 * u) / (3.9/3! * u) * 80!) 
y = CINT((u - (yl + y2) / 2!) /u * 30!) 

‘locate statement: row, column (y,x) !!!! 
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CASE “h" ‘horizontal line 

LINE -STEP(-larr, warr / 2!) ‘right arrow 
LINE (x2, y2)-STEP(-larr, -warr / 2!) 
LINE (x1, y1)-STEP(arr, warr / 2!) ‘left arrow 
LINE (x1, y1)-STEP(larr, -warr / 2!) 
LINE (x1, yl - .015 * u)-STEP(0!, .03 * u) ‘perpendicular lines 
LINE (x2, yl - .015 * u)-STEP(0!, .03 * u) ‘at the end 

‘computing coordinates of LOCATE statement 
‘horizontal: 

' No of columns : 80 horizontal size of sc. : 3.9/3.* u 
Label to be printed at : x (xl + x2) /2. 

' vertical : 

' No of rows : 30 vertical sizeofsc.: u 
’ Label to be printed at : y yl 

x = CINT(((x1 + x2) /2!)/(G.9/3! * u) * 80!) 

y = CINT((u - yl) /u * 30!) 

END SELECT 

LOCATE y, x 

PRINT label$ 

END SUB 

SUB SHOWSIZE2 (label$, u, x1, yl, x2, y2, po$) 
ae he ae ae he he he He a ae ae ae ae he hee oe ae ae ae ae he he ae ee HH HH a KAKA KA EEKEKKE KEKE EEK KKK KKK 

'* SUBROUTINE SHOWSIZE2 

'* This routine draws a dimension line with arrows on the end and 

'* labels it. ->| |<-—- 

'* INPUT VARIABLES: 
'* label$ - label to be written on the line 
*u ~ heigth of the window 
'* xl, yl - starting point of line (absolute) 
'* x2, y2 -ending point of line (absolute) 
"* point (x1, yl) must be to the left or above point (x2,y2) 
'* po$ — - indicates position of line: 
‘+ vt: vertical, label on top 

‘* vb: vertical, label on bottom 

‘* hr: horizontal, label on the right 

‘* hi: horizontal, label on the left 
tk 

'* LOCAL VARIABLES: 
'* larr _—_- length of the arrow : u/42. 
'* warr  - width of the arrow : larr/2. 
W afe age age af afc af as af ae af afc ae ae af af ae age age ae ae afc af ae kc a ae fe ake ae 2h a ake af af afc ake ae she fe ae a ae af oe a ae a ae ac ae ae fe fe ae af oi fe 2 fe ae 2 2c fe akc 2 ae ake 2 oie akc ake 2 a a 
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‘arrow dimensions 

larr = u / 42! 

warr = larr / 2! 

SELECT CASE LEFTS(po$, 1) 
CASE "v" ‘vertical line 

LINE (x1, y1)-STEP(-warr / 2!, larr) ‘upper arrow 

LINE (x1, y1)-STEP(warr / 2!, larr) 

LINE (x2, y2)-STEP(-warr / 2!, -larr) ‘lower arrow 
LINE (x2, y2)-STEP(warr / 2!, -larr) 
LINE (x1 - .015 * u, y1)-STEP(.03 * u, 0!) ‘perpendicular lines 
LINE (x1 - .015 * u, y2)-STEP(.03 * u, 0!) ‘at the end 

‘ computing coordinates of the LOCATE statement 
’ horizontal: 

' No of columns : 80 horizontal size of sc. : 3.9/3 *u 
' Label to be printed at : x x1 + .022 *u 

x = CINT((x1 + .022 * u) / (3.9/3! * u) * 80!) 

IF po$ = “vt" THEN ‘label at upper end 

‘upper portion of dimension line, length: 3 * arrowlength 
LINE (x1, yl + 3! * larr)-(x1, yl) 
‘lower portion of dimension line, length: 1.5 * arrowlength 

LINE (x2, y2)-(x2, y2 - 1.5 * larr) 

" vertical : 

' No of rows : 30 vertical size of sc. : u 

' Label to be printed at : y yl + 1.5 * larr 

y = CINT((u - (y1 + 1.5 * larr)) /u * 30!) 

ELSE ‘label at lower end 

LINE (x1, yl + 1.5 * larr)-(x1, yl) 
LINE (x2, y2)-(x2, y2 - 3! * larr) 

' vertical : 

' No of rows : 30 vertical size of sc. : u 

' Label to be printed at: y y2 - 1.5 * larr 

y = CINT((u - (y2 - 1.5 * larr)) / u * 30!) 

END IF 
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CASE "“h" 

LINE (x1, y1)-STEP(-larr, warr / 2!) 
LINE (x1, y1)-STEP(-larr, -warr / 2!) 
LINE (x2, y2)-STEP(larr, warr / 2!) 
LINE (x2, y2)-STEP(larr, -warr / 2!) 
LINE (x1, yl - .015 * u)-STEP(0!, .03 * u) 
LINE (x2, yl - .015 * u)-STEP(0!, .03 * u) 

' vertical: 

' No of rows : 30 vertical size of sc. : 

' Label to be printed at : y 

y = CINT((u - yl) /u * 30!) 

IF po$ = "hr" THEN 

‘horizontal line 

‘left arrow 

‘right arrow 

‘perpendicular lines 
‘at the end 

yl 

‘label at right end 

‘right portion of dimension line, length: 3 * arrowlength 
LINE (x1 - 3! * larr, y1)-(x1, yl) 

‘left portion of dimension line, —_ length: 1.5 * arrowlength 
LINE (x2, y2)-(x2 + 1.5 * larr, y2) 

‘horizontal: 

' No of columns : 80 horiz. size of sc. : 3.9/3 *u 

' Label to be printed at : x xl- 1.5 * larr 

x = CINT((x1 - 1.5 * larr) / (3.9 / 3! * u) * 80!) 

ELSE ‘label at left end 

LINE (x1 - 1.5 * larr, y1)-(x1, yl) 

LINE (x2, y2)-(x2 + 3! * larr, y2) 

‘horizontal: 

‘ No of columns: 80 horiz. size of sc. : 3.9/3 *u 

' Label to be printed at : x x2+ 1.5 * larr 

x = CINT((x2 + 1.5 * larr) / (3.9 /3! * u) * 80!) 

END IF 

END SELECT 

LOCATE y, x 

PRINT label$ 

END SUB 
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SUB CORRECT (a$) 
Uae ae afc ae afc af ape age abe ae ae ae ae ae ae ae ae a Me ahs ae ae af ae ae ae ak ake ae ae ae eae ae he aie he ae ae ae ae ae ae ee he ae Oe he a a ae ae fe he he 2h ae 2 he ee ae ae ee ae ae KH 

'* SUBROUTINE: CORRECT 

'* This routine asks you if the data you entered is correct or not. 

'* OUTPUT VARIABLE: A$ 
4 ale ae abe abe ae ae ale ahs ae ake ae abe ape ae eae ae ae 2 aoe ak ae ake ae ade ae ae ae ee ake ake ae ae ae he ae ae he ae ace fe hee oh 3 ah he ee ae ae ae ee 2 2 ae ae ae ae ake ae he ee ke a aK 

PRINT TAB(26); "Is this correct ? (y/n) "; 

DO 
a$ = INKEY$ 

LOOP UNTIL a§$ = "y" OR a$ = "Y" OR a$ = "n" OR a§$ = "N" 

PRINT a§$; 

END SUB 

SUB presskey (x, y) 
Wage ade ae aft ae aie she ale se ae ake ae ae he ae ae ae he ae ae ake ae ee 2 oe ae ae 2 he ae ah 2 he ae ae a ke ae a ea a a a a KK EE EE KEK EK KEE KEK 

'* SUBROUTINE: PRESSKEY 
it 

'* This routine waits for pressing any key to continue the program, 
'* and writes the message to LOCATE x,y 
ae ae ale ae ae ae ae ake abe ae afc ae ae ae ae she aoe 2h 2 he ae ae ae ae ae ee ee a ae he ae ae ae ae Ae a a a ae ee he a ee KE HH eH EE EK 

LOCATE x, y 
PRINT “Press any key to continue"; 

DO 
LOOP WHILE INKEY$ = "" 

END SUB 
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APPENDIX B 

LISTING OF THE MODIFIED PROGRAM FOR COMPUTING 

AXIAL CAPACITIES WITH SPECIFIED LATERAL LOADS 
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DECLARE SUB COMPsecprop (Fy!, AA!, BB!, CC!, rr!, t!, KL!, lip%, grap%, 

Area!, A!, b!, cl, r!, u!, xh!, Mi, rx!, ry!, ro!, beta!, Jstv!, Cw!, xwcl!) 

DECLARE SUB COMPeffwidth (w!, t!, k!, f!, grap%, la!, b!) 

DECLARE SUB COMPflange (w}, t!, fl, CC!, c!, dsp!, grap%, be!, C1!, C2!, ds!) 

DECLARE SUB COMPweb (Fy!, AA!, t!, A!, b!, cl, r!, ul, be!, ds!, sumLy!, lip%, 

grap%, B1!, b2!, b3!, le!, ycg!, yul, yl!, I%) 

DECLARE SUB COMPcompcap (Fy!, AA!, BB!, CC!, t!, KL!, Area!, A!, b!, c!, r!, ul, 
rx!, ry!, ro!, beta!, Jstv!, Cw!, be!, C1!, C2!, ds!, gf!, vc!, hc!, lip%, xwel!, grap%, Pa!) 

DECLARE SUB COMPcompcap? (Fy!, AA!, BB!, CC!, t!, KL!, Area!, A!, b!, cl, rl, ul, 
rx!, ry!, ro!, beta!, Jstv!, Cw!, be!, C1!, C2!, ds!, gf!, vc!, hc!, lip%, xwcl!, grap%, Pa!) 

DECLARE SUB SECORDSOLYV (AA!, BB!, CC!, x1!, x2!) 
she she he he ah he he ae he ae ae ae ae fe fe ee he he fe ae ae ae ae ake he ake he he ae ae eae aoe oe he ae ae eae ae ae ade oe he ah ak ae a ee ae a 2h 2h 2 ie a ae fe ae a he 2 2 ae aie ake ae ak ae ake ak 

'* — Program for computing the flexural, shear and axial capacity 
'* of a C section based on the Allowable Stress Design 

'* — This modified version computes the max axial load for a 
'* given lateral load based on sect C5 of the Spec. 

'* The bending moment Mx is computed from 
" w (psf) lateral load (eg. wind load) 
* s (in) spacing of the studs and 
* KL(in) _ height of the wall (length of studs) 

  

‘* KI [in]‘2 _ s [in] * w [psf] 
Mx [k-in] = 

" 8 1000 * 1242 

'* (Tx is to be recomputed for each case, ie in the innermost loop) 

'* The Ma and Ix values are not computed from the section properties 

'* but taken from the performance section tables 
'* (varies for each section) 

'* Mao = Ma for this case since flex.-tors. buckling is prevented 

'* The Pa value is gain from a modified version of subroutine 
‘* —_COMPcompcap 
‘* -the sections are braced by the sheathing material 
* therefore the torsional-flexural buckling mode is not 
* considered 
* -the studs are subject to strong axis bending 
* therefore ry is replaced by rx in the first equation 
'* Pao is computed with the above mentioned modified COMPcompcap 

'* routine except that Fn is used instead of Fy 
'* Per: eq C5-5 

'* (Pa, Pao and Pcr are function of the section and the height, 
'* must be recomputed in the second loop) 
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‘* Cm=1 since joint translation is prevented, and 
'* the ends are unrestrained 

'* Since alfa is a fuction of P, solving eq. C5-1 for P leads to 
'* a second order equation where the smaller root is P 
'* For the 8*9 studs this was usually the governing case as opposed 
'* to eq. C5-2 (in fact this was always the governing case for 
'* those cases I checked) 

‘* Tf P/Pa <= .15 (or Mx/Ma > .85 i.e. the axial force is small 
'* then eq.C5-3 is used which gives larger values for P then the 
'* other two equations. 
nea jiai oko ai oii aii dali okoioink eo io iiok toaiotobok ok 

grap% = 1 

lip% = 1 

SCREEN 0 
CLS 

Fy = 33 

w=35 

LPRINT "lateral load : w="; w; "psf" 

AA = 9.25 
sect$(1) = "9.250801": BB(1) = 1.25: CC(1) = .4: t(1) = .03: m(1) = 2! * t(1) 
sect$(2) = "9.250802": BB(2) = 1.3: CC(2) = .4: t(2) = .036: r(2) = 2! * t(2) 
sect$(3) = "9.250803": BB(3) = 1.375: CC(3) = .4: t(3) = .048: m(3) = 2! * t(3) 
sect$(4) = "9.250804": BB(4) = 1.5: CC(4) = .4: t(4) = .06: rr(4) = 2! * t(4) 
sect$(5) = "9.250S05": BB(5) = 1.625: CC(5) = .4: t(5) = .075: r1(5) = 2! * t(5) 
sect$(6) = "9.250S06": BB(6) = 1.625: CC(6) = .5: t(6) = .105: rr(6) = 2! * t(6) 
sect$(7) = "9.250S07": BB(7) = 1.625: CC(7) = .6: t(7) = .135: rr(7) = 2! * t(7) 
sect$(8) = "9.250S08": BB(8) = 1.625: CC(8) = .7: t(8) = .1644: rr(8) = 2! * t(8) 
sect$(9) = "9.250S09": BB(9) = 1.625: CC(9) = .8: t(9) = .1943: m(9) = 2! * (9) 

Ma(1) = 0: Ix(1) = 0 
Ma(2) = 16.4: Ix(2) = 3.8 
Ma(3) = 25!: Ix(3) = 5.3 
Ma(4) = 34.95: Ix(4) = 7.19 
Ma(S5) = 46.26: Ix(5) = 9.471 
Ma(6) = 58.91: Ix(6) = 12.143 
Ma(7) = 72.92: Ix(7) = 15.205 
Ma(8) = 88.29: Ix(8) = 18.657 
Ma(9) = 105!: Ix(9) = 22.5 

s(1) = 12: s(2) = 16: s(3) = 24 ‘spacings [in] 

pi = 3.1415927# 
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FOR kk% = 2 TO 9 ‘section loop 

LPRINT 
LPRINT sect$(kk%); " Ma="; Ma(kk%); "kip-inch Ix="; Ix(kk%); “in4" 
LPRINT 

‘printing header 

LPRINT TAB(36); "s= 12""; TAB(56); "16""; TAB(72); "24"" 

LPRINT " H"; TAB(12); "Pa"; TAB(20); “Pao"; TAB(28); "Pcr"; 

LPRINT TAB(36); "Mx"; TAB(44); "P"; 

LPRINT TAB(52); "Mx"; TAB(60); "P"; 

LPRINT TAB(68); "Mx"; TAB(76); "P" 

LPRINT " [ft]"; TAB(11); "[kip]"; TAB(19); "[kip]"; TAB(27); “[kip]"; 
LPRINT TAB(35); “[k-i]"; TAB(42); “[kip]"; 
LPRINT TAB(51); “[k-i]"; TAB(58); "[kip]"; 
LPRINT TAB(67); “[k-i]"; TAB(74); "[kip]" 

CALL COMPsecprop(Fy, AA, BB(kk%), CC(kk”), rr(kk%), t(kk%), KL, lip%, grap%, 

Area, A, b, c, r, u, xh, M, rx, ry, ro, beta, Jstv, Cw, xwcl) 

FOR 11% = 1 TO7 ‘height routine, height varies with an increment of 

'2 ft from 8' to 20' 

KL = (6! + 2! * 11%) * 12 'Tin] 

CALL COMPcompcap(Fy, AA, BB(kk%), CC(kk%), t(kk%), KL, Area, A, b, c, r, u, 

rx, ry, ro, beta, Jstv, Cw, be, C1, C2, ds, gf, vc, hc, lip%, xwel, 1, Pa) 

CALL COMPcompcap2(Fy, AA, BB(kk%), CC(kk%), t(kk%), KL, Area, A, b, c, r, u, 

Ix, ry, ro, beta, Jstv, Cw, be, C1, C2, ds, gf, vc, he, lip%, xwcl, 1, Pao) 

Per = (pi * 2 * 29500! * Ix(kk%)) / KL * 2 

LPRINT USING “###.##"; KL / 12; 

LPRINT TAB(10); USING “###.##"; Pa; 

LPRINT TAB(18); USING “###.##"; Pao; 

LPRINT TAB(26); USING “###.##"; Pcr; 
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FOR JJI%=1TO3 ‘spacing loop 

Mx = KL * 2!/8! * s * w/ (1000! * 12! * 2) 

IF Mx / Ma(kk%) >= .85 THEN 

P =(1 - Mx/ Ma(kk%)) * Pa "Eq. C5-3 

ELSE 

Al = -1.92 * Ma(kk%) / Per "Eq. C5-1 
Bl] = (1 + 1.92 * Pa/ Pcr) * Ma(kk%) 

Cl = Pa * (Mx - Ma(kk%)) 

CALL SECORDSOLV(AI1, B1, Cl, x1, x2) 'Eg. C5-2 

P=xl 

P2 = (1 - Mx / Ma(kk%)) * Pao 

IF P2 < P THEN P = P2 

END IF 

LPRINT TAB(18 + JJ% * 16); USING "#H##t.##";, Mx; 
LPRINT TAB(25 + JJ% * 16); USING "####.##", P; 

NEXT JJ% 

LPRINT 

NEXT II% 

IF kk% = 5 THEN 

LPRINT CHR$(12) 

LPRINT “lateral load : w="; w; "psf" 

END IF 

NEXT kk% 

LPRINT CHR$(12) 

END 
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SUB COMPcompcap (Fy, AA, BB, CC, t, KL, Area, A, b, c, r, u, 

rx, ry, ro, beta, Jstv, Cw, be, C1, C2, ds, gf, vc, hc, lip%, xwcl, grap%, Pa) 

  -----------------computing Fe- ----- 

Fe = pi * 2! * E/ (KL / rx) *2! ‘strong axis buckling 

‘for this modified vers. the wall studs are braced against 
‘weak axis and flexural-torsional buckling 

CALL COMPeffwidth(A, t, 4!, FFn, grap%, la, ae) ‘ae effective width of web 

END SUB 

SUB COMPcompcap2 (Fy, AA, BB, CC, t, KL, Area, A, b, c, r, u, 

rx, ry, ro, beta, Jstv, Cw, be, C1, C2, ds, gf, vc, hc, lip%, xwel, grap%, Pa) 

‘this routine is the same as COMPcompcap exept that it calculates Pao 
‘i.e. uses Fy instead of FFn when computing the effective area (Ae) of 
‘the section. Since Fy > Fn the Ae value computed this way will be less than 
‘the usual one, and as a result of that the corresponding P value (Pao) too 

CALL COMPeffwidth(A, t, 4!, Fy, grap%, la, ae) ‘ae effective width of web 

END SUB 
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