
C h a p t e r  IV

Check/Design for AISC-ASD89

This chap ter de scribes the de tails of the struc tural steel de sign and stress check al -
go rithms that are used by the pro gram when the user se lects the AISC- ASD89 de -
sign code (AISC 1989). Vari ous no ta tions used in this chap ter are de scribed in
Table III-1.

For re fer ring to per ti nent sec tions and equa tions of the origi nal ASD code, a unique
pre fix “ASD” is as signed. However, all ref er ences to the “Speci fi ca tions for Al -
low able Stress De sign of Single- Angle Mem bers” carry the pre fix of “ASD SAM”. 

The de sign is based on user- specified load ing com bi na tions. But the pro gram pro -
vides a set of de fault load com bi na tions that should sat isfy re quire ments for the  de -
sign of most build ing type struc tures.

In the evalua tion of the ax ial force/bi ax ial mo ment ca pac ity ra tios at a sta tion along
the length of the mem ber, first the ac tual mem ber force/mo ment com po nents and
the cor re spond ing ca paci ties are cal cu lated for each load com bi na tion. Then the ca -
pac ity ra tios are evalu ated at each sta tion un der the in flu ence of all  load com bi na -
tions us ing the cor re spond ing equa tions that are de fined in this chapter. The con -
trol ling ca pac ity ra tio is then ob tained. A ca pac ity ra tio greater than 1.0 in di cates
over stress. Simi larly, a shear ca pac ity ra tio is also cal cu lated sepa rately.
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A = Cross- sectional area, in2

Ae = Effective cross- sectional area for slen der sections, in2

A f = Area of flange , in2

Ag = Gross cross- sectional area, in2

A Av v2 3, = Ma jor and mi nor shear ar eas, in2

Aw = Web shear area, dt w , in2

Cb = Bend ing Co ef fi cient

Cm = Mo ment Co ef fi cient

Cw = Warp ing con stant, in6

D = Out side di ame ter of pipes, in 

E = Modu lus of elas tic ity, ksi

Fa = Al low able ax ial stress, ksi 

Fb = Al low able bending stress, ksi 

F Fb b33 22, = Al low able ma jor and mi nor bend ing stresses, ksi

Fcr = Criti cal com pres sive stress, ksi 

Fe33
¢ =

( )

12

23

2

33 33 33

2

  E

 K l r
 

p

Fe22
¢ =

( )

12

23

2

22 22 22

2

  E

 K l r
 

p

Fv = Al low able shear stress, ksi 

Fy = Yield stress of ma te rial, ksi

K = Ef fec tive  length  fac tor

K K33 22, = Ef fec tive  length K- factors in the ma jor and mi nor directions

M M33 22, = Major and mi nor bend ing mo ments in mem ber, kip- in

M ob = Lateral- torsional mo ment for an gle sections, kip- in

P = Axial force in mem ber, kips

Pe = Euler buck ling load, kips

Q = Re duc tion fac tor for slen der sec tion, =  Q Qa s

Qa = Re duc tion fac tor for stiff ened slen der elements

Qs = Re duc tion fac tor for unstiff ened slen der elements

S = Sec tion modu lus, in3

S S33 22, = Ma jor and mi nor sec tion moduli, in3

Table IV-1
AISC-ASD  Notations
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S Seff eff, ,,33 22 = Ef fec tive major and mi nor sec tion moduli for slen der sections, in3

S c = Sec tion modu lus for com pres sion in an an gle section, in3

V V2 3, = Shear forces in major and mi nor directions, kips

b = Nomi nal di men sion of plate in a sec tion, in
longer leg of an gle sections,
b tf w- 2  for welded and b tf w-3  for rolled box  sec tions, etc.

be = Ef fec tive width of flange, in 

bf = Flange width, in

d = Over all depth of mem ber, in 

f a = Axial stress ei ther in com pres sion or in tension, ksi

f b = Nor mal stress in bend ing, ksi

f fb b33 22, = Nor mal stress in ma jor and minor di rec tion bending, ksi

f v = Shear stress, ksi

f fv v2 3, = Shear stress in ma jor and minor di rec tion bending, ksi

h = Clear dis tance be tween flanges for I shaped sec tions ( )d t f- 2 , in 

he = Ef fec tive dis tance be tween flanges less  fil lets, in 

k = Dis tance from outer face of flange to web toe of fil let , in 

k c = Pa rame ter used for clas si fi ca tion of sec tions,

[ ]

4.05 
0.46

h t w

   if  h t w > 70 ,  

1                 if  h t w £ 70 .

l l33 22, = Ma jor and mi nor di rec tion un braced mem ber lengths, in 

lc = Criti cal length, in

r = Ra dius of gy ra tion, in

r r33 22, = Ra dii of gy ra tion in the ma jor and mi nor di rec tions, in

rz = Mini mum Ra dius of gy ra tion for an gles, in

t = Thick ness of a plate in I, box, chan nel, an gle, and T sections, in

t f = Flange thick ness, in

t w = Web thick ness, in

bw = Spe cial sec tion prop erty for an gles, in

Table IV-1
AISC-ASD Notations (cont.)



Eng lish as well as SI and MKS met ric units can be used for in put. But the code is
based on Kip- Inch- Second units. For sim plic ity, all equa tions and de scrip tions pre -
sented in this chap ter cor re spond to Kip- Inch- Second units un less oth er wise
noted. 

Design Loading Combinations

The de sign load com bi na tions are the vari ous com bi na tions of the load cases for
which the struc ture needs to be checked. For the AISC- ASD89 code, if a struc ture
is sub jected to dead load (DL), live load (LL), wind load (WL), and earth quake in -
duced load (EL), and con sid er ing that wind and earth quake forces are re versi ble,
then the fol low ing load com bi na tions may have to be de fined (ASD A4): 

DL (ASD A4.1)
DL + LL (ASD A4.1)

DL ± WL (ASD A4.1)
DL +  LL  ± WL (ASD A4.1)

DL ± EL (ASD A4.1)
DL +  LL  ±  EL (ASD A4.1)

These are also the de fault de sign load com bi na tions in the pro gram when ever the
AISC-ASD89 code is used. The user should use other ap pro pri ate load ing com bi -
na tions if roof live load is sepa rately treated, if other types of  loads are pres ent, or if 
pat tern live loads are to be con sid ered.

When de sign ing for com bi na tions in volv ing earth quake and wind loads, al low able
stresses are in creased by a fac tor of 4/3 of the regu lar al low able value (ASD A5.2).

Live load re duc tion fac tors can be ap plied to the mem ber forces of the live load case 
on an element- by- element ba sis to re duce the con tri bu tion of the live load to the
fac tored load ing.

Classification of Sections

The al low able stresses for ax ial com pres sion and flex ure are de pend ent upon the
clas si fi ca tion of sec tions as ei ther Com pact, Non compact, Slen der, or Too Slen der.
The pro gram clas si fies the in di vid ual mem bers ac cord ing to the lim it ing
width/thick ness ra tios given in Table III-2 (ASD B5.1, F3.1, F5, G1, A-B5-2).  The
defi ni tion of the sec tion prop er ties re quired in this ta ble is given in Figure III-1 and
Table III-1.
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Figure IV-1
AISC-ASD Definition of Geometric Properties
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Section 
Description

Ratio 
Checked

Compact
Section

Noncompact
Section

Slender
Section

I-SHAPE

b tf
 
 f2

( rolled)
£  F 

 y65 £  F 
 y95 No limit

b tf
 
 f2

(welded)
£  F 

 y65 £  95 F ky c/ No limit

d t 
 w

For f F    a
 
 y £ 0.16               

£ -
640

1
F

f

Fy

a

y

( )3.74  ,

 For f Fa y/ > 0.16                    

£ 257 / Fy   .           

No limit No limit

h t 
 w No limit

If compression only,

£  F 
 y253

otherwise                

£  F 
 b760

( )
£

+

£

14000

16.5

260

F Fy y

BOX

b t 
 f £  F 

 y190 £  F 
 y238 No limit

d t 
 w As for I-shapes No limit No limit

h t 
 w No limit As for I-shapes As for I-shapes

Other  t tw f³ 2 ,  d bw f£ 6 None None

CHANNEL

b t 
 f As for I-shapes As for I-shapes No limit

d t 
 w As for I-shapes No limit No limit

h t 
 w No limit As for I-shapes As for I-shapes

Other No limit No limit

If welded                
b df w £ 0.25, 
t tf w £ 3.0

If rolled                
b df w £ 0.5, 
t tf w £ 2.0

Table IV-2
Limiting Width-Thickness Ratios for

Classification of Sections Based on AISC-ASD



If the sec tion di men sions sat isfy the lim its shown in the ta ble, the sec tion is clas si -
fied as ei ther Com pact, Non com pact, or Slen der. If the sec tion sat is fies the cri te ria
for Com pact sec tions, then the sec tion is clas si fied as Com pact sec tion. If the sec -
tion does not sat is fy the cri te ria for Com pact sec tions but sat is fies the cri te ria for
Non com pact sec tions, the sec tion is clas si fied as Noncom pact sec tion. If the sec -
tion does not satisfy the cri te ria for Com pact and Non com pact sec tions but sat is fies
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Section 
Description

Ratio 
Checked

Compact
Section

Noncompact
Section

Slender
Section

T-SHAPE

b tf
 
 f2 £  F 

 y65 £  F 
 y95 No limit

d t 
 w Not applicable £  F 

 y127 No limit

Other No limit No limit

If welded               
b df w ³ 0.5, 
t tf w ³ 1.25

If rolled                
b df w ³ 0.5, 
t tf w ³ 1.10

DOUBLE
ANGLES

b t 
 Not applicable £  F 

 y76 No limit

ANGLE b t 
 Not applicable £  F 

 y76   No limit

PIPE D t 
 £  F 

 y3 300, £  F 
 y3 300,

£  F 
 y13,000

(Compression only)
No limit for flexure

 ROUND BAR ¾ Assumed Compact

RECTANGLE ¾ Assumed Noncompact

GENERAL ¾ Assumed Noncompact

Table IV-2
Limiting Width-Thickness Ratios for

Classification of Sections Based on AISC-ASD (Cont.)



the cri te ria for Slen der sec tions, the sec tion is clas si fied as Slender sec tion. If the
lim its for Slen der sec tions are not met, the sec tion is clas si fied as Too Slen der.
Stress check of Too Slen der sec tions is be yond the scope of SAP2000.

In clas si fy ing web slen der ness of I-shapes, Box, and Chan nel sec tions, it is as -
sumed that there are no in ter me di ate stiff en ers (ASD F5, G1). Dou ble an gles are
con ser va tively as sumed to be sepa rated.

Calculation of Stresses 

The stresses are cal cu lated at each of the pre vi ously de fined sta tions. The mem ber
stresses for non- slender sec tions that are cal cu lated for each load com bi na tion are,
in gen eral, based on the gross cross- sectional prop er ties.: 

f   = P/Aa

f  =  M /Sb33 33 33

f  =  M /Sb22 22 22

f  =  V /Av v2 2 2

f  =  V /Av v3 3 3

If the sec tion is slen der with slen der stiff ened ele ments, like slen der web in I, Chan -
nel, and Box sec tions or slen der flanges in Box, ef fec tive sec tion moduli based on
re duced web and re duced flange di men sions are used in cal cu lat ing stresses.

f   = P/Aa (ASD A-B5.2d)
f  =  M /Sb eff33 33 33, (ASD A-B5.2d)
f  =  M /Sb eff22 22 22, (ASD A-B5.2d)
f  =  V /Av v2 2 2 (ASD A-B5.2d)
f  =  V /Av v3 3 3 (ASD A-B5.2d)

The flexural stresses are cal cu lated based on the prop er ties about the principal axes. 
For I, Box, Chan nel, T, Dou ble-an gle, Pipe, Cir cu lar and Rec tan gu lar sec tions, the
prin ci pal axes co in cide with the geo met ric axes. For Single- angle sec tions, the de -
sign con sid ers the prin ci pal properties. For gen eral sec tions it is as sumed that all
sec tion prop er ties are given in terms of the prin ci pal di rec tions.

For Single- angle sec tions, the shear stresses are cal cu lated for di rec tions along the
geo met ric axes. For all other sec tions the shear stresses are cal cu lated along the
geo met ric and prin ci ple axes.

72        Calculation of Stresses        

CSI Steel Design Manual



Calculation of Allowable Stresses 

The  al low able stresses in com pres sion, ten sion, bend ing, and shear are com puted
for Com pact, Non com pact, and Slen der sec tions ac cord ing to the fol low ing sub -
sec tions. The al low able flexural stresses for all shapes of sec tions are cal cu lated
based on their prin ci pal axes of bend ing. For the I, Box, Chan nel, Cir cu lar, Pipe, T,
Dou ble-an gle and Rec tan gu lar sec tions, the prin ci pal axes co in cide with their geo -
met ric axes. For the An gle sec tions, the prin ci pal axes are de ter mined and all com -
pu ta tions re lated to flex ural stresses are based on that.

If the user speci fies  nonz ero al low able stresses for one or more ele ments in the pro -
gram “Overwrites Ele ment De sign Data” form, these val ues will over ride the
above men tioned cal cu lated val ues for those ele ments  as de fined in the fol low ing
sub sec tions. The speci fied al low able stresses should be based on the prin ci pal axes 
of bend ing.  

Allowable Stress in Tension 

The al low able ax ial ten sile stress value Fa  is as sumed to be 0.60 Fy .

F  =  Fa y0.6  (ASD D1, ASD SAM 2)

It should be noted that net sec tion checks are not made. For mem bers in ten sion, 
if l r is greater than 300, a mes sage to that ef fect is printed (ASD B7, ASD SAM 2).
For sin gle an gles, the mini mum radius of gy ra tion, rz ,  is used in stead of r22  and r33

in com put ing l r .

Allowable Stress in Compression

The al low able ax ial com pres sive stress is the minimum value ob tained from flex -
ural buck ling and flexural- torsional buck ling. The al low able com pres sive stresses
are de ter mined ac cord ing to the fol low ing sub sec tions. 

For mem bers in com pres sion, if  Kl r  is greater than 200, a warn ing mes sage is
printed (ASD B7, ASD SAM 4). For sin gle an gles, the mini mum radius of gy ra -
tion, rz ,  is used in stead of r22  and r33  in com put ing Kl r .

Flex ural Buck ling

The al low able ax ial com pres sive stress value, Fa , de pends on the slen der ness ra tio 
Kl r based on gross sec tion prop er ties and a cor re spond ing criti cal value, C c , 
where
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Kl

r

K  l

r

K   l

r
=

ì
í
î

ü
ý
þ

max ,33 33

33

22 22

22

 ,   and

C c =
2 2p E

Fy

 . (ASD E2, ASD SAM 4)

For sin gle an gles, the mini mum radius of gy ra tion, rz ,  is used in stead of r22  and r33

in com put ing Kl r .

For Com pact or Non com pact sec tions Fa  is evalu ated as fol lows: 

( )
F  =  

Kl/r

C
F

 +  
 Kl/r

 C
   

K
a

c

y

c

1.0 -
ì
í
î

ü
ý
þ

-

( ) 2

22

5

3

3

8

( )l/r

C

 

c

3

38

 ,   if   
Kl

r
  C c£ , (ASD E2-1, SAM 4-1)

F  =  
  E

 Kl r
a

 
 

12

23

2

2

p

( )
 ,                           if   

Kl

r
  C c> . (ASD E2-2, SAM 4-2)

If  Kl r is greater than 200, then the cal cu lated value of Fa  is taken not to ex ceed the
value of Fa  cal cu lated by us ing the equa tion ASD E2-2 for Com pact and Non com -
pact sec tions (ASD E1, B7).

For Slender sec tions, ex cept slen der Pipe sec tions, Fa  is evalu ated as fol lows: 

( )
F  =  Q

Kl/r

C
F

 +  
 Kl/r

 C

a
c

y1.0 -
ì
í
ï

îï

ü
ý
ï

þï
¢

( ) 2

2
2

5

3

3

8

( )
c

 

c

   
Kl/r

C
¢ ¢

-

3

3
8

 , if 
Kl

r
  C c£ ¢ , (ASD A-B5-11, SAM 4-1)

F  =  
  E

 Kl r
a

 
 

12

23

2

2

p

( )
 ,                             if 

Kl

r
  C c> ¢ . (ASD A-B5-12, SAM 4-2)

where,

C
E

Q F
c

y

¢ =
2 2p

 . (ASD A-B5.2c, ASD SAM 4)
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For slen der sec tions, if  Kl r is greater than 200, then the cal cu lated value of Fa  is
taken not to ex ceed its value cal cu lated by us ing the equa tion ASD A-B5-12 (ASD 
B7, E1). 

For slen der Pipe sec tions Fa  is evalu ated as fol lows:

F  =  
D t

Fa y

662
0.40+ (ASD A- B5-9)

The re duc tion fac tor, Q, for all com pact and non com pact sec tions is taken as 1. For
slen der sec tions, Q  is  com puted as fol lows:

Q Q Qs a=  ,  where (ASD A-B5.2.c, SAM 4)

Q s  = re duc tion fac tor for un stiff ened slen der ele ments, and (ASD A-B5.2.a)

Q a  = re duc tion fac tor for stiff ened slen der ele ments. (ASD A-B5.2.c)

The Q s  fac tors for slen der sec tions are cal cu lated as de scribed in Table III-4 (ASD
A-B5.2a, ASD SAM 4). The  Q a  fac tors for slen der sec tions are cal cu lated as the
ra tio of ef fec tive cross- sectional area and the gross cross- sectional area.

Q
A

A
a

e

g

= (ASD A- B5-10)

The ef fec tive cross- sectional area is com puted based on ef fec tive width as fol lows:

( )A A b b te g e= - -å  

be  for un stiff ened el e ments is taken equal to b, and  be  for stiff ened el e ments is
taken equal to or less than b as given in Table III-5 (ASD A-B5.2b). For webs in I,
box, and Chan nel sec tions, he  is used as be  and  h is used as b in the above equa tion.

Flex ural-Torsional Buck ling

The al low able ax ial com pres sive stress value, Fa , de ter mined by the limit states of
tor sional and flexural- torsional buck ling is de ter mined as fol lows (ASD E3, C-E3):

( )

( )
F  =  Q

Kl/r

C
F

 +  
 Kl/r

 C

a

e

c

y

e

1.0 -
ì

í
ï

îï

ü

ý
ï

þï
¢

2

2
2

5

3

3

8

( )
c

e

 

c

   
Kl/r

C
¢ ¢

-

3

3
8

 , if ( )Kl/r   C
e c£ ¢ , (E2-1, A- B5- 11)

Calculation of Allowable Stresses         75

Chapter IV    Check/Design for AISC-ASD89



76        Calculation of Allowable Stresses        

CSI Steel Design Manual

Section
Type

Re duc tion Fac tor for Un stiff ened Slen der Ele ments
(Qs)

Equation
Reference

I-SHAPE [ ]Q

if b t F k

b t F k if Fs

f f y c

f f y c y=

£

-

1.0 95 

1.293 0.00309 95

2

2

,

[ ]{ }
k b t F k

k b t F if b t F k

c f f y c

c f f y f f y c

< <

³

ì

2

2 2
2

195

26,200 195

,

.

í
ïï

î
ï
ï

 ASD A-B5-3,
ASD A-B5-4 

BOX Qs =1 ASD A-B5.2c 

CHANNEL As for I-shapes with b tf f2  replaced by b tf f  .
ASD A-B5-3,
ASD A-B5-4 

T-SHAPE

For flanges, as for flanges in I-shapes. For web see below.

[ ]Q

if d t F

d t F if F d ts

w y

w y y w£

£

- <

1.0 , 127

1.908 0.00715 127

,

,

[ ]{ }
<

³

ì

í
ïï

î
ï
ï

176

20,000 176

F

d t F if d t F

y

w y w y

,

, .
2

ASD A-B5-3,
ASD A-B5-4,
ASD A-B5-5,
ASD A-B5-6

DOUBLE-
ANGLE 

[ ]Q

if b t F

b t F if F b ts

y

y y=

£

- < <

1.0  , 76

1.340 0.00447 76 155

,

,

[ ]{ }
F

b t F if b t F

y

y y

,

, .15,500 155
2

³

ì

í
ïï

î
ï
ï

ASD A-B5-1,
ASD A-B5-2,

SAM 4-3 

ANGLE [ ]Q

if b t F

b t F if F b ts

y

y y=

£

- < <

1.0  , 76

1.340 0.00447 76 155

,

,

[ ]{ }
F

b t F if b t F

y

y y

,

, .15,500 155
2

³

ì

í
ïï

î
ï
ï

ASD A-B5-1,
ASD A-B5-2,

SAM 4-3 

PIPE Qs =1 ASD A-B5.2c  

ROUND
BAR

Qs =1 ASD A-B5.2c 

RECTAN-
GULAR

Qs =1 ASD A-B5.2c 

GENERAL Qs =1 ASD A-B5.2c 

Table IV-3
Re duc tion Fac tor for Un stiff ened Slen der Ele ments, Q s
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Section
Type

Effective Width for Stiffened Sections Equation
Reference

I-SHAPE h

h if
h

t f

t

f h t f
if

h

t

e

w

w

w w

=

£

-
é

ë
ê

ù

û
ú >

, ,

( )
,

195.74

253 44.3
1

195.74

f
.

ì

í

ï
ï

î

ï
ï

    (compression only, f
P

A g

= ) ASD A-B5-8 

BOX

h

h if
h

t f

t

f h t f
if

h

t

e

w

w

w w

=

£

-
é

ë
ê

ù

û
ú >

, ,

( )
,

195.74

253 44.3
1

195.74

f
.

ì

í

ï
ï

î

ï
ï

    (compression only, f
P

A g

= )

b

b if
b

t f

t

f h t f
if

b

t

e

f

f

f

=

£

-
é

ë
ê
ê

ù

û
ú
ú

, ,

( )
,

183.74

253 50.3
1 >

ì

í

ï
ï

î

ï
ï

183.74

f
.

     (compr., flexure, f Fy= 0.6 )

ASD A-B5-8

ASD A-B5-7  

CHANNEL h

h if
h

t f

t

f h t f
if

h

t

e

w

w

w w

=

£

-
é

ë
ê

ù

û
ú >

, ,

( )
,

195.74

253 44.3
1

195.74

f
.

ì

í

ï
ï

î

ï
ï

    (compression only, f
P

A g

= ) ASD A-B5-8

T-SHAPE b be = ASD A-B5.2c  

DOUBLE-
ANGLE

b be = ASD A-B5.2c

ANGLE b be = ASD A-B5.2c

PIPE Qa = 1,  (However, special expression for allowable axial stress is given.) ASD A-B5-9

ROUND
BAR

Not applicable ¾ 

RECTAN-
GULAR

b be = ASD A-B5.2c

GENERAL Not applicable ¾ 

Table IV-4
Effective Width for Stiffened Sections



( )
F  =  

  E

 Kl/r
a

e

12

23

2

2

p
 ,                                   if ( )Kl/r   C

e c> ¢ . (E2-2, A- B5- 12)

where,

C
E

Q F
c

y

¢ =
2 2p

  ,  and (ASD E2, A-B5.2c, SAM 4)

( )Kl/r
E

Fe
e

=
p 2

 . (ASD C- E2-2, SAM 4-4)

ASD Com men tary (ASD C-E3) re fers to the 1986 ver sion of the AISC-LRFD code
for the cal cu la tion of Fe . The 1993 ver sion of the AISC-LRFD code is the same as
the 1986 ver sion in this respect. Fe  is cal cu lated in the pro gram as fol lows:

• For Rec tan gu lar, I, Box, and Pipe sec tions:

( )
F
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K l
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I I
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w

z z
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é
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ú +

p 2
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22 33
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 (LRFD A- E3-5)

• For T-sections and Dou ble-angles:
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F F
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e ez

22 22

22
22

1 1
4+æ

è
çç

ö

ø
÷÷ - -

+

é

( )ë
ê
ê

ù

û
ú
ú
 (LRFD A- E3-6)

• For Channels:

F  =  
F F
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e ez e ez

e ez

33 33

33
22

1 1
4+æ

è
çç

ö

ø
÷÷ - -

+

é

( )ë
ê
ê

ù

û
ú
ú
 (LRFD A- E3-6)

• For Sin gle-angle sec tions with equal legs:

F  =  
F F

H
 

F F H

F F
e

e ez e ez

e ez

33 33

33
22

1 1
4+æ

è
çç
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÷÷ - -

+

é

( )ë
ê
ê

ù

û
ú
ú
 (ASD SAM C- C4-1)

• For Single- angle sec tions with une qual legs, Fe  is cal cu lated as the mini mum
real root of the fol low ing cu bic equa tion (ASD SAM C- C4-2, LRFD A- E3-7):

78        Calculation of Allowable Stresses        

CSI Steel Design Manual



( )( )( ) ( ) (F F F F F F F F F
x

r
Fe e e e e ez e e e e- - - - - -33 22

2
22

0
2

0
2

2 F F
y

r
e e- =33

0
2

0
2

0)  ,

where,

x y0 0,  are the co or di nates of the shear cen ter with re spect to the cen troid,  
 x 0 0=  for double- angle and T- shaped mem bers (y-axis of sym me -

try),

r x y
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  = po lar ra dius of gy ra tion about the shear center,
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 , (LRFD A- E3-9)
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 , (LRFD A- E3-11)
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2
0
2

1
 , (LRFD A- E3-12)

K K22 33,  are ef fec tive length fac tors in mi nor and ma jor di rec tions,

K z  is the ef fec tive length fac tor for tor sional buck ling, and it is taken equal to 
K 22  in the pro gram,

l l22 33,  are ef fec tive lengths in the mi nor and ma jor di rec tions,

lz  is the ef fec tive length for tor sional buck ling, and it is taken equal to l22 .

For an gle sec tions, the prin ci pal mo ment of in er tia and ra dii of gy ra tion are used for 
com put ing Fe  (ASD SAM 4). Also, the maxi mum value of Kl,  i .e,  
max( , )K l K l22 22 33 33 , is used in place of K l22 22  or K l33 33  in cal cu lat ing Fe22  and Fe33

in this case.
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Allowable Stress in Bending

The al low able bend ing stress de pends on the fol low ing cri te ria: the geo met ric
shape of the cross- section, the axis of bend ing, the com pact ness of the sec tion, and
a length pa rame ter. 

I-sections

For I- sections the length pa rame ter is taken as the lat er ally un braced length, l22 , 
which is com pared to a criti cal length, lc . The criti cal length is de fined as

l
b

F

A

d F
c

f

y

f

y

=
ì
í
ï

îï

ü
ý
ï

þï
min ,

,76 20 000
 , where (ASD F1-2)

A f    is the area of com pres sion flange, 

Major Axis of Bending

If   l22  is less than lc , the ma jor al low able bend ing stress  for Com pact and
Noncom pact sec tions is taken de pend ing on whether the sec tion is welded or
rolled and whether  fy  is greater than 65 ksi or not. 

For Com pact sec tions:

F  =   Fb y33 0.66                     if fy £ 65 ksi , (ASD F1-1)

F  =   Fb y33 0.60                     if fy > 65 ksi , (ASD F1-5)

For Non com pact sec tions:

F  =  
b

t
F  Fb

f

f

y y33
2

0.79 0.002-
æ

è

ç
ç

ö

ø

÷
÷

, if rolled and fy £ 65 ksi, (ASD F1-3)

F =  
b

t

F

k
 Fb

f

f

y

c

y33
2

0.79 0.002-
æ

è

ç
ç

ö

ø

÷
÷

, if welded and fy £ 65 ksi, (ASDF1-4)

F  =   Fb y33 0.60                                   if  fy > 65 ksi.. (ASD F1-5)

If the un braced length l22  is greater than lc , then for both Com pact and Non -
com pact I- sections the al low able bend ing stress de pends on the  l rT22   ra tio. 
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( / )
0.6  , (ASD F1-7)

and  Fb33   is taken not to be less than that given by the fol low ing for mula:

( )
F
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l d A
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b

f

y33

22

12 000
= 0.6

,

/
£  (ASD F1-8)

where, 

rT    is the ra dius of gy ra tion of a sec tion com pris ing the com pres sion flange and 
1 3 the com pres sion web taken about an axis in the plane of the web,  

C  =   +   
M

M
 +   
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M
b
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b
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1.75 1.05 0.3
æ

è
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ö

ø
÷÷

æ

è
çç

ö

ø
÷÷ £

2

   2.3,  where (ASD F1.3)

M Ma band   are the end mo ments of any un braced seg ment of the mem ber and 
M a  is nu mer i cally less than M b ; M Ma b  be ing pos i tive for dou ble cur va ture
bend ing and neg a tive for sin gle cur va ture bend ing. Also, if any mo ment within
the seg ment is greater than M b , Cb  is taken as 1.0. Also, Cb  is taken as 1.0 for
can ti le vers and frames braced against joint trans la tion (ASD F1.3). The pro -
gram de faults Cb  to 1.0 if the un braced length,  l22 , of the mem ber is re de fined
by the user  (i.e. it is not equal to the length of the mem ber). The user can over -
write the value of  Cb  for any mem ber by spec i fy ing it.
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The al low able bend ing stress for Slen der sec tions bent about their ma jor axis is
de ter mined in the same way as for a Non com pact sec tion. Then the fol low ing
ad di tional con sid era tions are taken into ac count.

If the web is slen der, then the pre vi ously com puted al low able bend ing stress is
re duced as fol lows:

F R R Fb PG e b33 33
¢ =  , where (ASD G2-1)

R
A

A

h

t F
PG

w

f b

= - -
é

ë
ê
ê

ù

û
ú
ú

£1.0 0.0005 1.0
760

33

 , (ASD G2)

( )
R

A

A

A

A

e

w

f

w

f

=

+ -

+

£

12

12 2

1.0

3 3a a

 ,  (hy brid gird ers) (ASD G2)

Re =1.0 ,                                      (non- hybrid gird ers) (ASD G2)

Aw  = Area of web, in 2 ,

A f  = Area of com pres sion flange, in 2 , 

a = £
0.6

1.0
F

F

y

b33

  (ASD G2)

Fb33  = Al low able bend ing stress as sum ing the sec tion is non- compact,  and

Fb33
¢  = Al low able bend ing stress af ter con sid er ing web slenderness.

In the above ex pres sions, Re  is taken as 1, be cause cur rently the pro gram deals
with only non-hy brid gird ers.

If the flange is slen der, then the  pre vi ously com puted al low able bend ing stress
is taken to be lim ited as follows.

( )F Q Fb s y33
¢ £ 0.6  , where (ASD A-B5.2a, A-B5.2d)

Q s  is de fined ear lier.
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Minor Axis of Bending

The mi nor di rec tion al low able bend ing stress Fb22  is taken as fol lows:

For Com pact sec tions:

F  =   Fb y22 0.75                     if fy £ 65 ksi , (ASD F2-1)

F  =   Fb y22 0.60                     if fy > 65 ksi , (ASD F2-2)

For Non com pact and Slen der sec tions:

F  =  
b

t
F  Fb

f

f

y y22
2

1.075 0.005-
æ

è

ç
ç

ö

ø

÷
÷

,    if  fy £ 65 ksi, (ASD F2-3)

F  =   Fb y22 0.60                                      if  fy > 65 ksi.. (ASD F2-2)

Channel sections

For Chan nel sec tions the length pa rame ter is taken as the lat er ally un braced
length, l22 , which is com pared to a criti cal length, lc . The criti cal length is de -
fined as

l
b

F

A

d F
c

f

y

f

y

=
ì
í
ï

îï

ü
ý
ï

þï
min ,

,76 20 000
 , where (ASD F1-2)

A f    is the area of com pres sion flange, 

Major Axis of Bending

If   l22  is less than lc , the ma jor al low able bend ing stress  for Com pact and
Noncom pact sec tions is taken de pend ing on whether the sec tion is welded or
rolled and whether fy  is greater than 65 ksi or not. 

For Com pact sec tions:

F  =   Fb y33 0.66                     if fy £ 65 ksi , (ASD F1-1)

F  =   Fb y33 0.60                     if fy > 65 ksi , (ASD F1-5)

For Non com pact sec tions:

F  =  
b

t
F  Fb

f

f

y y33 0.79 0.002-
æ

è

ç
ç

ö

ø

÷
÷

, if rolled and fy £ 65 ksi, (ASD F1-3)
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F
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 Fb

f

f

y

c

y33 0.79 0.002-
æ

è

ç
ç

ö

ø

÷
÷

, if welded and fy £ 65 ksi, (ASD F1-4)

F  =   Fb y33 0.60                                   if  fy > 65 ksi.. (ASD F1-5)

If the un braced length l22  is greater than lc , then for both Com pact and
Noncom pact Chan nel sections the al low able bend ing stress is taken as follows:

( )
F

C

l d A
Fb

b

f

y33

22

12 000
= 0.6

,

/
£  (ASD F1-8)

The al low able bend ing stress for Slen der sec tions bent about their ma jor axis is
de ter mined in the same way as for a Non com pact sec tion. Then the fol low ing
ad di tional con sid era tions are taken into ac count.

If the web is slen der, then the pre vi ously com puted al low able bend ing stress is
re duced as fol lows:

F R R Fb e PG b33 33
¢ =  (ASD G2-1)

If the flange is slen der, the  pre vi ously com puted al low able bend ing stress is
taken to be lim ited as follows:

( )F Q Fb s y33
¢ £ 0.6 (ASD A-B5.2a, A-B5.2d)

The defi ni tion for  rT , Cb , A f , Aw , Re , RPG , Q s , Fb33 , and Fb33
¢  are given ear lier.

Minor Axis of Bending

The mi nor di rec tion al low able bend ing stress Fb22  is taken as fol lows:

F  =   Fb y22 0.60 (ASD F2-2)

T-sections and Double angles

For T sec tions and Dou ble an gles, the al low able bend ing stress for both ma jor
and mi nor axes bending is taken as,

F  =   Fb y0.60  .
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Box Sections and Rectangular Tubes

For all Box sec tions and Rec tan gu lar tubes, the length pa rame ter is taken as the
lat er ally un braced length, l22 , meas ured com pared to a criti cal length, lc . The
criti cal length is de fined as

l  M /M
b

F
, 

 b

F
c a b

y y

= +
ì
í
î

ü
ý
þ

max ( )1950 1200
1200

(ASD F3-2)

where M a and M b  have the same defi ni tion as noted ear lier in the for mula for 

Cb .  If  l22  is speci fied by the user, lc  is taken as  
1200 b

Fy

   in the pro gram.

Major Axis of Bending

If   l22  is less than lc , the al low able bend ing stress in the ma jor di rec tion of
bend ing is taken as:

F =   Fb y33 0.66       (for Com pact sec tions) (ASD F3-1)

F  =  Fb y33 0.60       (for Non com pact sec tions) (ASD F3-3)

If    l22  ex ceeds lc , the al low able bend ing stress in the ma jor di rec tion of bend -
ing for both Com pact and Non com pact sec tions is taken as:

F  =   Fb y33 0.60 (ASD F3-3)

The ma jor di rec tion al low able bend ing stress for Slen der sec tions is de ter -
mined in the same way as for a Non com pact sec tion. Then the fol low ing ad di -
tional con sid era tion is  taken into ac count. If the web is slen der, then the pre vi -
ously com puted al low able bend ing stress is re duced as fol lows:

F R R Fb e PG b33 33
¢ =  (ASD G2-1)

The defi ni tion for  Re , RPG , Fb33 , and Fb33
¢  are given ear lier.

If the flange is slen der, no ad di tional con sid er ation is needed in com put ing al -
low able bend ing stress. How ever, ef fec tive sec tion di men sions are cal cu lated
and the sec tion modu lus is modi fied ac cord ing to its slen der ness. 

Minor Axis of Bending

If  l22  is less than lc , the al low able bend ing stress in the minor di rec tion of bend -
ing is taken as:
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F =   Fb y22 0.66       (for Com pact sec tions) (ASD F3-1)

F  =  Fb y22 0.60       (for Non com pact and Slender sec tions) (ASD F3-3)

If    l22  ex ceeds lc , the al low able bend ing stress in the minor di rec tion of bend -
ing is taken, ir re spec tive of com pact ness, as:

F  =  Fb y22 0.60 (ASD F3-3)

Pipe Sections

For Pipe sec tions, the al low able bend ing stress for both ma jor and mi nor axes
of bend ing is taken as

F  =   Fb y0.66     (for Com pact sec tions), and (ASD F3-1)

F  =   Fb y0.60     (for Non com pact and Slen der sec tions). (ASD F3-3)

Round Bars 

The al low able stress for both the ma jor and mi nor axis of bend ing of round bars 
is taken as,

F  =   Fb y0.75  . (ASD F2-1)

Rectangular and Square Bars 

The al low able stress for both the ma jor and mi nor axis of bend ing of solid
square bars is taken as,

F  =   Fb y0.75  . (ASD F2-1)

For solid rec tan gu lar bars bent about their ma jor axes, the al low able stress is
given by

F  =   Fb y0.60 ,  And

the al low able stress for mi nor axis bend ing of rec tan gu lar bars is taken as,

F  =   Fb y0.75  . (ASD F2-1)
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Single-Angle  Sections

The al low able flex ural stresses for Single- angles are cal cu lated based on their prin -
ci pal axes of bend ing (ASD SAM 5.3). 

Major Axis of Bending

The al low able stress for ma jor axis bend ing is the mini mum con sid er ing the limit
state of lateral- torsional buck ling and lo cal buck ling (ASD SAM 5.1).

The al low able ma jor bend ing stress for Single- angles for the limit state of lateral-
 torsional buck ling is given as fol lows (ASD SAM 5.1.3):

F  =  
F

F
Fb major

ob

y

ob, 0.55 0.10-
é

ë
ê

ù

û
ú ,                    if   F Fob y£ (ASD SAM 5-3a)

F  =  
F

F
F Fb major

y

ob

y y, 0.95 0.50 0.66-
é

ë

ê
ê

ù

û

ú
ú

£ ,   if   F Fob y> (ASD SAM 5-3b)

where, Fob  is the elas tic lateral- torsional buck ling stress as cal cu lated be low. 

The elas tic lateral- torsional buck ling stress, Fob , for equal- leg an gles is taken as

F C
l t

ob b=
28,250

 , (ASD SAM 5-5)

and for unequal- leg an gles  Fob  is cal cu lated as

F C
I

S l
lt rob b

major

w w= + +é
ë

ù
û

143,100 0.052min
min2

2 2b b( )  , (ASD SAM 5-6)

where,

( )t t tw f= min ,  ,

( )l l l= max ,22 33  ,

Imin = mi nor prin ci pal mo ment of in er tia,

Imax = major prin ci pal mo ment of in er tia,

Smajor = ma jor sec tion modu lus for com pres sion at the tip of one leg,
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rmin  = ra dius of gy ra tion for mi nor prin ci pal axis,  

bw
AI

z w z dA z= +
é

ë
ê

ù

û
ú -ò

1
22 2

0

max

( )  , (ASD SAM 5.3.2)

z = co or di nate along the ma jor prin ci pal axis,

w = co or di nate along the mi nor prin ci pal axis, and

z0 = co or di nate of the shear cen ter along the ma jor prin ci pal axis with re spect 
to the cen troid.

bw  is a spe cial sec tion prop erty for an gles. It is posi tive for short leg in com pres -
sion, nega tive for long leg in com pres sion, and zero for equal- leg an gles (ASD
SAM 5.3.2). How ever, for con ser va tive de sign in the pro gram, it is al ways taken as
nega tive for unequal- leg an gles.

In the above ex pres sions Cb  is cal cu lated in the same way as is done for I sec tions
with the ex cep tion that the up per limit of Cb  is taken here as 1.5 in stead of 2.3.

C  =   +   
M

M
 +   

M

M
b
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b
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æ

è
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è
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ö
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2

   1.5 (ASD F1.3, SAM 5.2.2)

The al low able ma jor bend ing stress for Single- angles for the limit state of lo cal
buck ling is given as fol lows (ASD SAM 5.1.1):

F  =  Fb major y, 0.66 ,                    if              
b

t Fy

£
65

 , (ASD SAM 5-1a)

F  =  Fb major y, 0.60 ,                    if   
65 76

F

b

t Fy y

< £  , (ASD SAM 5-1b)

( )F  =  Q Fb major y, 0.60  ,            if               
b

t Fy

>
76

 , (ASD SAM 5-1c)

where,

t = thick ness of the leg un der consideration,

b = length of the leg un der con sid era tion, and

Q = slen der ness re duc tion fac tor for lo cal buck ling. (ASD A- B5-2, SAM 4)
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In cal cu lat ing the al low able bend ing stress for Single- angles for the limit state of
lo cal buck ling, the al low able stresses are cal cu lated con sid er ing the fact that ei ther
of the two tips can be un der com pres sion. The mini mum al low able stress is con sid -
ered.

Minor Axis of Bending

The al low able minor bend ing stress for Single- angles is given as fol lows (ASD
SAM 5.1.1, 5.3.1b, 5.3.2b):

F  =  Fyb,minor 0.66 ,                    if              
b

t Fy

£
65

 , (ASD SAM 5-1a)

F  =  Fyb,minor 0.60 ,                    if   
65 76

F

b

t Fy y

< £  , (ASD SAM 5-1b)

( )F  =  Q Fyb,minor 0.60  ,            if               
b

t Fy

>
76

 , (ASD SAM 5-1c)

In cal cu lat ing the al low able bend ing stress for Single- angles it is as sumed that the
sign of the mo ment is such that both the tips are un der com pres sion. The mini mum
al low able stress is con sid ered.

General Sections

For Gen eral sec tions the al low able bend ing stress for both ma jor and mi nor
axes bending is taken as,

F  =   Fb y0.60  .

Allowable Stress in Shear 

The shear stress is cal cu lated along the geo met ric axes for all sec tions. For I, Box,
Chan nel, T, Dou ble an gle, Pipe, Cir cu lar and Rec tan gu lar sec tions, the prin ci pal
axes co in cide with their geo met ric axes. For Single- angle sec tions, prin ci pal axes
do not co in cide with the geometric axes. 

Major Axis of Bending

The al low able shear stress for all sec tions ex cept I, Box and Chan nel sec tions is
taken in the pro gram as:
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F Fv y= 0.40  (ASD F4-1, SAM 3-1)

The al low able shear stress for ma jor di rec tion shears in I- shapes, boxes and chan -
nels is evalu ated as fol lows: 

F Fv y= 0.40    ,                    if   
h

t
   

Fw y

£
380

 ,  and (ASD F4-1)
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where,
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(ASD F4)

t w = Thick ness of the web,

a = Clear dis tance be tween trans verse stiff en ers, in. Cur rently it is taken  
con ser va tively as the length, l22 , of the mem ber in the pro -

gram,

h = Clear dis tance be tween flanges at the sec tion, in. 

Minor Axis of Bending

The al low able shear stress for mi nor di rec tion shears is taken as:

F Fv y= 0.40  (ASD F4-1, SAM 3-1) 
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Calculation of Stress Ratios

In the calculation of the ax ial and bend ing stress ca pac ity ra tios, first, for each sta -
tion along the length of the mem ber, the ac tual stresses are cal cu lated for each load
com bi na tion. Then the cor re spond ing al low able stresses are calculated. Then, the
ca pac ity ra tios are calculated at each sta tion for each mem ber un der the in flu ence of 
each of the de sign load com bi na tions. The con trol ling ca pac ity ra tio is then ob -
tained, along with the as so ci ated sta tion and load com bi na tion. A ca pac ity ra tio
greater than 1.0 in di cates an overstress.

Dur ing the de sign, the ef fect of the pres ence of bolts or welds is not con sid ered.
Also, the joints are not de signed.

Ax ial and Bend ing Stresses

With the com puted al low able ax ial and bend ing stress val ues and the fac tored ax ial
and bend ing mem ber stresses at each sta tion, an in ter ac tion stress ra tio is pro duced
for each of the load com bi na tions as fol lows (ASD H1, H2, SAM 6): 

• If   fa  is com pres sive and f Fa a > 0.15, the com bined stress ra tio is given by
the larger of 
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 , and (ASD  H1-1, SAM 6.1)
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 ,   where (ASD  H1-2, SAM 6.1)

fa , fb33 , fb22 , Fa , Fb33 , and Fb22  are de fined ear lier in this chapter,

Cm33  and Cm22  are co ef fi cients rep re sent ing dis tri bu tion of mo ment along the
mem ber length.
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Cm =

1.00 , if length is overwritten,                

1.00 , if tension member,                

0.85 , if sway frame,                              

0.6 0.4 if -
M

a
M

b

, nonsway, no transverse loading,      

0.85 , if nonsway, trans.  load,  end restrained,   

1.00 , if nonsway, trans.  load,  end unrestrained.
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(ASD H1)

For sway frame  Cm = 0.85 , for nonsway frame with out trans verse load 
C M Mm a b= -0.6 0.4  , for nonsway frame with trans verse load and end re -
strained com pres sion mem ber  Cm = 0.85 , and for nonsway frame with trans -
verse load and end un re strained com pres sion mem ber Cm =1.00  (ASD H1), 
where M Ma b  is the ra tio of the smaller to the larger mo ment at the ends of the
mem ber, M Ma b  be ing pos i tive for dou ble cur va ture bend ing and neg a tive for
sin gle cur va ture bend ing. When M b  is zero, Cm  is taken as 1.0. The pro gram
de faults  Cm  to 1.0 if the un braced length fac tor,  l, of the mem ber is re de fined
by ei ther the user or the pro gram, i.e., if the un braced length is not equal to the
length of the mem ber. The user can over write the value of Cm  for any mem ber. 
Cm  as sumes two val ues, Cm22  and Cm33 , as so ci ated with the ma jor and mi nor di -
rec tions.

Fe
¢ is given by
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 . (ASD H1)

A fac tor of 4/3 is ap plied on Fe
¢ and  0.6Fy  if  the load com bi na tion in cludes any 

wind load or seis mic load (ASD H1, ASD A5.2).

• If   fa  is com pres sive and f Fa a £ 0.15 , a rela tively sim pli fied for mula is used 
for the com bined stress ra tio. 
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 (ASD  H1-3, SAM 6.1)

• If   fa  is ten sile or zero, the com bined stress ra tio is given by the larger of 
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+   ,  where

fa , fb33 , fb22 , Fa , Fb33 , and Fb22  are de fined ear lier in this chap ter. How ever, ei -
ther Fb33  or Fb22  need not be less than 0.6Fy  in the first equa tion (ASD H2-1). 
The sec ond equa tion con sid ers flex ural buck ling with out any be nefi cial ef fect
from ax ial com pres sion.

For cir cu lar and pipe sec tions, an SRSS com bi na tion is first made of the two bend -
ing com po nents be fore add ing the ax ial load com po nent, in stead of the sim ple ad -
di tion im plied by the above for mu lae.

For Single- angle sec tions, the com bined stress ra tio is cal cu lated based on the prop -
er ties about the principal axis (ASD SAM 5.3, 6.1.5). For I, Box, Chan nel, T, Dou -
ble-an gle, Pipe, Cir cu lar and Rec tan gu lar sec tions, the prin ci pal axes co in cide with
their geo met ric axes. For Single- angle sec tions, prin ci pal axes are de ter mined in
the pro gram. For gen eral sec tions no ef fort is made to de ter mine the prin ci pal di rec -
tions.

When de sign ing for com bi na tions in volv ing earth quake and wind loads, al low able
stresses are in creased by a fac tor of 4/3 of the regu lar al low able value (ASD A5.2).

Shear Stresses

From the al low able shear stress val ues and the fac tored shear stress val ues at each
sta tion, shear stress ra tios for ma jor and minor di rec tions are computed for each of
the load com bi na tions as fol lows: 

f

F
v

v

2   ,      and      

f

F
v

v

3   .

For Sin gle-an gle sec tions, the shear stress ra tio is cal cu lated for di rec tions along
the geo met ric axis. For all other sec tions the shear stress is cal cu lated along the
prin ci ple axes which co in cide with the  geo met ric axes. 

When de sign ing for com bi na tions in volv ing earth quake and wind loads, al low able
shear stresses are in creased by a fac tor of 4/3 of the regular al low able value (ASD
A5.2).
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