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Design Aids for Built-Up I-Shaped Beams 
with Slender Webs

PAUL P. NASADOS, JR. 

With the advent of the 13th Edition AISC Steel Construc-
tion Manual (AISC, 2005a), hereafter referred to as the 

AISC Steel Manual, available strength design aids have been 

prepared for use in the design of built-up I-shaped beams 

with slender webs, with or without stiffeners, for allowable 

strength design (ASD) and load and resistance factor design 

(LRFD) methodologies.

While the application of slender web built-up sections is 

not as common as rolled shapes, their use is warranted under 

conditions of economy, specialization or unusual constraints. 

Section F4 of the Specifi cation for Structural Steel Buildings 

(AISC, 2005b), hereafter referred to as the AISC Specifi ca-
tion, governs the fl exural design of beams with noncompact 

webs for doubly or singly symmetric I-shaped members; 

however, Section F5 provides a simplifi ed and conservative 

approach to the fl exural design of beams with compact, non-

compact, or slender webs by ignoring the torsional proper-

ties of the cross section. This approach greatly simplifi es the 

design equations; however, the engineer is still confronted 

with determining the controlling limit state by applying the 

numerous equations in Section F5. This is compounded by 

the provisions in Sections G2 and G3 for the limit states 

pertaining to shear and the proportioning limits imposed by 

Section F13.2. Hence, the available strength tables appear-

ing in this paper were created to aid in the design of built-up 

I-shaped slender web beams.

Tables originally prepared by Nasados (1997) served as 

design aids for plate girder design in accordance with the 

Load and Resistance Factor Design Specifi cation for Struc-
tural Steel Buildings (AISC, 1993). The plate girder design 

aids included homogeneous sections for 36- and 50-ksi yield 

strengths, and hybrid sections consisting of 50-ksi fl anges 

and 36-ksi webs. Those original design aids have been re-

vised and updated to refl ect the current specifi cations and 

industry practice of using homogeneous material and mini-

mum yield strength of 50 ksi.

An example is presented to demonstrate the usage of the 

available strength tables. The example mimics the format of 

the design examples that appear on the companion CD that 

accompanies the AISC Steel Manual (AISC, 2005a).

GENERATION OF THE AVAILABLE 
STRENGTH TABLES

The provisions of Sections F5, G2, and G3 (AISC, 2005b) are 

largely based on the work of Basler and Thurlimann (1961) 

and Basler (1961a and 1961b) and essentially have remained 

unchanged since their adoption into the AISC specifi cations. 

Available strength tables were generated by employing the 

equations presented in the current Specifi cation for each 

limit state with the following two simplifi cations: First, the 

effective radius of gyration of the compressed portion of the 

girder used for the calculation of the lateral torsional buck-

ling limit state in Section F5.2 is approximated as the radius 

of gyration of the compression fl ange plus one-third of the 

web that is in compression; this approximation appears as a 

user note at the end of Section F4.2, specifi cally,
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Second, the following equations were used for the slender-

ness parameters in Section F5.3 for the compression fl ange 

local buckling limit state:
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 (AISC Specifi cation Table B4.1, Case 2)

 λ λpf yfcp E/F= = 0 38.  (4)

 (AISC Specifi cation Table B4.1, Case 2, Footnote b)

 k E/Fλ λrf r= = 0 95. c L  (5)
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where

FL = 0.7Fy 

(AISC Specifi cation Table B4.1, Case 2, footnote b) 

Equation 5 yields:
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where

 kc = 4

wh/t
  0 35 0 76. .≤ ≤kc   

(7)

 (AISC Specifi cation Table B4.1, footnote a)

Since there was a tremendous amount of data and innumer-

able subsequent calculations used to generate the available 

strength tables, a spreadsheet was programmed (Microsoft 

Excel utilizing Visual Basic for Applications) to determine 

the pertinent values shown in the tables. Equations for each 

limit state were programmed into the spreadsheet according 

to the specifi cation and as noted earlier. Dimensions and sec-

tion properties were calculated by applying basic geometric 

and mechanics equations.

FLEXURAL AND SHEAR DESIGN LIMIT STATES

The programmed spreadsheet determined the nominal 

fl exural strength by calculating and selecting the control-

ling limit state for compression fl ange yielding per Section 

F5.1; lateral torsional buckling per Section F5.2, utilizing 

an effective radius of gyration given in Equation 1; com-

pression fl ange local buckling per Section F5.3 utilizing 

Equations 3 to 7; and tension fl ange yielding per Section 

F5.4. Vertical fl ange buckling is checked by the program per 

the requirements of Section F13.2. It should be noted that 

the sections shown in the tables are all doubly symmetric; 

therefore, Equation F13-2 of Section F13.2 is not applicable, 

and no further treatment of this requirement is given within 

the tables.

The nominal shear strength is determined in the same 

fashion as the fl exural strength but for the limit states of 

shear yielding and shear buckling per Section G2.1 and the 

limit state of tension fi eld yielding per Section G3.2 sub-

jected to the limits imposed by Section G3.1. Two shear 

strength tables were generated: one for utilizing the post 

buckling strength of the web including tension fi eld action 

and one for excluding tension fi eld action. This is clearly 

stated on each table. The requirements for including tension 

fi eld action per Section G3.1 are inherent in the tables by 

programmed checks in the spreadsheet.

The allowable strength (ASD) or design strength (LRFD) 

for fl exure and shear were determined by applying the 

appropriate safety or resistance factor. Consequently, the 

data shown in the available strength tables is the result of the 

generation process.

AVAILABLE STRENGTH TABLES

The available strength tables (Appendices B and C) provide 

the available fl exural or shear strength in a tabular format 

based on either ASD or LRFD methodologies. The tables 

were generated for welded doubly symmetric I-shaped slen-

der web beams. All tables display the available strength for 

ASD or LRFD in a side-by-side format similar to the aids 

presented in the AISC Steel Manual (AISC, 2005a). Each 

table displays the appropriate safety and resistance factors 

and material yield strength in the heading of the table. The 

fl exural strength tables also indicate the beam bending co-

effi cient, Cb, set to unity. Local effects due to concentrated 

loads are not accounted for in the tables.

DIMENSIONS

There are an infi nite number of combinations that could be 

generated for design tables; however, that would preclude 

publishing in a journal. Thus, the tables have incorporated 

some practical minimum fabrication sizes and author-chosen 

increments of plate sizes that may compose a built-up slender 

web beam.

Web depths begin at 60 in. and increase to 120 in. at 12-in. 

intervals; very slender webs are not used. Plate thicknesses 

for the web increase at a constant z-in. increment instead of 

the recommended 8-in. increment for thicknesses over a in. 

per AISC fabrication suggestions (AISC, 2005a). 

Flange widths and thicknesses are given beginning with 

12 in. wide by w in. thick and ending at 30 in. wide by 3 in. 

thick with increments of 6 in. and 4 in., respectively. The 

width-to-thickness ratio of the compression fl ange was kept 

at or below 24 for practical fabrication concerns.

Lateral brace points of the compression fl ange are given 

for a condition of full lateral support, intervals of 5 ft, from 

10 to 30 ft, and at 50, 75, and 100 ft.

Basic section properties are given along with the raw di-

mensions. The tabulated weight per foot excludes any addi-

tional weight due to welds or other attachments.

AVAILABLE STRENGTH

Available fl exural strength tables (Appendix B) present 

available fl exural strength based on the laterally unbraced 

length for a predetermined cross section for ASD and LRFD. 

Sections not yielding adequate strength above that of sup-

porting self-weight are shown dashed.

Available shear strength tables (Appendix C) correspond 

to the web depths and thicknesses in the available fl exural 

strength tables. Available shear strength is presented as a 

function of transverse stiffener spacing for webs with and 
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bfc = Width of the compression fl ange

Cb  = Beam bending coeffi cient

E = Modulus of elasticity for steel (29,000 ksi)

FL = Calculated stress used to determine the nomi-

nal fl exural strength

Fy  = Minimum yield stress

Fyfc  = Minimum yield stress of the compression 

fl ange

Fu  = Minimum tensile stress

h = Clear distance between fl anges

hc = Twice the distance from the centroid to the 

inside face of the compression fl ange

I = Moment of inertia

kc = Buckling parameter of the compression fl ange

kv = Shear buckling coeffi cient

L = Span length

Lb = Laterally unbraced length

Ma = Required fl exural strength (ASD)

MD = Moment due to dead load

ML = Moment due to live load

Mn = Nominal fl exural strength

Mn/Ωb = Allowable fl exural strength (ASD)

Mu = Required fl exural strength (LRFD)

P = Point load

rt  = Radius of gyration of the compression fl ange 

plus one-third of the compressed portion of the 

web

tfc = Thickness of the compression fl ange

tw = Thickness of the web

Va = Required shear strength (ASD)

VD = Shear due to dead load

VL = Shear due to live load

Vn = Nominal shear strength

Vn/Ωv = Allowable shear strength (ASD)

Vu = Required shear strength (LRFD)

ΔL = Defl ection due to live load

λ = Slenderness parameter (generalized)

λfc = Slenderness parameter for compression fl ange

without tension fi eld action for ASD and LRFD. Addition-

ally, it should be noted that Tables 3-16 and 3-17 of the 

AISC Steel Manual (AISC, 2005a) give curves for deter-

mining available shear stress using the ratio of stiffener 

spacing to web depth versus web slenderness. If Table C1 

is used, the limits of AISC Specifi cation Section G3.1 must 

be satisfi ed.

Available shear strength is given up to a maximum stiffen-

er spacing, amax, as indicated in the tables by a vertical solid 

line. This point may readily be determined by the limiting 

equations for the shear buckling coeffi cient given in Section 

G2.1 of the AISC Specifi cation for stiffened webs:

 kv = 5 if 
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Rearranging and solving for a yields:

 a h
t
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w= minimum of 0 and3
67 600

2
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,
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The maximum stiffener spacing designation is rounded to 

the nearest stiffener increment given in the table rather than 

its precise location. This line also indicates that the stiffeners 

have no effect on increasing the shear strength of the web, 

and also serves as a practical limit when considering fabrica-

tion and erection issues.

An example demonstrating the usage of the tables is pre-

sented in Appendix A. A full complement of the generated 

tables is provided in Appendices B and C. 

CONCLUSION

Available strength tables for slender web I-shaped beams 

have been presented. The tables allow rapid determination 

of available strength in fl exure and shear for both ASD and 

LRFD design methodologies. The tables may be used during 

the course of design for preliminary member sizing, design 

checking, fi nal design, or design comparison. Many tedious 

calculations regarding detailing, geometric dimensions, and 

numerous limit state checks for the design of slender-web I-

shaped beams are eliminated by using the tables. The tables 

have been formatted similarly to the current AISC Steel 
Manual design aids in spirit and usage. An example has been 

presented to illustrate the usage of the tables.

NOMENCLATURE

The following symbols are used in this paper:

Aw = Area of web plate (h × tw)

a = Clear distance between transverse stiffeners

aw = Ratio of twice the web area in compression to 

the compression fl ange area
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λp = Limiting slenderness parameter for compact 

element

λpf = Limiting slenderness parameter for compact 

fl ange

λr = Limiting slenderness parameter for noncom-

pact element

λrf = Limiting slenderness parameter for noncom-

pact fl ange

φb  = Resistance factor for fl exure = 0.9 (LRFD)

φbMn = Design fl exural strength (LRFD)

φv  = Resistance factor for shear = 0.9 (LRFD)

φvVn = Design shear strength (LRFD)

Ωb  = Safety factor for fl exure = 1.67 (ASD)

Ωv  = Safety factor for shear = 1.67 (ASD)
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APPENDIX A 
Example: Slender Web I-Shaped Flexural 

Member in Strong-Axis Bending

Given 
A simply supported transfer girder with a span of 60 ft as 

shown in Figure A1. The nominal applied dead and live 

loads are 200 and 100 kips, respectively. The applied loads 

and lateral bracing are at the third points of the girder. The 

live load defl ection is limited to L/240.

Determine
Using the available strength tables, select a suitable I-shaped 

fl exural member section that satisfi es the limit states of fl ex-

ure and shear, and the limit state of defl ection for service-

ability. Use LRFD and ASD methodology.

Solution
The allowable maximum live load defl ection is:

= =ΔL (max)

(60 ft 12 in./ft)

240
= 3.00 in

×
..

L

240

The maximum live load defl ection will occur at the midspan, 

resulting in a required moment of inertia:

I
PL

E
req’d

L

= =
3

28 Δ
(100 kips)(60 ft 12 in./ft)× 3

4

28(29,000 ksi)(3 in.)
= 15,300 in.

(AISC Steel Manual Table 3-23, Diagram 9) 

Assume an initial girder weight of 0.360 kip/ft.

The required moments and forces are determined as:

M
w L

P a
D

D

D
= + =

2

8

(0.360 kip/ft)(60 ft)

8

2

 + (200 kips)(20 ft) = 4,160 kip-ft

(100 kips)M P a
L L

= = ((20 ft) = 2,000 kip-ft

(0.360 kip/ft)(60 ft)
V

w L
P

D

D

D
= + =

2 2
+ 200 kips = 211 kips

100 kV P
L L

= = iips

Fig. A1. Simply supported transfer girder.
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For use of the available strength tables in Appendices B and 

C, the required strengths are determined per ASCE 7 (ASCE, 

2002) Sections 2.3 and 2.4 (LRFD and ASD, respectively) 

for a typical load case:

LRFD ASD

Mu =  1.2(4,160 kip-ft) 

+ 1.6(2,000 kip-ft)

Mu =  8,190 kip-ft)

Vu =  1.2(211 kips) 

+ 1.6(100 kips)

vu =  413 kips

Ma =  4,160 kip-ft 

+ 2,000 kip-ft

Ma = 6,160 kip-ft

Va =  211 kips + 100 kips

Va =  311 kips

Material Properties:

ASTM A572 Gr. 50, Fy = 50 ksi, Fu = 65 ksi (AISC Steel 
Manual Table 2-4)

For Lb = 20 ft, Cb = 1.0 for middle span (AISC Steel Manual 
Table 3-1), and Fy = 50 ksi

By inspection of the available fl exural strength tables in Ap-

pendix B, narrow the options to a 60-in.-deep web.

LRFD ASD

Web: 60 in. × c in., 

Flanges: 24 × 121 in.

From Appendix B, Table B1

I = 73,700 in.4 > Ireq’d o.k.

ϕb Mn =  8,200 kip-ft 

> 8,190 kip-ft o.k.

Web: 60 in. × c in., 

Flanges: 24 × 1w1 in.

From Appendix B, Table B1

I = 85,700 in.4 > Ireq’d o.k.

Mn /Ωb =  6,320 kip-ft 

> 6,160 kip-ft o.k.

By inspection of the available shear strength tables in 
Appendix C, it is clear that stiffeners must be used for a 
c-in.-thick web. For end panels, tension fi eld action is not 

permitted per AISC Section G3. Enter the available shear 

strength tables with tension fi eld action EXCLUDED in Ap-

pendix C and fi nd at an initial stiffener spacing:

LRFD ASD

Stiffener spacing, a = 20 in.

ϕv Vn =  494 kips > 413 kips 

o.k.

Stiffener spacing, a = 20 in.

Vn /Ωv =  329 kips > 311 kips 

o.k.

Tension fi eld action may be used in the adjacent stiffened 

panels. As the shear reduces across the span, stiffeners may 

be detailed according to the distribution of shear and selected 

by using the available shear strength tables with tension fi eld 

action INCLUDED in Appendix C.

The stiffener spacing may be optimized by using engi-
neering judgment and interpolation of the available shear 
strength tables in Appendix C, or by using AISC Steel 
Manual Tables 3-17a and 3-17b for any given spacing and 

web size.

Finally, check the actual girder weight versus the 

assumed:

LRFD ASD

Assumed: 0.360 kip/ft

Actual: 0.309 kip/ft o.k.

Assumed: 0.360 kip/ft

Actual: 0.350 kip/ft o.k.

Final Selection:

LRFD ASD

Use: Fy = 50 ksi

Web:  60 in. × c in., with 

ainitial = 20 in.

Flanges: 24 in. × 121 in.

Use: Fy = 50 ksi

Web:  60 in. × c in., with 

ainitial = 20 in.

Flanges: 24 in. × 1w1 in.

Other adequate sections that may be selected:

LRFD

Web (in.) Flanges (in.) Fy (ksi) ainitial (in.)

72 × a 18 × 1w 50 30

84 × a 18 × 12 50 30

96 × v 18 × 14 50 90

– – – –

– – – –

ASD

Web (in.) Flanges (in.) Fy (ksi) ainitial (in.)

72 × a 18 × 2 50 30

84 × c 18 × 1w 50 20

84 × b 18 × 12 50 90

96 × a 18 × 12 50 30

96 × b 18 × 14 50 90

Choosing rolled sections for fl exural strength from AISC 
Steel Manual Table 3-10 yields W40×593 or W36×529 

for LRFD and W40×593 or W36×652 for ASD, which are 

also adequate for shear strength and serviceability. Special 

requirements may apply to these shapes per Section A3.1c 

of the AISC Specifi cation and may be subject to availability 

through limited producers.
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