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CHAPTER 1 
Introduction to Structural Steel Design 
Advantages of structural steel: 

1. High Strength 

The high strength per steel unit of weight means that the weight of structures will be small. 

2. Uniformity 

The properties of steel do not change over the time as do those for reinforced concrete 
structures. 

3. Elasticity 

Steel behaves closer to design assumptions than most materials because it follows 
Hook’s law up to fairly high stress. 

4. Performance 
Steel frames that are properly maintained will last indefinitely. 
 

5. Ductility  

 

1.1 STRUCTURAL DESIGN 
 

The structural design of buildings, whether of structural steel or reinforced concrete, requires: 

1.  The determination of the overall proportions and dimensions of the supporting 

framework and, 

2. The selection of the cross sections of individual members. 

 

Generally, in design of any structure: 

- Several alternative designs should be prepared and their costs compared. 

- To do so requires the structural analysis of the building frames and the computation of 

forces and bending moments in the individual members.  

- For each framing plan investigated, the individual components must be designed.  

- Armed with this information, the structural designer can then select the appropriate 

cross section.  
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- Before any analysis, however, a decision must be made on the primary building 

material to be used; it will usually be reinforced concrete, structural steel, or both. 

Ideally, alternative designs should be prepared with each. 

 

1.2 LOADS 
 

The on forces that act a structure are called loads. They belong to one of two broad categories:  

1. Dead load, and Live load.  

Dead loads are those that are permanent, including  

a. The weight of the structure itself, which is sometimes called the self-weight 

b. Dead loads in a building include the weight of nonstructural components such as floor 

coverings, partitions, and suspended ceilings (with light fixtures, mechanical 

equipment, and plumbing).  

All of the loads mentioned thus far are forces resulting from gravity and are referred to as 

gravity loads. 

 

Live loads, which can also be gravity loads, are those that are not as permanent as dead 

loads. They may or may not be acting on the structure at any given time, and the location 

may not be fixed. Examples of live loads include: 

1. Furniture,  

2. Equipment, and  

3. Occupants of buildings. 

 

Live load may be classified into three main types: 

1. Static Load when a live load is applied slowly and is not removed and reapplied an 

excessive number of times.  

2. Impact load If the load is applied suddenly, as would be the case when the structure 

supports a moving crane, the effects of impact must be accounted for.  

3. Fatigue load If the load is applied and removed many times over the life of the 

structure, fatigue stress becomes a problem, and its effects must be accounted for.  

 

Wind exerts a pressure or suction on the exterior surfaces of a building. Because of the 

relative complexity of determining wind loads, however, wind is usually considered a separate 

category of loading.  
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Lateral loads are most detrimental to tall structures, wind loads are usually not as important 

for low buildings, but uplift on light roof systems can be critical. 

 

Earthquake loads are another special category and need to be considered only in those 

geographic locations where there is a reasonable probability of occurrence. 

Simpler methods are sometimes used in which the effects of the earthquake are simulated by 

a system of horizontal loads, similar to those resulting from wind pressure, acting at each 

floor level of the building. 

 

Snow is another live load that is treated as a separate category. Adding to the uncertainty of 

this load is the complication of drift, which can cause much of the load to accumulate over a 

relatively small area. 

 

Other types of live load are often treated as separate categories, such as hydrostatic 

pressure and soil pressure, but the cases we have enumerated are the ones ordinarily 

encountered in the design of structural steel building frames and their members. 

 

1.3 BUILDING CODES 
 

Buildings must be designed and constructed according to the provisions of a building code. 

Building code is a legal document containing requirements related to such things as 

structural safety, fire safety, plumbing, ventilation, and accessibility to the physically disabled. 

Abuilding code has the force of law and is administered by a governmental entity such as a 

city, a county, or, for some large metropolitan areas, a consolidated government. 

Building codes do not give design procedures, but they do specify the design requirements 

and constraints that must be satisfied. 

 

1.4 DESIGN SPECIFICATIONS 
 

In contrast to building codes, design specifications give more specific guidance for the design 

of structural members and their connections. They present the guidelines and criteria that 

enable a structural engineer to achieve the objectives mandated by a building code.  

Design specifications represent what is considered to be good engineering practice 

based on the latest research. They are periodically revised and updated by the issuance of 

supplements or completely new editions.  
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The specifications of most interest to the structural steel designer are those published by the 

following organizations. 

1. American Institute of Steel Construction (AISC): This specification provides for the 

design of structural steel buildings and their connections.  

2. American Association of State Highway and Transportation Officials (AASHTO): This 

specification covers the design of highway bridges and related structures. It provides 

for all structural materials normally used in bridges, including steel, reinforced 

concrete, and timber. 

3. American Railway Engineering and Maintenance-of-Way Association (AREMA): The 

AREMA Manual for Railway Engineering covers the design of railway bridges and related 

structures. This organization was formerly known as the American Railway Engineering 

Association (AREA). 

4. American Iron and Steel Institute (AISI): This specification deals with cold-formed 

steel. 

 

1.5 STRUCTURAL STEEL 

Steel, an alloy of primarily iron and carbon, with much less carbon than cast iron. 

The characteristics of steel that are of the most interest to structural engineers can be 

examined by plotting the results of a tensile test. If a test specimen is subjected to an axial 

load P, as shown in Figure 1, the stress and strain can be computed as follows: 

𝑓𝑓 =
𝑃𝑃
𝐴𝐴 

 𝑎𝑎𝑎𝑎𝑎𝑎 𝜀𝜀 =
∆𝐿𝐿
𝐿𝐿  

where 

f - axial tensile stress 

A- cross-sectional area 

𝜀𝜀 -axial strain 

L -length of specimen 

∆L- change in length 

 
Figure 1 
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Figure 2 

 

If the load is increased in increments from zero to the point of fracture, and stress and strain 

are computed at each step, a stress–strain curve such as the one shown in Figure 2 can be 

plotted. This curve is typical of a class of steel known as ductile, or mild, steel. The 

proportional limit relationship between stress and strain is linear, the material is said to 

follow Hooke’s law. 

yield point the peak value at the proportional limit. 

plastic range The stress remains constant, even though the strain continues to increase. It 

is also called the yield plateau. 

strain hardening an additional load (and stress) is required to cause additional elongation 

(and strain). A maximum value of stress is reached, after which the specimen begins to “neck 

down” as the stress decreases with increasing strain, and fracture occurs.  

 

1.6 American Standard Cross-Sectional Shapes 
 

In the design process outlined earlier, one of the objectives is the selection of the 

appropriate cross sections for the individual members of the structure being designed. Most 

often, this selection will entail choosing a standard cross-sectional shape that is widely 
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available rather than requiring the fabrication of a shape with unique dimensions and 

properties. 

Cross sections of some of the more commonly used are shown below: 

 

1. W-shape, (a wide-flange shape)  

Consists of two parallel flanges separated by a single web. The orientation of these elements 

is such that the cross section has two axes of symmetry.  

A typical designation would be “W18 × 50”  

Where: 

W: indicates the type of shape,  

18: is the nominal depth parallel to the web, (in)  

50: is the weight in pounds per foot of length; lb/ft. 

 

2. S-shape 

It is similar to the W-shape in having two parallel flanges, a single web, and two axes of 

symmetry. The difference is in the proportions: 

- The flanges of the W are wider in relation to the web than are the flanges of the S.  

- The outside and inside faces of the flanges of the W-shape are parallel, whereas the 

inside faces of the flanges of the S-shape slope with respect to the outside faces.  

An example of the designation of an S-shape is “S18 × 70,” with  

S indicating the type of shape,  

18 The depth in inches  

70 The weight in pounds per foot.  

These shapes are formerly called I-beams. 
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3. Angle shapes  

Angle shapes are available in either equal-leg or unequal-leg versions. A typical designation 

would be “L6 × 6 × 3⁄4” or “L6 × 4 × 5⁄8.” The three numbers are: 

6 The lengths of each of the two legs as measured from the corner, or heel, to the toe at 

the other end of the leg,  

3/4 The thickness, which is the same for both legs.  

In the case of the unequal-leg angle (L6 × 4 × 5⁄8), the longer leg dimension is always given 

first. The weight per foot does not provide. 

 
 

4. Channel, or C-shape, 

Has two flanges and a web, with only one axis of symmetry; it carries a designation such as 

“C9 × 20.” This notation is: 

9 The total depth in inches’ parallel to the web  

20 The weight in pounds per linear foot.  

For the channel, however, the depth is exact rather than nominal. The inside faces of the 

flanges are sloping, just as with the American Standard shape. Miscellaneous Channels—for 

example, the MC10 × 25—are similar to American Standard Channels. 
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5. The Structural Tee  

Produced by splitting an I-shaped member at mid depth. This shape is sometimes referred to 

as a split-tee. The prefix of the designation is either: WT, ST, or MT, depending on which 

shape is the “parent.” For example,  

WT18 × 105 has: 

A nominal depth of 18 inches, a weight of 105 lb/ft, and cut from a W36 × 210.  

Similarly, an ST10 × 33 is cut from an S20 × 66. 

 
 

6. Miscellaneous or M-shape  

The M-shape has two parallel flanges and a web, but it does not fit exactly into either the 

W or S categories. For example, MT5 × 4 is cut from an M10 × 8. 

 

7. HP shape 

It is used for bearing piles, has parallel flange surfaces, approximately the same width and 

depth, and equal flange and web thicknesses.  

HP-shapes are designated in the same manner as the W-shape; for example, HP14 × 117. 

 

8. Bars and plate  

Bar can have circular, square, or rectangular cross sections.  

o If the width of a rectangular shape is ≤ 8 inches, it is classified as a bar. 

o If the width is ˃ 8 inches, the shape is classified as a plate.  

The usual designation abbreviation for both is: 

PL (thickness in inches, the width in inches, and the length in feet and inches) 

For example, PL 3⁄8 × 5 × 3′-2½″.  
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Note: Plates and bars are available in increments of 1⁄16 inch, it is customary to specify 

dimensions to the nearest 1⁄8 inch. 

 

 

 

9. Hollow shapes 

Can be produced either by bending plate material into the desired shape and welding the 

seam or by hot working to produce a seamless shape. The shapes are categorized as: 

o Steel pipe,  

o Round HSS, 

o Square HSS 

o Rectangular HSS.  

The designation HSS is for “Hollow Structural Sections” 

Steel pipe is available as: 

- Standard (Pipe 5 Std.), 

- Extra-strong (Pipe 5 x-strong), or 

- Double-extra-strong (Pipe 5 xx-strong) 

where 5 is the nominal outer diameter in inches.  

For pipes whose thicknesses do not match those in the standard, extra-strong, or double-

extra-strong categories, the designation is the outer diameter and wall thickness in inches, 

expressed to three decimal places; for example, Pipe 5.563 × 0.500. 

 

Round HSS are designated by HSS 8.625 × 0.250 

Where 8.625: outer diameter and 0.25: wall thickness, expressed to three decimal places. 

 

Square and rectangular HSS are designated by HSS 7 × 5 × 3⁄8   

Where  

7 and 5: nominal outside dimensions and  

3/8: wall thickness, expressed in rational numbers. 
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10. Built-up section 

In most cases, one of the above standard shapes satisfy the design requirements. If the 

requirements are especially severe, then a built-up section may be needed. Sometimes a 

standard shape is augmented by additional cross-sectional elements, as when a cover plate is 

welded to one or both flanges of a W-shape. 
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Chapter Two 
1. Concepts in Structural Steel Design 
 

2.1 DESIGN PHILOSOPHIES 

As discussed earlier, the design of a structural member entails the selection of a 

cross section that will safely and economically resist the applied loads. Economy usually 

means minimum weight—that is, the minimum amount of steel. The fundamental 

requirement of structural design is that the required strength not exceed the available 

strength; that is,  

Required strength ≤available strength 

 

2.1.1 Allowable Strength Design (ASD),  

A member is selected that has cross-sectional properties such as area and moment of 

inertia that are large enough to prevent the maximum applied axial force, shear, or bending 

moment from exceeding an allowable, or permissible, value.  

This allowable value is obtained by dividing the nominal, or theoretical, strength by a factor 

of safety. This can be expressed as: 

Required strength ≤ allowable strength 

 

Where: 

𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 𝐬𝐬𝐬𝐬𝐬𝐬𝐀𝐀𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 = 𝐬𝐬𝐀𝐀𝐧𝐧𝐧𝐧𝐬𝐬𝐀𝐀𝐀𝐀 𝐬𝐬𝐬𝐬𝐬𝐬𝐀𝐀𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬  
𝐬𝐬𝐀𝐀𝐬𝐬𝐀𝐀𝐬𝐬𝐬𝐬 𝐬𝐬𝐀𝐀𝐟𝐟𝐬𝐬𝐀𝐀𝐬𝐬

                                        (2.1) 

 

This approach is called Allowable Stress Design. Strength can be an axial force strength 

(as in tension or compression members), a flexural strength (moment strength), or a shear 

strength. 

If stresses are used instead of forces or moments, the relationship of Eq. 2.1 becomes 

Maximum applied stress ≤ allowable stress 

The allowable stress will be in the elastic range of the material. 

This approach to design is also called elastic design or working stress design. Working 

stresses are those resulting from the working loads, which are the applied loads. Working 

loads are also known as service loads. 

 



 
 
 

Page 2 of 6 
 

Steel Design I  
Fourth Class 
Ch.2: Concepts in Structural Steel 
Design 

 

2.1.2 Plastic Design  

Is based on a consideration of failure conditions rather than working load conditions. 

A member is selected by using the criterion that the structure will fail at a load substantially 

higher than the working load. Failure in this context means either collapse or extremely large 

deformations. The term plastic is used because, at failure, parts of the member will be 

subjected to very large strains, large enough to put the member into the plastic range. When 

the entire cross section becomes plastic at enough locations, “plastic hinges” will form at 

those locations, creating a collapse mechanism. As the actual loads will be less than the failure 

loads by a factor of safety known as the load factor, members designed this way are not 

unsafe, despite being designed based on what happens at failure. This design procedure is 

roughly as follows: 

1. Multiply the working loads (service loads) by the load factor to obtain the failure loads. 

2. Determine the cross-sectional properties needed to resist failure under these loads. (A 

member with these properties is said to have sufficient strength and would be at the 

verge of failure when subjected to the factored loads.) 

3. Select the lightest cross-sectional shape that has these properties. 

 

Members designed by plastic theory would reach the point of failure under the factored loads 

but are safe under actual working loads. 

 

2.1.3 Load and Resistance Factor Design (LRFD)  

Similar to plastic design in that strength, or the failure condition, is considered. Load factors 

are applied to the service loads, and a member is selected that will have enough strength to 

resist the factored loads. 

In addition, the theoretical strength of the member is reduced by the application of a 

resistance factor. The criterion that must be satisfied in the selection of a member is: 

Factored load ≤ factored strength 

In this expression,  

The factored load is actually the sum of all service loads to be resisted by the member, each 

multiplied by its own load factor. For example, dead loads will have load factors that are 

different from those for live loads.  

The factored strength is the theoretical strength multiplied by a resistance factor. The 

above equation can be rewritten: 

(Loads × Load factors) ≤ Resistance × Resistance factor)                 (2.2) 
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The factored load is a failure load greater than the total actual service load, so the load factors 

are usually greater than unity. However, the factored strength is a reduced, usable strength, 

and the resistance factor is usually less than unity. The factored loads are the loads that bring 

the structure or member to its limit. In terms of safety, this limit state can be fracture, 

yielding, or buckling, and the factored resistance is the useful strength of the member, 

reduced from the theoretical value by the resistance factor. The limit state can also be one of 

serviceability, such as a maximum acceptable deflection.  

 

2.2 LOAD FACTORS, RESISTANCE FACTORS, AND LOAD COMBINATIONS FOR LRFD 

 

Equation 2.2 can be written as follows: 

𝛾𝛾𝑖𝑖𝑄𝑄𝑖𝑖  ≤  ∅ 𝑅𝑅𝑛𝑛              (2.3) 
where, 

𝑄𝑄𝑖𝑖 - the load effect (a force or a moment) 

𝛾𝛾𝑖𝑖 - the load factor 

𝑅𝑅𝑛𝑛 - the nominal resistance, or strength, of the component under consideration 

∅ - the resistance factor 

The factored resistance ∅ 𝑹𝑹𝒏𝒏 is called the Design Strength 

The summation on the left side of Equation is over the total number of load effects (including, 

but not limited to, dead load and live load), where each load effect can be associated with a 

different load factor 

Equation (2.3) can also be written in the form 

𝑹𝑹𝒖𝒖  ≤  ∅ 𝑹𝑹𝒏𝒏                    (2.4)     
Where, 

𝑅𝑅𝑢𝑢 = required strength = sum of factored load effects (forces or moments). 

 

ASCE 7 (ASCE, 2010) provides load factors and load combinations based on extensive 

statistical studies. ASCE 7 presents the basic load combinations in the following form: 

 

 

 

Combination 1:  1.4D 
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Combination 2:  1.2D + 1.6L + 0.5 (Lr or S or R) 

Combination 3:  1.2D + 1.6 (Lr or S or R) + (L or 0.5W) 

Combination 4:  1.2D + 1.0W + L + 0.5(Lr or S or R) 

Combination 5:  1.2D + 1.0E + L + 0.2S 

Combination 6:  0.9D + 1.0W 

Combination 7:  0.9D + 1.0E 

Where: 

D = dead load 

L = live load due to occupancy 

Lr = roof live load 

S = snow load 

R = rain or ice load 

W = wind load 

E = earthquake (seismic load) 

 

The resistance factor ϕ for each type of resistance is given by AISC in the Specification chapter 

dealing with that resistance, but in most cases, one of two values will be used:  

ϕ = 0.90 for limit sates involving yielding or compression buckling, and 

ϕ = 0.75 for limit states involving rupture (fracture). 

 

2.3 SAFETY FACTORS AND LOAD COMBINATIONS FOR ASD 

 

For allowable strength design, the relationship between loads and strength can be expressed 

as: 

𝑹𝑹𝒂𝒂  ≤  𝑹𝑹𝒏𝒏
𝛀𝛀

               (2.5)     

Where 

Ra =required strength 

Rn =nominal strength (same as for LRFD) 

Ω =safety factor 

Rn/Ω =allowable strength 

 

The required strength Ra is the sum of the service loads or load effects 
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Load combinations for ASD are also given in ASCE 7. These combinations, as presented in the 

AISC Steel Construction Manual (AISC 2011a), are 

Combination 1: D 

Combination 2: D + L 

Combination 3: D + (Lr or S or R) 

Combination 4: D + 0.75L + 0.75(Lr or S or R) 

Combination 5: D ± (0.6W or 0.7E) 

Combination 6a: D + 0.75L + 0.75(0.6W) + 0.75(Lr or S or R) 

Combination 6b: D + 0.75L ± 0.75(0.7E) + 0.75S 

Combinations 7 and 8: 0.6D ± (0.6W or 0.7E) 

 

Corresponding to the two most common values of resistance factors in LRFD are the following 

values of the safety factor Ω in ASD:  

- For limit states involving yielding or compression buckling, Ω=1.67. 

- For limit states involving rupture, Ω= 2.00 

The relationship between resistance factors and safety factors is given by: 

 

𝛺𝛺 =  
1.5
𝜙𝜙

 

 

If both sides of Equation (2.5) are divided by area (in the case of axial load) or section 

modulus (in the case of bending moment), then the relationship becomes: 

 

𝑓𝑓 ≤ 𝐹𝐹 

where 

𝑓𝑓 = applied stress 

𝐹𝐹 = allowable stress 

This formulation is called allowable stress design. 

 

 

 

 

 

 

 



 
 
 

Page 6 of 6 
 

Steel Design I  
Fourth Class 
Ch.2: Concepts in Structural Steel 
Design 

2.4 STEEL CONSTRUCTION MANUAL 

Anyone engaged in structural steel design must have access to AISC’s Steel Construction 

Manual. This publication contains the AISC Specification and numerous design aids in the form 

of tables and graphs, as well as a “catalog” of the most widely available structural shapes. 

The Manual is divided into 17 parts as follows: 

Part 1. Dimensions and Properties.  

Part 2. General Design Considerations.  

Part 3. Design of Flexural Members.  

Part 4. Design of Compression Members. 

Part 5. Design of Tension Members. 

Part 6. Design of Members Subject to Combined Loading.  

Part 7. Design Considerations for Bolts. 

Part 8. Design Considerations for Welds. 

Part 9. Design of Connecting Elements. 

Part 10. Design of Simple Shear Connections. 

Part 11. Design of Partially Restrained Moment Connections. 

Part 12. Design of Fully Restrained (FR) Moment Connections. 

Part 13. Design of Bracing Connections and Truss Connections. 

Part 14. Design of Beam Bearing Plates, Column Base Plates, Anchor Rods, 

and Column Splices. 

Part 15. Design of Hanger Connections, Bracket Plates, and Crane–Rail 

Connections. 

Part 16. Specifications and Codes.  

Part 17. Miscellaneous Data and Mathematical Information. 
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Chapter 3 

 
Tension Members 

3.1 INTRODUCTION 
Tension members are structural elements that are subjected to axial tensile forces. They are used 

in various types of structures and include truss members, bracing for buildings and bridges, cables 

in suspended roof systems, and cables in suspension and cable-stayed bridges. 

Note: Any cross-sectional configuration may be used, because for any given material, the only 

determinant of the strength of a tension member is the cross-sectional area. 

Circular rods and rolled angle shapes are frequently used: 

 

 

Built-up shapes, either from plates, rolled shapes, or a combination of plates and rolled 

shapes, are sometimes used when large loads must be resisted. 

 
                                                     Probably                                        double-angle section 
 

The stress in an axially loaded tension member is given by: 

                                   𝑓𝑓 =  𝑃𝑃
𝐴𝐴
     (3.1) 

where  

𝑷𝑷 is the magnitude of the load  

A is the cross-sectional area (the area normal to the load).  
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Note: 

1. The stress given by ep. 3.1 is exact providing that the cross section is not adjacent to the 

point of load where the stress is not uniform. 

2. If the cross sectional area of a tension member is varied along the length, the stress is a 

function of the section under consideration. 

3. The presence of holes in a member will influence the stress at a cross section through the 

hole or holes. 

Tension members are frequently connected at their ends with bolts, as illustrated in 

Figure 3.1. The tension member shown, a plate is connected to a gusset plate )لوح تقویة( , which 

is a connection element whose purpose is to transfer the load from the member to a support 

or to another member. Hence, The area of the bar at section a–a is (1⁄2)*(8)=4 in.2, but 

the area at section b–b is only  4 – (2)(1⁄2)(7⁄8) = 3.13 in.2 

 
Figure 3.1 

 

This reduced area (3.13 in.2) will be more highly stressed and is referred to as the net area, or net 

section, and the unreduced area (4 in.2) is the gross area. 

 

 
3.2 TENSILE STRENGTH 
A tension member can fail by reaching one of two limit states: 

• Excessive deformation or  

• Fracture.  

To prevent excessive deformation, initiated by yielding, the load on the gross section must be 

small enough to ensure that the stress on the gross section is less than the yield stress 𝐹𝐹𝑦𝑦. 
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To prevent fracture, the stress on the net section must be less than the tensile strength 𝐹𝐹𝑢𝑢. In 

each case, the stress P/A must be less than a limiting stress F or 

𝑃𝑃
𝐴𝐴

< 𝐹𝐹 

Thus, the load P must be less than FA, or 𝑃𝑃 < 𝐹𝐹𝐴𝐴 
The nominal strength in yielding is; 

𝑃𝑃𝑛𝑛 = 𝐹𝐹𝑦𝑦𝐴𝐴𝑔𝑔 

and the nominal strength in fracture is;  

𝑃𝑃𝑛𝑛 = 𝐹𝐹𝑢𝑢𝐴𝐴𝑒𝑒 

 

Where: 

𝐴𝐴𝑒𝑒 is the effective net area, which may be equal to either the net area or, in some cases, a 

smaller area. We discuss effective net area later. 

 

LRFD: In load and resistance factor design, the factored tensile load is compared to the design 

strength. The design strength is the resistance factor times the nominal strength Eq. (2.4).  

𝑅𝑅𝑢𝑢 =  ∅𝑅𝑅𝑛𝑛 
can be written for tension members as 

𝑃𝑃𝑢𝑢 ≤  ∅𝑡𝑡𝑃𝑃𝑛𝑛 
 

where 𝑃𝑃𝑢𝑢 is the governing combination of factored loads.  

The resistance factor ∅𝑡𝑡 is smaller for fracture than for yielding, reflecting the more serious nature 

of fracture. 

For yielding, ∅𝑡𝑡 = 0.9 

For fracture, ∅𝑡𝑡 = 0.75 

Because there are two limit states, both of the following conditions must be satisfied: 

𝑃𝑃𝑢𝑢 ≤  0.9 𝐹𝐹𝑦𝑦 𝐴𝐴𝑔𝑔 

𝑃𝑃𝑢𝑢 ≤  0.75 𝐹𝐹𝑢𝑢 𝐴𝐴𝑒𝑒 

 
The smaller of these is the design strength of the member. 

 

ASD: In allowable strength design, the total service load is compared to the allowable load: 
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𝑃𝑃𝑎𝑎 =  
𝑃𝑃𝑛𝑛

Ω𝑡𝑡
 

Where 

𝑃𝑃𝑎𝑎 is the required strength (applied load) and 
𝑃𝑃𝑛𝑛
Ω𝑡𝑡

 is the allowable strength. 

The subscript “a” indicates that the required strength is for “allowable strength design,” but 

you can think of it as standing for “applied” load. 

For yielding of the gross section, the safety factor Ω𝑡𝑡 = 1.67, and the allowable load is: 

𝑃𝑃𝑛𝑛

Ω𝑡𝑡
=  

𝐹𝐹𝑦𝑦 𝐴𝐴𝑔𝑔

1.67
= 0.6𝐹𝐹𝑦𝑦 𝐴𝐴𝑔𝑔 

 

 (The factor 0.6 appears to be a rounded value, but recall that 1.67 is a rounded value. If Ω𝑡𝑡 =  5
3
 is 

used, the allowable load is exactly 0.6𝐹𝐹𝑦𝑦 𝐴𝐴𝑔𝑔) 

For fracture of the net section, the safety factor is 2.00 and the allowable load is 

𝑃𝑃𝑎𝑎 =
𝑃𝑃𝑛𝑛

Ω𝑡𝑡
=  

𝐹𝐹𝑢𝑢 𝐴𝐴𝑒𝑒

2
= 0.5𝐹𝐹𝑢𝑢 𝐴𝐴𝑒𝑒 

 

Alternatively, the service load stress can be compared to the allowable stress. This can be expressed 

as: 

𝑓𝑓𝑡𝑡 ≤ 𝐹𝐹𝑡𝑡 

where 

𝑓𝑓𝑡𝑡  is the applied stress and 𝐹𝐹𝑡𝑡 is the allowable stress 

 

For yielding of the gross section, 

 

𝑓𝑓𝑡𝑡 = 𝑃𝑃𝑎𝑎
𝐴𝐴𝑔𝑔

  and  𝐹𝐹𝑡𝑡 = 𝑃𝑃𝑛𝑛/Ω𝑡𝑡
𝐴𝐴𝑔𝑔

= 0.6 𝐹𝐹𝑦𝑦𝐴𝐴𝑔𝑔

𝐴𝐴𝑔𝑔
= 0.6𝐹𝐹𝑦𝑦 

 

 

For fracture of the net section, 

𝑓𝑓𝑡𝑡 = 𝑃𝑃𝑎𝑎
𝐴𝐴𝑒𝑒

  and  𝐹𝐹𝑡𝑡 = 𝑃𝑃𝑛𝑛/Ω𝑡𝑡
𝐴𝐴𝑒𝑒

= 0.5 𝐹𝐹𝑢𝑢𝐴𝐴𝑒𝑒
𝐴𝐴𝑒𝑒

= 0.5𝐹𝐹𝑢𝑢 

 

 



 
 
 

Page 5 of 43 
 

Steel Design I 
Fourth Class 
Ch.3: Tension Members 

You can find values of 𝐹𝐹𝑦𝑦 and 𝐹𝐹𝑢𝑢 for various structural steels in Table 2-3 in the Manual.  
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All of the steels that are available for various hot-rolled shapes are indicated by shaded areas. 

The black areas correspond to preferred materials, and The gray areas represent other 

steels that are available.  

Under the W heading, we see that A992 is the preferred material for W shapes, but other materials 

are available, usually at a higher cost.  

For some steels, there is more than one grade, with each grade having different values of 𝐹𝐹𝑦𝑦 and 𝐹𝐹𝑢𝑢. 

In these cases, the grade must be specified along with the ASTM designation—for example, A572 

Grade 50. For A242 steel, 𝐹𝐹𝑦𝑦 and 𝐹𝐹𝑢𝑢 depend on the thickness of the flange of the cross-sectional 

shape. This relationship is given in footnotes in the table.  

For example, to determine the properties of a W33 ×221 of ASTM A242 steel, first refer to 

the dimensions and properties table in Part 1 of the Manual and determine that the flange thickness 

𝑡𝑡𝑓𝑓 is equal to 1.28 inches. This matches the thickness range indicated in footnote1; therefore, 𝐹𝐹𝑦𝑦 =

50 𝑘𝑘𝑘𝑘𝑘𝑘 and 𝐹𝐹𝐹𝐹 =  70 𝑘𝑘𝑘𝑘𝑘𝑘.  

Values of 𝐹𝐹𝑦𝑦 and 𝐹𝐹𝑢𝑢 for plates and bars are given in the Manual Table 2-4, and information on 

structural fasteners, including bolts and rods, can be found in Table 2-5. 

AISC Specification requires (to calculate the exact amount of area to be deducted المستقطعة from 

the gross area to account for the presence of bolt holes) the addition of 1⁄16 inch to the actual hole 

diameter.  

This amounts to using an effective hole diameter 1⁄8 inch larger than the fastener diameter.  

This means; 

 hole diameter = actual hole diameter + 1/16  

hole diameter = actual bolt diameter + 1/8  

 

You can find details related to standard, oversized, and slotted holes in AISC J3.2, “Size and Use of 

Holes” (in Chapter J, “Design of Connections”) 
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3.3 Effective Area 
 

A connection almost always weakens the member, and the measure of its influence is called the joint 

efficiency. This factor is a function of: 

• The ductility of the material,  

• Fastener spacing,  

• Stress concentrations at holes, 

• Fabrication procedure, and 

• A phenomenon known as shear lag.  

 

All contribute to reducing the effectiveness of the member, but shear lag is the most important. 

Shear lag occurs when some elements of the cross section are not connected, as when only one leg 

of an angle is bolted to a gusset plate, as shown in Figure. 

 
The consequence of this partial connection is that the connected element becomes overloaded 

and the unconnected part is not fully stressed. Lengthening the connected region will reduce this 

effect. 

Research suggests that shear lag can be considered by using a reduced, or effective, net 

area. 

Because shear lag affects both bolted and welded connections, the effective net area concept 

applies to both types of connections. 

For bolted connections, the effective net area is 

𝐴𝐴𝑒𝑒 =  𝐴𝐴𝑛𝑛𝑈𝑈                                                  (AISC Equation D3-1) 

 

For welded connections, we refer to this reduced area as the effective area (rather than the effective 

net area), and it is given by 

 

  𝐴𝐴𝑒𝑒 =  𝐴𝐴𝑔𝑔𝑈𝑈 
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where the reduction factor 𝑈𝑈 is given in AISC D3, Table D3.1 
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The table above gives a general equation that will cover most situations as well as alternative 

numerical values for specific cases.  

 

1. For any type of tension member except plates and round HSS with ℓ ≥ 1.3D 

𝑈𝑈 = 1 −  𝒳𝒳−

ℓ      (3.1) 

where 
𝒳𝒳− = distance from centroid of connected area to the plane of the connection as shown in figure 
below. 
 

 

ℓ = length of the connection as shown in figure below. 
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2. Plates  

In general, U = 1.0 for plates, since the cross section has only one element and it is connected. 

There is one exception for welded plates, however. If the member is connected with longitudinal 

welds on each side with no transverse weld (as in Figure 3.9), the following values apply: 

_ For ℓ ≥  2𝑤𝑤 𝑈𝑈 =  1.0 

_ For 1.5𝑤𝑤 ≤  ℓ <  2𝑤𝑤, 𝑈𝑈 =  0.87 

_ For 𝑤𝑤 ≤  ℓ <  1.5𝑤𝑤, 𝑈𝑈 =  0.75 
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3.4 STAGGERED FASTENERS 
 

If a tension member connection is made with bolts, the net area will be maximized if the fasteners 

are placed in a single line. Sometimes space limitations, such as a limit on dimension a in Figure, 

necessitate using more than one line. If so, the reduction in cross-sectional area is minimized if the 

fasteners are arranged in a staggered pattern, as shown 

 
 

Cochrane (1922) proposed that when deducting the area corresponding to a staggered hole, use a 

reduced diameter, given by: 

𝒅𝒅/ = 𝒅𝒅 −  𝑺𝑺𝟐𝟐

𝟒𝟒𝟒𝟒
                                      (3.2) 

where  

d is the hole diameter, 

s is the stagger, or pitch, of the bolts (spacing in the direction of the load), and 

g is the gage (transverse spacing). 
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If the net area is treated as the product of a thickness times a net width, and the diameter from 

Equation is used for all holes (since d′ = d when the stagger s = 0), the net width in a failure line 

consisting of both staggered and unstaggered holes is: 

 

wn = wg – ∑ d′ 

                   = wg – ∑ (d – S2/4g) 

                    = wg – ∑ d +∑ S2/4g 
 

Where; 

wn is the net width and 

wg is the gross width. 

∑d is the sum of all hole diameters, and 

∑ S2/4g is the sum of S2/4g for all inclined lines in the failure pattern. 
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3.5 BLOCK SHEAR 
For certain connection configurations, a segment or “block” of material at the end of the member 

can tear out. For example, the connection of the single-angle tension member shown in Figure 3.21 

is susceptible to this phenomenon, called block shear. 

 



 
 
 

Page 30 of 43 
 

Steel Design I 
Fourth Class 
Ch.3: Tension Members 

 

 



 
 
 

Page 31 of 43 
 

Steel Design I 
Fourth Class 
Ch.3: Tension Members 

 

 
 



 
 
 

Page 32 of 43 
 

Steel Design I 
Fourth Class 
Ch.3: Tension Members 

 

3.6 DESIGN OF TENSION MEMBERS 

The design of a tension member involves: 

1. finding a member with adequate gross and net areas. If the member has a bolted connection, 

the selection of a suitable cross section requires an accounting for the area lost because of 

holes.  

2. A secondary consideration in the design of tension members is slenderness. If a structural 

member has a small cross section in relation to its length, it is said to be slender. For this 

reason, the user note in AISC D1 suggests a maximum slenderness ratio of 300. 
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Prob. 3.13 A C8 × 11.5 is connected to a gusset plate with 7⁄8-inch-diameter bolts as shown in 

Figure P3.2-7. The steel is A572 Grade 50. If the member is subjected to dead load and live load 

only, what is the total service load capacity if the live-to-dead load ratio is 3? Assume that Ae = 

0.85An. Use 𝑓𝑓𝑦𝑦 = 50 𝑝𝑝𝑘𝑘𝑘𝑘 and 𝑓𝑓𝐹𝐹 = 65 𝑝𝑝𝑘𝑘𝑘𝑘 Use LRFD. 

 

𝐴𝐴𝑔𝑔 =  3.37 𝑘𝑘𝑖𝑖2, Effective hole diameter=  

𝐴𝐴𝑖𝑖 =  3.37−                                   = 2.93 𝑘𝑘𝑖𝑖2 

𝐴𝐴𝑒𝑒 =                                                 = 2.491 𝑘𝑘𝑖𝑖2 

Gross: 𝑃𝑃𝐹𝐹 =                                                 = 151.7 𝑘𝑘𝑘𝑘𝑝𝑝𝑘𝑘 

Net:    𝑃𝑃𝐹𝐹 =                                                 = 121.4 𝑘𝑘𝑘𝑘𝑝𝑝𝑘𝑘 

𝑃𝑃𝐹𝐹 =  1.2 𝐷𝐷𝐷𝐷 + 1.6 𝐷𝐷𝐷𝐷 = 121.4 𝑘𝑘𝑘𝑘𝑝𝑝𝑘𝑘 

𝐷𝐷𝐷𝐷 = 20.23 𝑘𝑘𝑘𝑘𝑝𝑝𝑘𝑘 

𝑃𝑃 = 𝐷𝐷𝐷𝐷 + 𝐷𝐷𝐷𝐷 =                                                      = 80.9 𝑘𝑘𝑘𝑘𝑝𝑝𝑘𝑘 
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Effective Length 
Both the Euler and tangent modulus equations are based on the following assumptions: 

1. The column is perfectly straight, with no initial crookedness. 

2. The load is axial, with no eccentricity. 

3. The column is pinned at both ends. 

The first two conditions mean that there is no bending moment in the member before buckling. As 

mentioned previously, some accidental moment will be present, but in most cases it can be ignored. 

Other end conditions can be accounted for in the derivation of Euler Equation. 

The Euler equation for case of column pinned at one end and fixed against rotation and translation at 

the other, derived in the same manner as Euler Equation, is 

𝑷𝑷𝒄𝒄𝒄𝒄 =
𝟐𝟐.𝟎𝟎𝟎𝟎 𝝅𝝅𝟐𝟐𝑬𝑬𝑬𝑬

𝑳𝑳𝟐𝟐
 

or 

𝑷𝑷𝒄𝒄𝒄𝒄 =
𝟐𝟐.𝟎𝟎𝟎𝟎 𝝅𝝅𝟐𝟐𝑬𝑬𝑬𝑬

(𝑳𝑳/𝒄𝒄)𝟐𝟐
=

 𝝅𝝅𝟐𝟐𝑬𝑬𝑬𝑬
(𝟎𝟎.𝟕𝟕𝟎𝟎𝑳𝑳/𝒄𝒄)𝟐𝟐

 

 
Thus this compression member has the same load capacity as a column that is pinned at both ends 

and is only 70% as long as the given column. Similar expressions can be found for columns with other 

end conditions. 

For convenience, the equations for critical buckling load will be written as: 

𝑷𝑷𝒄𝒄𝒄𝒄 =  𝝅𝝅𝟐𝟐𝑬𝑬𝑬𝑬
(𝑲𝑲𝑳𝑳/𝒄𝒄)𝟐𝟐

         or       𝑷𝑷𝒄𝒄𝒄𝒄 =  𝝅𝝅𝟐𝟐𝑬𝑬𝒕𝒕𝑬𝑬
(𝑲𝑲𝑳𝑳/𝒄𝒄)𝟐𝟐
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where KL is the effective length, and K is the effective length factor 

Values of K for these and other cases can be determined with the aid of Table C-A-7.1 in the 

Commentary to AISC Specification Appendix 7. 

 

4.3 AISC REQUIREMENTS 
 
The basic requirements for compression members are covered in Chapter E of the AISC Specification. 

The nominal compressive strength is: 

 

Pn = FcrAg                            (AISC Equation E3-1) 

For LRFD, 

Pu ≤ ϕc Pn 

where 

Pu = sum of the factored loads 

ϕc = resistance factor for compression = 0.90 

ϕc Pn = design compressive strength 

 

For ASD, 

Pa ≤ Pn /Ωc 

where 

Pa = sum of the service loads 

Ωc = safety factor for compression = 1.67 

Pn / Ωc = allowable compressive strength 

 

If an allowable stress formulation is used, 

fa ≤ Fa 

where 

fa = computed axial compressive stress = Pa / Ag 
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Fa = allowable axial compressive stress = Fcr /Ωc = Fcr / 1.67 = 0.6 Fcr 

 

In order to present the AISC expressions for the critical stress Fcr, we first define the Euler load as: 

𝑷𝑷𝒆𝒆 =
 𝝅𝝅𝟐𝟐𝑬𝑬𝑬𝑬

(𝑲𝑲𝑳𝑳/𝒄𝒄)𝟐𝟐
 

This is the critical buckling load according to the Euler equation. The Euler stress is: 

𝑭𝑭𝒆𝒆 =
𝑷𝑷𝒆𝒆
𝑬𝑬

=
 𝝅𝝅𝟐𝟐𝑬𝑬

(𝑲𝑲𝑳𝑳/𝒄𝒄)𝟐𝟐
 

 

To obtain the critical stress for elastic columns, the Euler stress is reduced as follows to account 

for the effects of initial crookedness: 

Fcr = 0.877 Fe 

 

For inelastic columns, the tangent modulus equation, Equation 4.6b, is replaced by the exponential 

equation 

𝑭𝑭𝒄𝒄𝒄𝒄 = �𝟎𝟎.𝟔𝟔𝟎𝟎𝟔𝟔
𝑭𝑭𝒚𝒚
𝑭𝑭𝒆𝒆�𝑭𝑭𝒚𝒚 

 

With above Equation, a direct solution for inelastic columns can be obtained, avoiding the trial-and-error 

approach inherent in the use of the tangent modulus equation. At the boundary between inelastic and 

elastic columns, the above two Equations give the same value of Fcr. This occurs when KL/r is 

approximately 

𝟒𝟒.𝟕𝟕𝟕𝟕�
𝑬𝑬
𝑭𝑭𝒚𝒚

 

Summary: 

When 𝑲𝑲𝑳𝑳
𝒄𝒄
≤ 𝟒𝟒.𝟕𝟕𝟕𝟕�

𝑬𝑬
𝑭𝑭𝒚𝒚

,   𝑭𝑭𝒄𝒄𝒄𝒄 = �𝟎𝟎.𝟔𝟔𝟎𝟎𝟔𝟔𝑭𝑭𝒚𝒚/𝑭𝑭𝒆𝒆�𝑭𝑭𝒚𝒚 

      When 𝑲𝑲𝑳𝑳
𝒄𝒄

> 𝟒𝟒.𝟕𝟕𝟕𝟕�
𝑬𝑬
𝑭𝑭𝒚𝒚

,   𝑭𝑭𝒄𝒄𝒄𝒄 = (𝟎𝟎.𝟔𝟔𝟕𝟕𝟕𝟕)𝑭𝑭𝒆𝒆 
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General Procedure for Analysis of Compression Members 
1. Calculate the value of effective length KL (after specifying effective length factor K) 

2. Calculate or select the minimum value of radius of gyration r 

3. Calculate slenderness ratio (or choose larger value of slenderness ratios) KL/r. 

4. Calculate the value of   

𝟒𝟒.𝟕𝟕𝟕𝟕�
𝑬𝑬
𝑭𝑭𝒚𝒚

 

5. Compare the value of 4.71 E/Fy with KL/r 

 

(a)  If  𝑲𝑲𝑳𝑳
𝒄𝒄
≤ 𝟒𝟒.𝟕𝟕𝟕𝟕�

𝑬𝑬
𝑭𝑭𝒚𝒚

,   then critical stress will be:  𝑭𝑭𝒄𝒄𝒄𝒄 = �𝟎𝟎.𝟔𝟔𝟎𝟎𝟔𝟔𝑭𝑭𝒚𝒚/𝑭𝑭𝒆𝒆�𝑭𝑭𝒚𝒚 

(b)     If  𝑲𝑲𝑳𝑳
𝒄𝒄

> 𝟒𝟒.𝟕𝟕𝟕𝟕�
𝑬𝑬
𝑭𝑭𝒚𝒚

, the critical stress will be:  𝑭𝑭𝒄𝒄𝒄𝒄 = (𝟎𝟎.𝟔𝟔𝟕𝟕𝟕𝟕)𝑭𝑭𝒆𝒆 

               Note that: 𝑭𝑭𝒆𝒆 =  𝝅𝝅𝟐𝟐𝑬𝑬
(𝑲𝑲𝑳𝑳/𝒄𝒄)𝟐𝟐

 

6. Calculate the nominal axial force by: 

Pn = Fcr × Ag 

7. The design strength according to the LRFD will be  

Pn = ϕc Pn =0.9 Pn = 0.9(Fcr × Ag) 

8. The design strength according to the ASD will be  

Pn = Pn / Ωc =  Pn / 1.67 = 0.6 Pn = 0.6 (Fcr × Ag) 
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4.4 LOCAL STABILITY 
 
The strength corresponding to any overall buckling mode, however, such as flexural buckling, cannot be 

developed if the elements of the cross section are so thin that local buckling occurs. The measure of this 

susceptibility is the width-to-thickness ratio of each cross-sectional element.  

Limiting values of width-to-thickness ratios are given in AISC B4.1, “Classification of Sections 

for Local Buckling.” For compression members, shapes are classified as slender or non-slender.  

If a shape is slender, its strength limit state is local buckling, and the corresponding reduced 

strength must be computed. The width-to-thickness ratio is given the generic symbol λ.  

AISC Table B4.1a shows the upper limit, λr, for nonslender members of various cross-sectional 

shapes.  

1. If λ ≤ λr, the shape is nonslender.  

2. Otherwise, the shape is slender.  

 

Using AISC notation gives: 

=
𝒃𝒃
𝒕𝒕

=
𝒃𝒃𝒇𝒇/𝟐𝟐
𝒕𝒕𝒇𝒇

=
𝒃𝒃𝒇𝒇
𝟐𝟐𝒕𝒕𝒇𝒇

 

 

where bf and tf are the width and thickness of the flange. The upper limit is: 

= 0.56�
𝐸𝐸
𝐹𝐹𝑦𝑦

 

The webs of I shapes are stiffened elements, and the stiffened width is the distance between the roots of 

the flanges. The width-to-thickness parameter is: 

= h/tw 

where h is the distance between the roots of the flanges, and tw is the web thickness. The upper limit is 

= 1.49�
𝐸𝐸
𝐹𝐹𝑦𝑦
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Stiffened and unstiffened elements of various cross-sectional shapes are illustrated in the Figure below. 

The appropriate compression member limit, λr, from AISC B4.1 is given for each case. 
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4.5 TABLES FOR COMPRESSION MEMBERS 
 

The Manual contains many useful tables for analysis and design. For compression members whose 

strength is governed by flexural buckling (that is, not local bucking), Table 4-22 in Part 4 of the Manual, 

“Design of Compression Members,” can be used. This table gives values of ϕcFcr (for LRFD) and Fcr/Ωc 

(for ASD) as a function of KL/r for various values of Fy. This table stops at the recommended upper limit 

of KL/r = 200.  

 

Procedure for using Table 4-22 

1. Calculate KL/r for the column 

2. Enter table by KL/r and Fy values 
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3. Select Critical Stress Fcr from intersecting KL/r with Fy under the method required (ASD or 

LRFD) 

4. The design strength will be: Pn = Fcr × Ag 

 

The available strength tables, however, are the most useful. These tables, which we will refer to as 

the “column load tables,” give the available strengths of selected shapes, both ϕcPn for LRFD and Pn/Ωc 

for ASD, as a function of the effective length KL. These tables include values of KL up to those 

corresponding to KL/r = 200. 

 

Procedure for using column load tables 

1. Calculate the effective length value (KL) 

2. Enter tables by: KL, Fy and Section type then select the available axial load under the method 

required (ASD or LRFD). 
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4.6 DESIGN OF COMPRESSION MEMBERS 

The selection of an economical rolled shape to resist a given compressive load is simple with the 

aid of the column load tables. Enter the table with the effective length and move horizontally until you 

find the desired available strength (or something slightly larger). In some cases, you must continue the 

search to be certain that you have found the lightest shape. Usually the category of shape (W, WT, etc.) 

will have been decided upon in advance. Often the overall nominal dimensions will also be known because 

of architectural or other requirements. As pointed out earlier, all tabulated values correspond to a 

slenderness ratio of 200 or less.  

 

Design by Column Load Table 
1. Calculate the compression service load or compression factored load. 

2. Calculate the effective length (KL) value 

3. Enter "column table" by compression load and KL and select the section 

Notes:  

1. If the section was specified (such as W10, W12… etc) then you can choose the section directly. 

2. If section not specified (such as W ) the select many section provides the applied load capacity and 

then choose the lighter one. 
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4.7 MORE ON EFFECTIVE LENGTH 

 

We introduced the concept of effective length in Section 4.2, “Column Theory.” All compression 

members are treated as pin-ended regardless of the actual end conditions but with an effective length KL 

that may differ from the actual length. With this modification, the load capacity of compression members 

is a function of only the slenderness ratio and modulus of elasticity. For a given material, the load capacity 

is a function of the slenderness ratio only. 

If a compression member is supported differently with respect to each of its principal axes, the 

effective length will be different for the two directions. In Figure below, a W-shape is used as a column 

and is braced by horizontal members in two perpendicular directions at the top. These members prevent 

translation of the column in all directions, but the connections, the details of which are not shown, permit 

small rotations to take place. Under these conditions, the member can be treated as pin-connected at the 

top. 

 
 

Again, the connection prevents translation, but no restraint against rotation is furnished. This brace 

prevents translation perpendicular to the weak axis of the cross section but provides no restraint 

perpendicular to the strong axis. As shown schematically in Figure above, if the member were to buckle 

about the major axis, the effective length would be 26 feet, whereas buckling about the minor axis would 

have to be in the second buckling mode, corresponding to an effective length of 13 feet. 

Because its strength decreases with increasing KL/r, a column will buckle in the direction corresponding 

to the largest slenderness ratio, so KxL/rx must be compared with KyL/ry. In Figure above, the ratio  
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26(12)/rx must be compared with 13(12)/ry (where rx and ry are in inches), and the larger ratio would be 

used for the determination of the axial compressive strength. 
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The available strengths given in the column load tables are based on the effective length with respect to 
the y-axis. A procedure for using the tables with Kx L, however, can be developed by examining how the 
tabular values were obtained. 
Starting with a value of KL, the strength was obtained by a procedure similar to the following: 
 

• KL was divided by ry to obtain KL/ry. 
• Fcr was computed. 
• The available strengths, øcPn for LRFD and Pn/Ωc for ASD, were computed. 

Thus the tabulated strengths are based on the values of KL being equal to KyL. If the capacity with respect 
to x-axis buckling is desired, the table can be entered with  
 
 𝑲𝑲𝑳𝑳 = 𝑲𝑲𝒙𝒙𝑳𝑳

𝒄𝒄𝒙𝒙/𝒄𝒄𝒚𝒚
 

 
and the tabulated load will be based on  
 

 𝑲𝑲𝑳𝑳
𝒄𝒄𝒚𝒚

=
𝑲𝑲𝒙𝒙𝑳𝑳/(𝒄𝒄𝒙𝒙𝒄𝒄𝒚𝒚

)

𝒄𝒄𝒚𝒚
= 𝑲𝑲𝒙𝒙𝑳𝑳

𝒄𝒄𝒙𝒙
 

 
The ratio rx/ry is given in the column load tables for each shape listed. 
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4.9 BUILT-UP MEMBERS 

If the cross-sectional properties of a built-up compression member are known, its analysis is the same as 

for any other compression member, provided the component parts of the cross section are properly 

connected. AISC E6 contains many details related to this connection, with separate requirements for 

members composed of two or more rolled shapes and for members composed of plates or a combination 

of plates and shapes. Before considering the connection problem, we will review the computation of cross-

sectional properties of built-up shapes. 

The design strength of a built-up compression member is a function of the slenderness ratio KL/r. 

Hence the principal axes and the corresponding radii of gyration about these axes must be determined. For 

homogeneous cross sections, the principal axes coincide with the centroidal axes. The procedure is 

illustrated in Example 4.17. The components of the cross section are assumed to be properly connected. 
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