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➢ The design of a structural member entails the selection of a cross section that will 

safely and economically resist the applied loads. 

Required strength ≤ available strength 

Allowable Stress 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. 

Allowable strength = (nominal (Theoretical) strength / safety factor) 

Maximum applied stress ≤ allowable stress (If stresses are used instead of forces or 

moments). 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. 

Plastic design is based on a consideration of failure conditions rather than working load 

conditions. Members designed by plastic theory would reach the point of failure under the 

factored loads but are safe under actual working loads. 

 

The required strength Ra is the sum of the service loads or load effects. Specific 

combinations of loads must be considered. Load combinations for ASD are given in ASCE 7. 

These combinations: 

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) 
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Load and resistance factor design (LRFD) is 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 

Loads x load factors ≤ resistance x resistance factor 

- In terms of safety, this limit state can be fracture, yielding, or buckling. 

 

 

 

 

- ASCE 7 presents the basic load combinations in the following form: 

Combination 1: 1.4D 

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 
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To conclude: 

 

Allowable Stress Design ASD 

- the total service load is compared to the allowable strength 

The Tension Force P = PL + PD 

Actual stress ƒ = 
𝑃

𝐴𝑔
     Ag = gross sectional area (in2)     ƒ = Tensile Stress (ksi) 

Allowable tension stress:  

  

1- Yielding in Gross area (in solid 

section)  

Ft ≤ 
𝐹𝑦

𝛺
  

Here Ω = 1.67  

           Ft = 0.6Fy 

2 – Fracture in Net area (in not solid 

section) 

Ft ≤ 
𝐹𝑢

𝛺
  

Here Ω = 2  

           Ft = 0.5Fu 

Ω = strength factor  

 

Load and resistance factor design (LRFD) 

- The factored tensile load is compared to the design strength 

HERE The ULTIMATE Tension Force PU = 1.6PL + 1.2PD (or other loads comb)  

Actual stress ƒ = 
𝑃

𝐴𝑔
     Ag = gross sectional area (in2)     ƒ = Tensile Stress (ksi) 

Design strength:  

  

2- Yielding in gross area (in solid section)  

Pu ≤ ØFyAg 

Here Ø = 0.9          

2 – Fracture in net area (in not solid section) 

Pu ≤ ØFuAe  

Here Ø = 0.75  

            

Ø = resistance Factor  
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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. This part contains details on standard hot-rolled shapes, 

pipe, and hollow structural sections, including all necessary cross-sectional dimensions and 

properties such as area and moment of inertia. 

Part 2. General Design Considerations. This part includes a brief overview of various 

specifications (including a detailed discussion of the AISC Specification), codes and 

standards, some fundamental design and fabrication principles, and a discussion of the proper 

selection of materials. 

Part 3. Design of Flexural Members. This part contains a discussion of Specification 

requirements and design aids for beams, including composite beams (in which a steel shape 

acts in combination with a reinforced concrete floor or roof slab) and plate girders.  

Part 4. Design of Compression Members. Part 4 includes a discussion of the Specification 

requirements for compression members and numerous design aids. 

Part 5. Design of Tension Members. This part includes design aids for tension members and a 

summary of the Specification requirements for tension members. 

Part 6. Design of Members Subject to Combined Loading. Part 6 covers members subject to 

combined axial tension and flexure, combined axial compression and flexure, and combined 

torsion, flexure, shear, and/or axial force. 
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THE END. .. 


