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Advantages of Steel as a Structural 
Material 

 

1. High Strength: 

• The weight of structure that is made of steel will be 
small. 
 

2. Uniformity: 

• Properties of steel do not change as oppose to 
concrete. 

• Homogenous Material. 

• Isotropic Material (E, G, v) 
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Advantages of Steel as a Structural 
Material 

 

3. Elasticity: 

• Steel follows Hooke’s law up to fairly high stresses. 

• Moment of Inertia (I) can be accurately calculated. 
 

4. Ductility: 

• Steel can withstand extensive deformation without 
failure under high tensile stresses, i.e. it gives 
warnings before failure takes place. 
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Advantages of Steel as a Structural 
Material 

4. Ductility: 

• Measure of Ductility: 

 

 

 

 

• Or :               a = A0 – Af / A0 x 100 

         where 

                    a = Reduction of Area (expressed as a percent) 

                   A0 = Original Area 

                   Af = Area of specimen at fracture 
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Advantages of Steel as a Structural 
Material 

5. Permanence: 

• Steel frames that are properly maintained will last 
indefinitely. 
 

6. Toughness: 

• The ability of material to absorb energy in large 
amounts. 
 

7. Additions to existing structures: 
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Disadvantages of Steel as a Structural 
Material 

1. Maintenance costs: 

• Steel structures  are susceptible to corrosion. It must 
be painted periodically. 
 

2. Fire proofing costs: 

• The strength of the steel is reduced at high 
temperatures due to fires. 
 

3. Susceptibility to Buckling. 
 

4. Susceptibility to fatigue under repeated load. 
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Types of Steel 

 

• Steel is composed almost entirely of iron, but contains 
small amounts of other elements such as Carbon, 
Manganese, Silicon, Copper, … etc. 
 

• Increasing the Carbon will : 
 

1. Increase the strength and hardness. 

2. Decrease the ductility and toughness. 
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Types of Steel 

 

1. Carbon Steels: 
 

i. Low Carbon Steel (Carbon < 0.15%) 

ii. Mild Carbon (Structural) (Carbon 0.15%-0.29%) 

iii. Medium Carbon Steel (Carbon 0.3%-0.59%) 

iv. High Carbon Steel (Carbon 0.6%-1.7%) 
 

• The Carbon steels A36, A53, A500, A 501 and A529 
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Types of Steel 

 

2. High Strength Low Alloy Steel: 
 

• Fy = 42-70 ksi 

• Corrosive resistance. 
 

• The High Strength Low Alloy Steel are A572, A618, 
A913 and A992. 
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Types of Steel 

 

3. Corrosion Resistant High Strength Low Alloy Steel : 
 

• Fy = 80-110 ksi 

• Corrosive resistance. 
 

• The Alloy Steels are A242, A588 and A847. 
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Types of Steel 

 

 
 

 

 

Dr. Hasan  Katkhuda  

Steel Design 

Stress-Strain Curves 

 

 
 

 

 

Dr. Hasan  Katkhuda  

Steel Design 



9 

Stress-Strain Curves 
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Stress-Strain Curves 

 

• Brittle Steel: 
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Steel Sections 

I. Rolled Sections: 
 

1. Wide Flange Section (W): 

• Designation: W dn X m  

• dn : Nominal Depth  

• m : Weight per unit feet (Lb / ft) 
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Steel Sections 

1. Wide Flange Section (W): 
 

• bf : Flange width 

• tw : Thickness of web 

• tf : Thickness of flange 

• d : Depth 

 

 

• Examples: W 21 X 201, W21 X 182 …… 
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Steel Sections 
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Steel Sections 

 

2. American Standard Beam (S): 

• Designation: S dn X m  

• dn : Nominal Depth  

• m : Weight per unit feet (Lb / ft) 
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Steel Sections 

2. American Standard Beam (S): 
 

• bf : Flange width 

• tw : Thickness of web 

• tf : Thickness of flange 

• d : Depth 

 

 

• Examples: S 24 X 121 …… 
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Steel Sections 
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Steel Sections 
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Steel Sections 

 

3. American Standard Channels (C): 

• Designation: C dn X m  

• dn : Nominal Depth  

• m : Weight per unit feet (Lb / ft) 
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Steel Sections 

3. American Standard Channels (C): 
 

• bf : Flange width 

• tw : Thickness of web 

• tf : Thickness of flange 

• d : Depth 

 

 

• Examples: C 15 X 50 …… 
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Steel Sections 
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Steel Sections 
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Steel Sections 

 

4. Structural Tees Split from W or S -Shapes (WT or ST) 

• Designation: WT dn X m or ST dn X m 

• dn : Nominal Depth  

• m : Weight per unit feet (Lb / ft) 
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Steel Sections 

4. Structural Tees Split from W or S -Shapes (WT or ST) 
 

• bf : Flange width 

• tw : Thickness of web 

• tf : Thickness of flange 

• d : Depth 

 

 

• Examples: WT 22 X 145 …… 
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Steel Sections 
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Steel Sections 

 

5. Equal and UnEqual Leg Angles (L): 

• Designation: L L1 X L2 X t  

• L1 : Long leg 

• L2 : Short leg 

• t : thickness 
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Steel Sections 

5. Equal and UnEqual Leg Angles (L): 
 

 

 

• Examples: L 8 X 8 X 1 …… 
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Steel Sections 
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Steel Sections 
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Steel Sections 

II. Cold Formed Steel Members: 
 

• Thickness < 1 inch 
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Steel Sections 

III. Built-up Sections: 
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Chapter 2:  
Specifications, Loads and Method of Design 
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STEEL DESIGN   

Specifications 

 

• The design of Structural Steel is controlled and 
governed by building codes. 
 

• These codes specify minimum: 
 

A. Design Loads 

B. Design Stresses 

C. Construction Types 

D. Material Quality 

E. Other Factors 
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Specifications 

 

• Examples: 
 

• American Association of State Highway and 
Transportation Officials (AASHTO) 
 

• American Concrete Institute (ACI) 
 

• American Institute of Steel Construction (AISC)  
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Steel Construction Manual 

 

• Part 1: Dimensions and Properties 

• Part 2: General Design Considerations 

• Part 3: Design of Flexure Members 

• Part 4: Design of Compression Members 

• Part 5: Design of Tension Members 

• Part 6: Design of Members Subjected to Combined 
Loadings 

• Part 7: Design Considerations for Bolts 

• Part 8: Design Considerations for Welds 
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Steel Construction Manual 

 

• Part 9: Design of Connecting Elements 

• Part 10: Design of Simple Shear Connections 

• Part 11: Design of Flexible 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 
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Steel Construction Manual 

 

• Part 15: Design of Hanger Connections, Bracket 
Plates, and Crane-Rail Connections 

• Part 16: Specifications and Codes 

• Part 17: Miscellaneous Data and Math Information  
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Loads 

 

• The objective of a structural engineer is to design a 
structure that will be able to withstand all the loads to 
which it is subjected while serving its intended 
purpose throughout its intended life span. 
 

• Loads can be classified as: 
 

1. Dead Loads 

2. Live Loads 

3. Environmental Loads 
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Loads 

 

• Dead Loads: 
 

• Dead load is a fixed position gravity service load. 
 

• Dead loads are usually known accurately. 
 

• Dead loads can be determined from many codes such 
as International Building Code (IBC), ASCE, Jordanian 
Code for Load and Forces, … etc. 
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Loads 
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• Live Loads: 
 

• Live loads are loads that may change in position and 
magnitude. 
 

• Live loads are caused when a structure is occupied, 
used and maintained. 
 

• Live loads can be determined from many codes such 
as International Building Code (IBC), ASCE, Jordanian 
Code for Load and Forces, … etc. 
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Loads 

 

• Examples: 
 

i. Floor Loads: 

ii. Traffic Loads for Bridges 

iii. Impact Loads 

iv. Longitudinal loads 

v. Other loads (soil pressure, hydrostatic pressure, 
blast loads……) 
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Loads 

 

• Environmental loads: 
 

i. Snow Loads 

ii. Rain Loads 

iii. Wind Loads 

iv. Earthquake Loads 
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Two Design Philosophies 

1. 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 value is 
obtained by: 
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Two Design Philosophies 

 

• This approach is also called Elastic Design or Working 
Stress Design. 
 

• Two assumptions: 
 

1.Use service loads (working loads). 
 

2.The allowable stress is in the elastic range of the 
material. 
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Two Design Philosophies 

2. Load and Resistance Factor Design (LRFD) 
 

• A member is selected by using the criterion that the 
structure will fail at a load substantially higher than 
the working load. 
 

• Two assumptions: 
 

1. Load factors are applied to service loads. 
 

2. The theoretical strength of the member is reduced by 
the applications of a resistance factor.  
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Two Design Philosophies 
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Two Design Philosophies 

• The reason for amplifying the loads is to account for 
the uncertainty in estimating the loads 
 

• Load Factors (ASCE 2002) : 
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Two Design Philosophies 
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Two Design Philosophies 

• Strength or Resistance Factor: 
 

• Strength factors are usually reduction factors that 
applied to the strength (stress , force, moment) of the 
member to account for the uncertainties in material 
strengths, dimensions and workmanship. 
 

• These values are: 

1. 0.85 for columns. 

2. 0.75 or 0.90 for tension members. 

3. 0.90 for bending or shear in beams. 
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Example 
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Example 
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Frequency Distributions of Load Q & 
Resistance R 
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Comparison of load and resistance factor 
design with allowable stress design for 
tension members 
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Chapter 3:  
Analysis and Design of Tension Members 

Dr. Hasan  Katkhuda  

Steel Design 

STEEL DESIGN   

Introduction 

• Tension members are structural elements that are 
subjected to axial tensile forces caused by static 
forces acting through the centroidal axis. 
 

• Tension members are found in: 

• Truss members. 

• Bracing for buildings and bridges. 

• Cables in suspended roof systems and bridges. 
 

• Analysis of Tension members is Chapter D in the 
specifications (part 16) in the Steel Manual. 
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Introduction 

• The stress in an axially loaded tension member is : 

                                f = P/A    

where,  

• P: is the magnitude of load,  

• A: is the cross-sectional area normal to the load. 
 

• The stress in a tension member is uniform throughout 
the cross-section except: 

• Near the point of application of load, and 

• At the cross-section with holes for bolts or other 
discontinuities, etc. 
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Types of Sections 

I. Rolled Steel Sections: 

• W, S, WT, ST, C, L 
 

II. Special Sections: 

• Flat bar, Rods and Cables. 
 

III. Built up Sections: 
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Tensile Strength 

• A tension member can fail  by reaching three limit 
states: 
 

1. Excessive deformation initiated by yielding of the 
gross cross-section of the member away from the 
connection. 
 

2. Fracture of the effective net area (through the holes) 
at the connections. 
 

3. Block Shear fracture through the bolt holes at the 
connection. 
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Tensile Strength 

1. Yielding in the gross cross-section: 

• The nominal strength in yielding is: 

 

• Where: 

   Pn : Nominal Strength in the gross section. 

   Fy : Yield Stress. 

   Ag : Gross cross-section area 

 
 

 

  Where: 
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Tensile Strength 

2. Fracture in the net section: 

 

 

• Where: 

   Pn : Nominal Strength in the net section. 

   Fu: Ultimate Stress. 

   Ae : Effective net area 

 

 

Where: 
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Tensile Strength 

 

 

• Where: 
 

   Ae: Effective net area. 

   An: Net area for bolted connection. 

   U : Reduction Coefficient. 
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Tensile Strength 

• Important notes: 
 

• Note 1: Why is fracture (not yielding) the relevant 
limit state at the net section?  
 

• Yielding will occur first in the net section. However, 
the deformations induced by yielding will be localized 
around the net section. These localized deformations 
will not cause excessive deformations in the complete 
tension member. Hence, yielding at the net section 
will not be a failure limit state.  
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Tensile Strength 

• Note 2: Why is the resistance factor (φt) smaller for 
fracture than for yielding? 

• The smaller resistance factor for fracture (φt = 0.75 as 
compared to φt = 0.90 for yielding) reflects the more 
serious nature and consequences of reaching the 
fracture limit state. 
 

• Note 3: What is the design strength of the tension 
member? 

• The design strength will be the lesser value of the 
strength for the two limit states (gross section yielding 
and net section fracture).  
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Net Area, An 

 

• Net area is the gross sectional area of the member 
minus the holes or notches. 
 

• The long used practice is to punch holes with a 
diameter 1/16 inch larger than that of the bolts 
diameter. 
 

• Punching damages 1/16 inch more of the surrounding 
metal. 
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Net Area, An 

             

                       dh = dB + 1/16 + 1/16 
 

              dh = dB + 1/8 inch  (Based on the text book) 
 

• Where: 

• dh : diameter of the hole. 

• dB : diameter of the bolt. 

 

                       dh = dB + 1/16 inch 

                (Based on the specifications D-3) 
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Examples (Net Area, An) 

 

• Example 1: 
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Examples (Net Area, An) 

 

• Example 2: 
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Examples (Net Area, An) 

 

• Example 3: 

                 

Dr. Hasan  Katkhuda  

Steel Design 

Effect of Staggered Holes 

• For a bolted tension member, the connecting bolts can 
be staggered for several reasons: 
 

1. To get more capacity by increasing the effective net 
area. 

2. To achieve a smaller connection length. 

3. To fit the geometry of the tension connection itself. 
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Effect of Staggered Holes 

 

 

 

 

• Cochrane (1922) proposed a reduced diameter to account for 
the effects of staggered holes: 

 

• d : is the hole diameter. 

• s : pitch (spacing center to center in the direction of 
the load) 

• g : transverse spacing (center to center) Dr. Hasan  Katkhuda  
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Effect of Staggered Holes 

 

 

 

 

 

• wn : net width. 

• wg : gross width. 
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Examples (Staggered Holes) 

• Example 1: 

• ½ inch thick plate 

• dB = ¾ inch 

 

 

• Path ABCD : 

    An = [11 – (2)(7/8)] (1/2) = 4.625 in2 

• Path ABCEF : An = [11 – (3)(7/8) + (3)2/(4)(3)](1/2) 

                            = 4.56 in2  (controls) 

• Path ABEF:  An = [11-(2)(7/8)+(3)2/(4)(6)](1/2) 

                          = 4.8125 in2 
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Examples (Staggered Holes) 

• Example 2: 

 

 

 

 

 

 

 

 

• C 15 X 33.9, dB = ¾ inch 
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Examples (Staggered Holes) 

• Example 2: 

 

• Path ABCDEF :  

          An = 10 – (2)(7/8)(0.65) – (2)(7/8)(0.4) +   

                  (3)2/(4)(9) (0.4) + (2) [(3)2/(4)(4.6)]     

                  ((0.65+0.4)/2)  

 

                = 8.778 in2 
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Examples (Staggered Holes) 

• Example 3: 

• L 7 x 4x 5/8 

• dB = 7/8 inch 

 

 

 

• Required: 
 

• Min S that only 2 holes need be subtracted in 
determining net area. 
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Examples (Staggered Holes) 

• Example 3: 
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Examples (Staggered Holes) 

• Example 3: 
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Effective Area 

 

• For bolted Connections: 

 

 

• For welded Connections: 

 

 

• An : Net area 

• Ag : Gross area 
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Effective Area 

• Shear Lag: 
 

• Occurs when some elements of the cross section are 
not connected. 
 

• The connected element becomes over loaded and the 
unconnected part is not fully stressed, i.e. the tensile 
force is not uniformly distributed over the net area. 

 

 

 

 

 

Dr. Hasan  Katkhuda  

Steel Design 



14 

Effective Area 

 

• To account for the non-uniformity, the AISC 
specifications provide the effective area. 
 

• Shear lag factors for connections to tension members 
are provided in AISC specifications in Table D3.1. 
 

• This table is also available in the text book as table 
3.2 page 75. 
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U Factor for Bolted Connections 

 

• Case 1: 
 

   All tension members where the tension load is 
transmitted directly to each of the cross-sectional 
elements by fasteners (bolts) or welds. 

  

                                U = 1.0 
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U Factor for Bolted Connections 

 

• Case 2: 
 

   All tension members, except plates and HSS, where 
the tension load is transmitted to some but not all of the 
cross sectional elements by fasteners (bolts): 

 

                                 

• Where: 
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U Factor for Bolted Connections 
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U Factor for Bolted Connections 

 

• L: length of the line with the maximum number of 
bolts. 

•  Also, in staggered L: is the out to out dimension 
between the extreme bolts in a line. 
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U Factor for Bolted Connections 

 

• Case 7: 
 

   W, M, S or HP shapes or Tees cut from these shapes. 
 

A. With flange connected with 3 or more fasteners per 
line in direction of loading: 

 

 

B. With web connected with 4 or more fasteners per 
line in direction of loading: 

                                U = 0.70 
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U Factor for Bolted Connections 

 

• Case 8: 
 

  Single angles: 
 

A. With 4 or more fasteners per line in direction of 
loading: 

                               U = 0.80 
 

B. With 2 or 3 fasteners per line in direction of loading: 

                                 

                              U = 0.60 
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U Factor for Bolted Connections 

 

• Summary: 
 

• Use case 2 or 7 and 8. 
 

• Larger value of above is used. 
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U Factor for Bolted Connections 

 

• Case 5 and 6: 
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Example (U Factor for Bolted Connections) 

 

• Example 1: 

 

 

 

 

 

 

• Required: 

• Determine the effective net area. 
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Example (U Factor for Bolted Connections) 

 

 

 

 

 

 

 

    

• Case 8: 

  Control : 3.623 in2                               
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Example (U Factor for Bolted Connections) 

 

• Example 2: 

W10 x 45 with two lines of ¾ inch diameter bolts in 
each flange using A572 Grade 50. There are assumed to 
be at least three bolts in each line 4 inch on center, and 
the bolts are not staggered. 

 

• Required: 

• Determine the Tensile Design Strength. 
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Example (U Factor for Bolted Connections) 

1. Yielding: 

                      φt Pn = φt Fy Ag  

                               = (0.9) (50) (13.3) = 598.5 k                          

2. Fracture: 

                       φt Pn = φt Fu Ae  

• An= 13.3 – (4)(3/4 + 1/8)(0.62) = 11.13 in2 
 

• One half of W10x45 is WT 5 x 22.5: 

• x = 0.907,  U = 1 – (0.907/8) = 0.89 

• Case 7, U = 0.90 (Control) 

• φt Pn = (0.75)(65)(0.9)(11.13) = 488.5 k  

 

Dr. Hasan  Katkhuda  

Steel Design 



21 

U Factor for Welded Connections 

 

• Case 1: 
 

   All tension members where the tension load is 
transmitted directly to each of the cross-sectional 
elements by fasteners (bolts) or welds. 

  

                                U = 1.0 
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U Factor for Welded Connections 

 

• Case 2: 
 

   All tension members, except plates and HSS, where 
the tension load is transmitted to some but not all of the 
cross sectional elements by longitudinal welds: 

 

                                 

• Where: 
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U Factor for Welded Connections 
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U Factor for Welded Connections 

 

• Case 3: 
 

   All tension members where the tension load is 
transmitted by transverse welds to some but not all of 
the cross-sectional elements. 
 

                                                                    U = 1.0 
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U Factor for Welded Connections 

 

• Case 4: 
 

   Plates where the tension load is transmitted by 
longitudinal welds only: 
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Example (U Factor for Welded Connections)

• Example : 

 

 

 

 

 

• Fy = 50 Ksi, Fu = 65 Ksi 

• Required: 

• Tensile Design Strength of the member. 
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Example (U Factor for Welded Connections)

 

1. Yielding: 

                      φt Pn = φt Fy Ag  

                              = (0.9) (50) (1)(6) = 270 k                          

2. Fracture: 

                       φt Pn = φt Fu Ae  

   Ae = U Ag 

          1.5 w  = 1.5 x 6 = 9 in > L= 8 in > w = 6 in    

                      U = 0.75 (Case 4 )                                                   

               Ae = (0.75)(6) = 4.5 in2 

 φt Pn =(0.75)(65)(4.5) = 219.4 k (control)                               
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Block Shear 

 

• For some connection configurations, the tension 
member can fail due to ‘tear-out’ of material at the 
connected end. This is called block shear. 
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Block Shear 
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Block Shear 

• The failure of a member may occur along a path 
involving Tension on one plane and shear on a 
perpendicular plane. 
 

• When a tensile load applied to a connection is 
increased, the fracture strength of the weaker plane 
will be approached. 

• That plane will not fail then, because it is restrained 
by the stronger plane. 

• The load can be increased until the fracture strength 
of the stronger plane is reached. 

 

                            

Dr. Hasan  Katkhuda  

Steel Design 



26 

Block Shear 

• During this time, the weaker plane is yielding. 
 

• The total strength of the connection equals the 
fracture strength of the stronger plane plus the yield 
strength of the weaker plane. 
 

• Block shear can be thought of as being a tearing or 
rupture failure and not a yielding failure at bolt holes. 
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Block Shear 

 

 

 

 

• The member shown above has a larger shear area 
and a small tensile area. 

• The primary resistance to block shear failure is 
shearing and not tensile. 

• The LRFD specifications assume shear fracture occurs 
on this large shear resisting area, the small tensile 
area has yielded. 
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Block Shear 

 

 

 

 

 
 

• The member shown above has a larger tensile area 
and a small shearing area. 
 

• The block shear failure will be tensile and not 
shearing. 
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Block Shear 

 

 

 

 

 
 

 

 

• The purpose of the reduction factor (Ubs) is to account 
for the fact that stress distribution may not be uniform 
on the tensile plane for some connections. 
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Example (Block Shear) 

• Example : 
 

 

 

 

                            

 

 

 

• Required: 

• Compute the block shear, A36. 
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Examples (Block Shear) 
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Design of Tension Members 

• Design Procedure: 

1. Yielding: 

 
 

 

2. Fracture: 

                            

 

3. Slenderness ratio: 

• r : radius of gyration 
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Examples (Design of Tension Members) 

• Example 1: 
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Examples (Design of Tension Members) 

• Example 1: 
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Examples (Design of Tension Members) 

• Example 2: 

• Select an unequal-leg angle tension member 15 feet 
long to resist a service dead load of 35 kips and a 
service live load of 70 kips. Use A36 steel. 
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Examples (Design of Tension Members) 
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Examples (Design of Tension Members) 
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Examples (Design of Tension Members) 
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Tables for the Design of Tension Members 
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Tables for the Design of Tension Members 

• The AISC manual tabulates the tension design 
strength of standard steel sections. (Table 5) 
 

• Include: wide flange shapes, angles, tee sections, and 
double angle sections. 
 

• The gross yielding design strength and the net 
section fracture strength of each section is 
tabulated.  
 

• This provides a great starting point for selecting a 
section. 
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Tables for the Design of Tension Members 

• There is one serious limitation 

• The net section fracture strength is tabulated for 
an assumed value of U = 0.75, obviously because 
the precise connection details are not known. 

• For all W, Tee, angle and double-angle sections, 
Ae is assumed to be = 0.75 Ag 

• The engineer can first select the tension member 
based on the tabulated gross yielding and net 
section fracture strengths, and then check the net 
section fracture strength and the block shear 
strength using the actual connection details. 
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Example (Tables for the Design of 
Tension Members) 

• Example : 

• Select an unequal-leg angle tension member 15 feet 
long to resist a service dead load of 35 kips and a 
service live load of 70 kips. Use A36 steel. 
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Example (Tables for the Design of 
Tension Members) 
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Example (Tables for the Design of 
Tension Members) 
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Threaded Rods and Cables 
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Threaded Rods 
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Example (Threaded Rods) 

• Example: 
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Chapter 4:  
Analysis and Design of Compression Members 

Dr. Hasan  Katkhuda  

Steel Design 

STEEL DESIGN   

Introduction 

• Compression Members (Columns) are Structural 
elements that are subjected to axial compressive 
forces caused by static forces acting through the 
centroidal axis. (Chapter E in the Specifications) 
 

• The stress in the column cross-section can be 
calculated as : 

                             f = P /A     

• where, f  is assumed to be uniform over the entire 
cross-section.  
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Introduction 

• Mode of failure for compression members: 
 

1.Flexural (Euler) Buckling:  

• Members are subjected to flexure or bending when 
they become unstable. 
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Introduction 

2. Local Buckling:  

• This type of buckling occurs when some parts of the 
cross-section of a column are so thin that they buckle 
locally in compression before the other modes of 
buckling can occur. 

 

 
 

 

 
 

 Dr. Hasan  Katkhuda  

Steel Design 



3 

Introduction 

3. Flexure torsional Buckling:  

• These columns fail by twisting or by combination of 
torsional and flexural buckling. 
 

• Types 

 of  

sections: 
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Column Theory (Euler Formula) 
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Column Theory (Euler Formula) 

 

 

     M = Pcr y 

 
 

• Second order, linear, homogeneous differential 
equation with constant coefficients. 

 

 
 

      y’’ + c2 y = 0 
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Column Theory (Euler Formula) 

 

 

      
 

   B = 0 (trivial solution) , P = 0 
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Column Theory (Euler Formula) 
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Column Theory (Euler Formula) 

•
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Example 

• A W12 X 50 column is used to support an axial 
compressive load of 145 kips. The length is 20 feet, 
and the ends are pinned. Investigate the stability of 
the column. 
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End Restraint and Effective Lengths 

• Effective length (KL):  is the distance between points 
of inflection (zero moments) in the buckled shape. 

      

                       

• Ex.: 

                                   k = 0.7 (Fixed – pinned) 
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End Restraint and Effective Lengths 
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End Restraint and Effective Lengths 

      

                       

                                    

       

 

 
 

 

Dr. Hasan  Katkhuda  

Steel Design 



8 

End Restraint and Effective Lengths 
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Columns Formulas 

• The testing of columns with various slenderness ratios 
results in scattered range of values.   
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Columns Formulas 

• Column Types: 

1. Short columns: 

• No Buckling. 

• Failure stress equal to yield stress. 
 

2. Intermediate columns: 

• Some of the fibers will reach yielding stress and some 
will not. 

• Column will fail both by yielding and buckling 
(Inelastic). 

• Most columns in this range. 
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Columns Formulas 

2. Intermediate columns: 

 

                                            Et : Tangent modulus 
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Columns Formulas 

 

3. Long columns: 

• Buckling will occur. 

• Euler formula predicts the strength. 

• Axial buckling stress below the proportional limit, i.e. 
Elastic. 
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Columns Formulas 
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Columns Formulas (AISC Requirements) 

 

 

• Pn : Nominal Compressive strength. 

• Fcr: Flexural Buckling Stress. 

• Ag : Area Gross. 
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Columns Formulas (AISC Requirements) 

• Fcr is determined as follows : 

 

•                                                               Inelastic  

•                                                               Buckling 

 

 

•                                                                Elastic  

                                                                  Buckling 

 

                           Fe : Elastic (Euler) Buckling Stress  
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Examples 

• Example 1: 

• A W 14 x 74 of A992 steel has a length of 20 feet and 
pinned ends. Compute the design compressive 
strength. 
 

        (KL/r)x = (1.0)(20)(12) / (6.04) = 39.73 
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Examples 
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Examples 

• Solution by Table 4-22: 
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Examples 

• Solution by Table 4-22: 
 

• (KL/r)y = 96.77,  Fy = 50 ksi 
 

• Interpolation: 

  φc Fcr = 22.6 + (22.9 - 22.6 / 1.0) (0.23) 

            = 22.669 

   

   φc Pn = (22.669)(21.8) = 494.18 kips 
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Examples 

• Solution by Table 4-1: 
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Examples 

• Solution by Table 4-1: 
 

• KL = (1)(20) = 20 ft 

• Fy = 50 ksi 

• φc Pn = 494 kips 
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Examples 

• Example 2: 

• Fy = 50 ksi, Length of column = 23.75 ft, fixed-
pinned. Determine the compressive design strength. 
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Examples 

•  y (from top) =  [(20)(0.5)(0.25) + (2)(12.6)(9.5)] /  

                           [(20)(0.5)+(2)(12.6)] 

                      = 6.87 in 
 

• Ix = (2)(554) + (2)(12.6)(9.5 - 6.87)2 +  

          [(20)(0.5)3/12] + (20)(0.5)(6.87-0.25)2   

      = 1721 in4 
 

• Iy = (2)(14.3) + (2)(12.6)(6+0.877)2 + [(0.5)(20)3 / 

          12] = 1554 in4 
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Examples 

•
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More on Effective Length 

    

 

 

 

 

 

 

 

• Largest (KL/r) indicate the weakest direction and will 
be used in  φc Fcr                          

 
Dr. Hasan  Katkhuda  

Steel Design 



17 

Example 

• W14 x 90 

• Fy = 50 ksi. 

• No bracing on  (x-x) 

• Bracing on (y-y) as shown. 

 

• Required: 

•  Design strength   
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•
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Example 

• Using Table 4-1: 
 

• KxLx = (0.8)(32) = 25.6 ft 

• KyLy = (1.0)(10) = 10 ft 

• Which one controls!!!!! 
 

• KxLx/ rx = Equivalent KyLy/ry 

• Equivalent KyLy = KxLx / (rx/ry) 

• Control largest of KyLy AND  KxLx/ (rx/ry) 
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Example 

• Using Table 4-1: 
 

• Equivalent KyLy = KxLx / (rx/ry) 

                     = (0.8)(32)/ 1.66 =15.42 > KyLy =10 ft  

• 15.42 control 

 

• Table: Interpolation 

• 1000     15 ft 

    978      16 ft 

φc Pn = 993 kips 
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Local Buckling 

• The AISC specifications for column strength assume 
that column buckling is the governing limit state. 
However, if the column section is made of thin 
(slender) plate elements, then failure can occur due to 
local buckling of the flanges or the webs.  
 

• If local buckling of the individual plate elements 
occurs, then the column may not be able to develop 
its buckling strength.  
 

• Therefore, the local buckling limit state must be 
prevented from controlling the column strength. 
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Local Buckling 

• Local buckling depends on the slenderness (width-to-
thickness b/t ratio) of the plate element and the yield 
stress (Fy) of the material.  
 

• Each plate element must be stocky enough, i.e., have 
a b/t ratio that prevents local buckling from governing 
the column strength.  
 

• Two Categories: 

1. Stiffened elements: supported along both edges. 

2. Unstiffened elements: unsupported along one edge 
parallel to the direction of the load. 
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Local Buckling 

• If the slenderness ratio (b/t) of the plate element is 
greater than λr then it is slender. It will locally buckle 
in the elastic range before reaching Fy. 
 

• If the slenderness ratio (b/t) of the plate element is 
less than λr but greater than λp, then it is non-
compact. It will locally buckle immediately after 
reaching Fy. 
 

• If the slenderness ratio (b/t) of the plate element is 
less than λp, then the element is compact. It will 
locally buckle much after reaching Fy. 
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Local Buckling 
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Local Buckling 

• If all the plate elements of a cross-section are 
compact, then the section is compact. 
 

• If any one plate element is non-compact, then the 
cross-section is non-compact. 
 

• If any one plate element is slender, then the cross-
section is slender. 
 

• For W shape: λ = bf/2 / tf (unstiffened)  

                       λ = h/tw (stiffened) 
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Example 

• Investigate the local buckling for W14 x 74, Fy = 
50ksi. 
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Local Buckling 

• The section that has local buckling, the strength of the 
section should be reduced. 
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Local Buckling 

                           Q = Qs X Qa 
 

• Qs : for unstiffened elements 

• Qa : for stiffened elements 

• If the shape has no slender unstiffened elements; Qs 
= 1.0. 

• If the shape has no slender stiffened elements, Qa = 
1.0. 
 

• Most of the shapes used are not slender, and the 
reduction factor will not be needed. This includes most 
W-shapes. 
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Local Buckling 

• Slender unstiffened elements (Qs): 

A. For flanges, angles, and plates projecting from rolled 
columns or compression members: 
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Local Buckling 

B. For flanges, angles, and plates projecting from built 
up columns or compression members: 

 

 

•                                                    0.35<kc<0.76 
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Local Buckling 

C. For single angles: 
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Local Buckling 

D. For stems of Tees: 
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Local Buckling 

• Slender stiffened elements (Qa): 
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Local Buckling 
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Local Buckling 
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Torsional and Flexural-Torsional Buckling 

• When an axially loaded compression member becomes 
unstable, it can buckle in one of three ways: 

1. Flexural Buckling (already covered) 
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Torsional and Flexural-Torsional Buckling 

2. Torsional Buckling: This type of failure is caused by 
twisting about the longitudinal axis of the member. 

• Standard hot rolled shapes are not susceptible to 
torsional buckling, but members built up from thin 
plate elements may be. 
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Torsional and Flexural-Torsional Buckling 

3. Flexural-Torsional Buckling: This type of failure is 
caused by combination of flexure and torsional 
buckling. 

• This type of failure can occur only with unsymmetrical 
cross sections and one axis of symmetry. 
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Torsional and Flexural-Torsional Buckling 
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Torsional and Flexural-Torsional Buckling 
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Torsional and Flexural-Torsional Buckling 
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Example 

Example 1: 
 

Compute the compressive strength of a WT 12 x 81 of 
A992 steel. The effective length with respect to x-axis is 
25 ft 6 in, the effective length with respect to y-axis is 
20 ft, and the effective length with respect to z-axis is 
20 ft. (Use method b) 
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Example 
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Example 
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Example 
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Example 
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Design of Compression Members 

• Design Procedure: 

1. Assume a value for Fcr. (maximum = Fy) 

2. Determine the required area. 

 

 

3. Select a trial shape that satisfy Ag. 

4. Compute Fcr and φc Pn for the trial shape. 

5. If the design strength is very close to the required 
value, the next tabulate size can be tried (If not, use 
Fcr from step 4 and Repeat) 

6. Check Local and flexural-torsional buckling. 
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Examples (Design of Compression 
Members) 

• Example 1: Select a W18 shape of A992 steel that can 
resist a service dead load of 100 kips and a service 
live load of 300 kips. The effective length KL is 26 
feet. 
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Examples (Design of Compression 
Members) 

 

 

 
 

• Try Fcr = 20 ksi. 
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Examples (Design of Compression 
Members) 
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Examples (Design of Compression 
Members) 
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Examples (Design of Compression 
Members) 

• Example 2: The column shown in the figure below is 
subjected to an ultimate load of 840 kips. Use A992 
steel and select a W-shape. 
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Examples (Design of Compression 
Members) 

• KyLy = (1.0)(6.0) = 6.0 

   KyLy = (1.0)(8.0) = 8.0 (control in y) 

• Assume weak axis controls and using table 4-1 (Pu = 
840kips, KyLy = 8.0 ft, Fy=50); Try W12 x 72 (φc 
Pn= 884>840) 

• Check which axis controls: 

• Eq. KyLy = (1.0)(20) / (1.75) =11.43 ft >8.0 ft 

• KxLx controls 

• Using table 4-1, KL = 11.43 , Try W12 X 79 

• φc Pn >840 (Interpolation) 
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Built up Columns with Components not in 
Contact with Each Other 

 

 

 

 

 

 

• Purpose of Lattice work: 

1. To hold various parts in their position. 

2. To equalize stress distribution between different 
parts. 

3. To Prevent local Buckling. 
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Built up Columns with Components not in 
Contact with Each Other 

• Design of tie plates: 

•                                    Minimum thickness = B/50 

•                                    Minimum width = B + 2e 

•                                    e (edge distance) from Table. 

•                                    Minimum length = 2/3 B 

•                                    Maximum L/r = 200 
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Built up Columns with Components not in 
Contact with Each Other 
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Built up Columns with Components not in 
Contact with Each Other 

• Design of Lacing: 

1. Single Lacing: 

•                                B < 15 in 

•                                Minimum β = 60 

•                                Maximum KL/r = 140 

•                                K = 1.0  
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Built up Columns with Components not in 
Contact with Each Other 

• Design of Lacing: 

2. Double Lacing: 

•                                B > 15 in 

•                                Minimum β = 45 

•                                Maximum KL/r = 200 

•                                K = 0.7 

•                                Force on Lacing Bar (Vu = 0.02  

•                                        x  φc Pn) 
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Example 

• P dead = 100 kips 

• P live = 300 kips 

• Fy = 50 ksi 

• Bolt diameter = ¾ in 

• Design the lightest C12 

• Design lacing and end plates. 
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•
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Example 

• Check Local Buckling 

• Use 2C 12 x 30 
 

• Design of Lacing: 
 

• B = 8.5 < 15 in (Single Lacing) 

• Use β = 60 

• Length = 8.5 / cos 30 = 9.8 in 

• Vu = 0.02 (631) = 12.62 k 

• 0.5 (12.62) = 6.31 k (shearing force on each plane of 
lacing) 
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Example 
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Example 

•
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Example 

• Req. Ag = 7.28 / 12.2 = 0.597 

• Use (2.39 x 0.25) 

• Min. e = 1.25 in 

• Min. Length = 9.8 + (2)(1.25) = 12.3 in (use 14 in) 

• Use 0.25 x 2.5 x 14  
 

• Design of End Tie Plate: 

• Min. Length = 8.5 in 

• Min. t = 8.5/50 = 0.17 in 

• Min. Width = 8.5 + (2)(1.25) = 11 in 

• Use 3/16 x 8.5 x 12 in  
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Effective Length Using Alignment Charts 

• The resistance to rotation furnished by the beams and 
girders meeting at one end of a column is dependent 
on the rotational stiffnesses of those members. 
 

• Rotational stiffness: The moment needed to produce a 
unit rotation at one end of a member if the other end 
is fixed. (4EI/L) 

 

 

• , 
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Effective Length Using Alignment Charts 

•
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Effective Length Using Alignment Charts 
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Effective Length Using Alignment Charts 
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Effective Length Using Alignment Charts 
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EXAMPLE 

• Unbraced frame. 

• Determine Kx for columns AB and BC. 
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EXAMPLE 
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Inelastic 

 

 

 

• Stiffness reduction factor (ζa), Table 4-21 in the 
manual. 
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Inelastic 
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EXAMPLE 

• Unbraced Frame 

• Determine the effective length factors for member AB. 

• Service dead load = 35.5 kips, service live load = 142 
kips. 

• A992 steel 
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EXAMPLE 

 

 

 

 

 

 

 

 

 

• Kx = 1.45 (for elastic) 
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EXAMPLE 
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EXAMPLE 
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Chapter 5:  
Analysis and Design of Beams 

Dr. Hasan  Katkhuda  

Steel Design 

STEEL DESIGN   

Introduction 

 

• Beams are members that are subjected to transverse 
loads. (Chapter F in the specifications in the manual) 
 

• Types of beams: 
 

1. Used in buildings. 

2. Used in roofs and walls. 

3. Used in bridges. 
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Introduction 

 

1. Used in buildings: 
 

A. Joists: Closely spaced beams supporting floors of 
buildings. 
 

B. Lintels: On top of doors and windows. 
 

C. Spandrel beams: To support external walls. 
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Introduction 

2. Used in roofs and walls: 
 

A. Purlins: on roofs. 

B. Girts: on walls. 
 

 

3. Used in bridges: 
 

A. Stringers: beams running parallel to the roadway. 

B. Floor beams: large beams which are perpendicular to 
the roadway. 
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Introduction 

• Types of sections: 
 

1. Rolled steel sections: 
 

• W (most economical, used in this class), S, C, T, L. 
 

2. Built up sections: 
 

• Plate girder. 
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Introduction 

 
 

 

 
 

 

 

• If h/tw < 5.70 (E/Fy)0.5 : It is considered beam. 

•  If h/tw > 5.70 (E/Fy)0.5 : It is considered plate girder 
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Plastification of Cross-section under Pure 
Bending 

1. Elastic beam theory: 

 

 

 

 

 

 

 

• Plane section before bending remains plane after 
bending. 
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Plastification of Cross-section under Pure 
Bending 

2. Increasing Load (Moment), reaching yielding: 

 

 

 

 

 

 

• Reaches yield stress and strain. 

• Still linear. 

• Sx : Section modulus (I/c) 
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Plastification of Cross-section under Pure 
Bending 

3. Increasing Load (Moment), beyond yielding: 

 

 

 

 

 
 

• Elastic zone (core). 

• Plastic zone. 
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Plastification of Cross-section under Pure 
Bending 

4. Plastic moment (Mp): 

 

 

 

 
 

• Strain and stress reach yielding every where. 

• Full Plastic zone, Pu, Mp. 

• Formation of plastic hinge. 
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Plastification of Cross-section under Pure 
Bending 
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Plastification of Cross-section under Pure 
Bending 
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Plastification of Cross-section under Pure 
Bending 
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Examples 

• Example 1: A572, Grade 50. Determine: 

1. Yielding moment and elastic section modulus. 

2. Plastic moment and plastic section modulus. 
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Examples 

1. . 
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Examples 

2. . 
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Examples 

2. . 
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Examples 

• Example 2: 

• Determine plastic section modulus. 
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Examples 
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Basic Definitions 

1. Lateral Torsional Buckling (LTB): 
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Basic Definitions 

• Mn = Mp (if the beam remains stable up to the fully  

                  plastic condition) 
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Basic Definitions 

• Lateral torsional buckling will not occur if the 
compression flange of a member is braced or if 
twisting of the beam is prevented at frequent 
intervals. 
 

• Two Categories of lateral support: 
 

1. Continuous lateral support by embedment of the 
compression flange in a concrete slab. 
 

2. Lateral support at short or long intervals. 
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Basic Definitions 

2. Classifications of Shapes : 
 

A. Compact sections: 

• Capable of developing a fully plastic stress distribution 
before buckling. 

• If λ < λp and the flange is continuously connected to 
the web. 

B. Non- Compact sections: 

• Yield stress can be reached in some but not all of the 
elements. 

• If λp < λ < λr 
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Basic Definitions 

C. Slender sections: 

• If λ > λr 
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Bending Strength of Compact Shapes 

• Beams can fail by reaching Mp and become fully 
plastic , or it can fail by: 
 

1. Lateral Torsional Buckling (LTB), elastic or inelastic. 

2. Flange Local Buckling (FLB), elastic or inelastic. 

3. Web Local Buckling (WLB), elastic or inelastic. 
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Bending Strength of Compact Shapes 

 

 

 

 

 
 

 
 

 

 

 
 

 
Dr. Hasan  Katkhuda  

Steel Design 



14 

Bending Strength of Compact Shapes 

1. Plastic Behavior ( Zone 1): 

• Compact Shape. 

• Compression flange is continuously braced laterally or 
lateral bracing are provided at short intervals, i.e. 

                               Lb > Lp 

• Where  

 

 

 

•                                             ,   φb =0.9 
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Bending Strength of Compact Shapes 

 

• For bending about minor axis (y-y); there is no (LTB) 
in the doubly symmetrical sections.  
 

• Always zone 1. 
 

• Φb Mn = φb Mp  

              = φb Fy Zy < φb 1.6 Fy Sy 
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Examples (Zone 1) 

• Example 1: 
 

• W16 x 31, A992 steel. 

• Continuous Lateral Support. 

• Is the beam adequate in flexure? 
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Examples (Zone 1) 
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Examples (Zone 1) 
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Examples (Zone 1) 

• Example 2: 
 

• Fy = 50 ksi. 

• Continuous lateral support. 

• Design. 
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Examples (Zone 1) 

• Case 1 + Case 9 Table 3-23 in the manual. 
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Examples (Zone 1) 

• Case 1 + Case 9 Table 3-23 in the manual. 
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Examples (Zone 1) 

• Case 1 + Case 9 Table 3-23 in the manual. 
 

• Wu = 1.2 (2) = 2.4 k /ft 

• Pu = 1.6 (24) = 38.4 k 
 

• Mu = (2.4)(30)2 / 8 + (38.4)(10) = 654 k-ft 

•  or : 

     Zreq. = (654)(12) / (0.9)(50) = 174.4 in3 

 

• Using Table 3-2, try W24 x 68, Zx = 177 > 174.4 
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Examples (Zone 1) 
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Examples (Zone 1) 

• Wu = 1.2 (2+0.068) = 2.4816 k/ft 

• Pu = 38.4 k 

• Mu = (2.4816)(30)2 / 8 + (38.4)(10) = 663.18 k-ft 
 

• Zreq. = (663.18)(12) / (0.9)(50) 

           = 176.8 < 177 (O.K) 
 

• Use W24 x 68 

 
 

 

 

 
Dr. Hasan  Katkhuda  

Steel Design 

Bending Strength of Compact Shapes 

2. Inelastic LTB (Zone 2): 
 

• The bracing is insufficient to permit the member to 
reach a full plastic distribution. 

 

• Yield strain is reached in some but not all of its 
compression elements. 

 

                               Lp < Lb < Lr 
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Bending Strength of Compact Shapes 
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Bending Strength of Compact Shapes 

 

 

 

• Cw = Warping constant, in4 
 

• The moment capacity in zone (2) is: 

 

 

 

• Or : φb Mn = Cb [ φb Mp – BF (Lb- Lp)] <φb Mp 
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Bending Strength of Compact Shapes 

• Cb = Modification factor for non-uniform moment 
diagrams, when both ends of the beam segment are 
braced. 
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Bending Strength of Compact Shapes 
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Bending Strength of Compact Shapes 

• Cb is used to account for the effect of different 
moment gradients on LTB. 

• Cb = 1.0 for Cantilever and over hangs. 
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Bending Strength of Compact Shapes 
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Bending Strength of Compact Shapes 

• Example (Cb): 

• Bracing at ends 
 

 

 

• Mmax = PL/8 

• MA = 0 

• MB = PL/8 

• MC = 0 

• Cb =  (12.5)(PL/8) / (2.5PL/8 + 0 + 4 PL/8 + 0) 

        = 1.92 
 

 

Dr. Hasan  Katkhuda  

Steel Design 

Example (Zone 2) 

• Example 1: 
 

• W12 x 30, A992 steel. 

• Lb = 10 ft 

• Cb = 1.0 
 

• Compute the flexural design strength. 
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Example (Zone 2) 

•
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Example (Zone 2) 

•
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Example (Zone 2) 

 

• Mn = 1.0 [ (50)(43.1) – {(50)(43.1) –    

             (0.7)(50)(38.6)} [ (10-5.369) / (15.6-5.369)]    

         = 1791.1 kip-in < Mp = 2155 kip-in 
 

• Φb Mn = (0.9)(1791.1) 

             = 1611.99 kip-in 

             = 134.33 kip-ft 

Dr. Hasan  Katkhuda  
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Example (Zone 2) 

• Example 2: 
 

• Mu = 290k-ft. 

• Fy = 50 ksi 

• Lb = 10 ft 

• Cb = 1.0 
 

• Design. 
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Example (Zone 2) 

Using Table 3-2 
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Steel Design 

Example (Zone 2) 

• Try W 18 x 40: (assume Zone 1) 
 

• Φb Mp = 294 k-ft, 

• Lp = 4.49 ft, 

• BF = 13.3, 

• Lr = 13.1 ft 
 

• Zone 2 ( 4.49< 10 <13.1) 
 

• Φb Mn = 1.0 [ 294 – (13.3)(10-4.49)]  

              = 220.72 <290 (N.G) 
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Example (Zone 2) 

• Try W 21 x 44: 
 

• Φb Mp = 358 k-ft, 

• Lp = 4.45 ft, 

• BF = 16.8, 

• Lr = 13 ft 
 

• Zone 2 ( 4.45< 10 <13.0) 
 

• Φb Mn = 1.0 [ 358 – (16.8)(10-4.45)]  

              = 264.76 <290 (N.G) 
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Example (Zone 2) 

• Try W 21 x 48: 
 

• Φb Mp = 398 k-ft, 

• Lp = 6.09 ft, 

• BF = 14.7, 

• Lr = 16.6 ft 
 

• Zone 2 ( 6.09< 10 <16.6) 
 

• Φb Mn = 1.0 [ 398 – (14.7)(10-6.09)]  

              = 340.52 > 290 (O.K) 
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Bending Strength of Compact Shapes 

3. Elastic LTB (Zone 3): 
 

                                                  Lb > Lr 
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Examples 

• Example 1: (Design by Charts) 
 

• A572, Grade 50. 

• Bracing at ends. 

• Design by charts. 
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Examples 

 

 

 

• From charts page 3-126: 
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Examples 

• Example 2: 

• A992 steel. 

• Lateral bracing at the ends and at mid span. 

• 30% dead load, 70% live load. 

• Design. 
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Examples 
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Examples 
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Examples 
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Bending Strength of Non-Compact Shapes 

• Flange Local Buckling (FLB): 

•                                                  (NON –COMPACT) 
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Bending Strength of Non-Compact Shapes 

• Flange Local Buckling (FLB): 

•                              λ > λr                 (SLENDER) 
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Example (Bending Strength of Non-
Compact Shapes) 

• Example: 
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Example (Bending Strength of Non-
Compact Shapes) 
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Example (Bending Strength of Non-
Compact Shapes) 
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Example (Bending Strength of Non-
Compact Shapes) 
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Example 

• Bracing at A, B, C, and D. 

• Fy = 50 Ksi. 

• Is W 14 x 132 adequate in flexure? 
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Example 

• Segment ABC: 

• Wu = 1.2 (3.5+0.132) + 1.6 (1.0) = 5.958 kip/ft 
 

• Segment CD: 

• Wu = 1.2 (0.132) = 0.1584 kip/ft 

• Pu = 1.6 (25) = 40 kips. 
 

• Mmax = 858 kip-ft at 16.97 ft 
 

• Check Compactness (section is compact) 
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Example 

• W14 x 132 : 

• Lp = 13.3 ft, Lr = 56.0 ft 
 

• For segment BC : 

• Lb = 9 ft < Lp = 13.3 ft (Zone 1) 

• Φb Mn = φb Mp = 878 kip-ft < Mu = 858 kip-ft (O.K) 
 

• For segment CD: 

• Lp= 13.3 ft <Lb = 18 ft < Lr = 56 ft (Zone 2) 

• Cb = 12.5 (855.4) / (2.5)(855.4)+(3)(646.4)+   

            (4) (434.1)+ (3)(218.7) = 1.653 
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Example 

• Φb Mn = 1.653 [ 878 –(7.7)( 18-13.3)]  

             = 1391.512 kip-ft > φb Mp = 878 kip-ft 
 

• Use φb Mp = 878 kip-ft > Mu = 855 kip-ft (O.K) 
 

• For segment AB : 

• Lb = 9 ft (Zone 1) 

• φb Mp > Mu (O.K) 

 

• Section is adequate in flexure 
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Shear 

• Shear stress : 
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Shear 
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Shear 
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Shear 
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Shear 
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Shear 
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Shear 
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Example (Shear) 
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Example (Shear) 
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Deflection 

• Example: 

• W: Service live  

     load. 
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Example (Deflection) 
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Biaxial Bending 
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Biaxial Bending 
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Example (Biaxial Bending) 
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Example (Biaxial Bending) 
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Example (Biaxial Bending) 
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Shear Center 

• Is that point through which the loads must act if there 
is to be no twisting or torsion of the beam. 
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Shear Center 

 

• Location of shear center: 
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Shear Center 

• Location of shear center: 

 

 

 

                                             qv = VQ / I (Shear flow) 

 

 

 

 

•    H h = V e 
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Example (Shear Center) 

 

•                                 qv at B = VQ / I 

•                                  I = (0.3)(9.4)3 / 12 +  

•                                        [ (3)(0.3)3 / 12 +  

•                                        (3)(0.3)(4.85)2}] (2)  

•                                     = 63.12 in4 

•                                                  Q = (3-0.15)(0.3)(5-0.15) 

•                                                       = 4.146 

•                                  qv at B = V (4.146) / 63.12 

•                                             = 0.0657 V 
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Example (Shear Center) 

• Total area H = (0.5)(0.0657 V)(2.85) = 0.0936 V                                

                                              

 

                                    V e = H  h 

                                    V e = (0.0936 V) (9.7) 

                                       e = 0.91 in (from center line 

                                                          of web) 
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Chapter 6:  
Analysis and Design of Beam-Columns 
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Steel Design 

STEEL DESIGN   

Introduction 

• Beam-columns are members that are subjected to 
bending and axial forces. (Tension or Compression) 
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Introduction 

 

• First Order (F.O) Analysis: Structural analysis using 
undeformed shape of the structure. 
 

• Second Order (S.O) Analysis: Structural analysis 
considering geometric changes due to deformations in 
structural formulations. 
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Introduction 
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Introduction 
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Introduction 

 

• Second Order: 
 

1. Use computers and make a second order analysis to 
determine the maximum factored load strength. 
 

2. Use First Order analysis and amplify the moments 
obtained with some amplification factors. 
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Interaction Formula 

• Chapter H in the specifications in the manual. 

1. . 
 

 

 

 

2. . 
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Interaction Formula 

                      Mu = B1 Mnt + B2 Mlt 
 

• Mnt: Maximum moment assuming that no sidesway 
occurs (no translation) (First order). 
 

• Mlt :Maximum moment caused by sidesway (lateral 
translation) (First order) 
 

• B1 : Amplification factor for the moments occurring in 
member when it is braced against sidesway. 
 

• B2 : Amplification factor for moments resulting from 
sidesway. 
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Interaction Formula 

                      Pu = Pnt + B2 Plt 
 

• Pnt: Axial load assuming that no sidesway occurs (no 
translation). 
 

• Plt :Axial load caused by sidesway (lateral translation. 
 

 

• B2 : Amplification factor for moments resulting from 
sidesway. 
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Interaction Formula 

 

 

 

 

 

 

 

• K < 1.0 (BRACED FRAME) 

• Cm : Modification factor due to maximum moment 
depends on the distribution of bending moment within 
the member. 
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Interaction Formula 
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Interaction Formula 
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Interaction Formula 

• Cm: 
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Interaction Formula 

• Cm: 
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Interaction Formula 

• Cm: 

1. If there is no transverse loads acting on the member: 

 

 

• M1 / M2: Ratio of bending moments at the ends of the 
member. 

• M1: Absolute smaller value. 

• M2: Absolute larger value. 

• Ratio (+ve) when reverse or double curvature. 

            (-ve)  when single curvature. 
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Interaction Formula 

• Cm: 
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Interaction Formula 

• Cm: 
 

2. For transversely loaded members: 
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Examples (Analysis for Braced Frame) 

• Example 1: 

• Braced frame. 

• Service loads and moments about strong axis are 
shown. 

• A5732, Grade 50 

• KxLx = KyLy = 14 ft  
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 

• Example 2: 
 

• Service live loads are shown. 

• Laterally braced at ends. 

• Bending about x axis. 

• Fy = 50 ksi 

 
 

 

 
 

 Dr. Hasan  Katkhuda  

Steel Design 

Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 

 

 

•                                                                                                                          Cb = 1.32 

•                                    >  
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Examples (Analysis for Braced Frame) 

• Example 3: 

• Service Loads and Moments are shown. 

• Use Kx = Ky = 1.0 

• Fy = 50 ksi 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Examples (Analysis for Braced Frame) 
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Design of Beam- Columns 

• Because of many variables in the interaction formulas, 
the design is essentially a trial and error process. 
 

• Amin Mansour Method: 
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Design of Beam- Columns 
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Design of Beam- Columns 

• Procedure: 
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Design of Beam- Columns 
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Design of Beam- Columns 
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Design of Beam- Columns 
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Example (Design of Beam- Columns) 

• Example 1: 
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Example (Design of Beam- Columns) 
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Example (Design of Beam- Columns) 
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Example (Design of Beam- Columns) 
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Example (Design of Beam- Columns) 
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Chapter 7:  
Bolted Connections 

Dr. Hasan  Katkhuda  

Steel Design 

STEEL DESIGN   

Introduction 

• Types of Bolts: 

1. Ordinary or Common bolts: 

• Classified by ASTM as A307 bolts. 

• Used in light structures subjected to static loading 
only. 

2. High strength bolts: 

• Classified by ASTM  as A325, A490 bolts. 

• Have tensile strengths two or more times those of 
ordinary bolts. 

• Used in all types of structures (static + dynamic loads) 
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Introduction 

• Simple Connections: 
 

• If the line of action of the resultant force to be 
resisted passes through the center of gravity of the 
connection, each part of the connection is assumed to 
resist an equal share of the load. 
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Introduction 

• Eccentrically Loaded Connections: 
 

• If the line of action of the resultant force to be 
resisted does not act through the center of gravity of 
the connection. 
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Bolted Shear Connections 

• Failure modes: 

1. Shear failure of the bolts: 
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Bolted Shear Connections 

 

2. Tension failure in the member : 
 

• Yielding 

• Fracture 

• Block shear 
 

 
 

 

 
 

 

 

Dr. Hasan  Katkhuda  

Steel Design 



4 

Bolted Shear Connections 

3. Bearing exerted by the bolts : 
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Bolted Shear Connections 

3. Bearing exerted by the bolts : 
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Bolted Shear Connections 

• Types of bolted shear connections: 
 

1. Bearing type connections: 

• Slip is acceptable (loose in connection) 

• Load will be transferred through shear in bolts and 
bearing in the connected parts. 
 

2. Slip critical connections: 

• No slippage is permitted (shear force < friction force) 

• No shear and bearing. 

• Load will be transferred through friction. 
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Bearing Type Connections 

1. Shear Strength: 

 
 

• f v : Shearing stress on the cross-sectional area of the 
bolt. 

• Ab : Cross-sectional area of the unthreaded part of 
bolt. 

 
 

• Rn : Nominal strength. 

• Fnv :Nominal shear stress.  
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Bearing Type Connections 
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Bearing Type Connections 
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Bearing Type Connections 

2. Bearing Strength: 
 

• Bearing strength is independent of the type of 
fastener because the stress under consideration is on 
the part being connected rather than on the fastener. 
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Bearing Type Connections 
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Bearing Type Connections 
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Bearing Type Connections 

• Spacing and Edge distance requirements: 
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Bearing Type Connections 
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Example (Bearing Type Connections) 

• Check bolt spacing, edge distances and bearing in the 
connection shown. 

• Bolts used A325 with threads not in plane of shear. 
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Example (Bearing Type Connections) 
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Example (Bearing Type Connections) 

1. Shear strength: 

 
 

          = (60) (�)(3/4)2 / 4 = 26.46 kips 
 

    φRn = (0.75)(26.46) = 19.845 kips (for each bolt) 
 

    For four bolts: 
 

     φRn = (4)(19.845) = 79.38 kips 
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Example (Bearing Type Connections) 

2. Bearing Strength: 

• Tension member : 

• Edge holes: 
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Example (Bearing Type Connections) 

 

 

 

 

 

 

• Other holes: 
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Example (Bearing Type Connections) 

 

 

 

 

 

 

 
 

• Gusset Plate: 

• Edge holes: 
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Example (Bearing Type Connections) 

 

 

 

 

 

 

 

 

 

• Other holes: 
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Example (Bearing Type Connections) 
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Example (Bearing Type Connections) 

• Tension Failure: 
 

• Yielding: 

• Φt Pn = (0.9)(36)(5)(0.5) = 81 kips 
 

• Fracture: ………………… 
 

• Block shear: …………………… 

• Control (without calculating Tension failure) = 79.38 
kips 

• Ru = 1.2(15) +(1.6)(45) = 90 kips 

• 79.38 < 90 kips (N.G) 
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Slip Critical Connections 
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Slip Critical Connections 

 

 
 

 

 
 

Dr. Hasan  Katkhuda  

Steel Design 



15 

Slip Critical Connections 
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Example (Slip Critical Connections) 

• ¾ inch diameter, A325 bolts with threads in the shear 
plane no slip is permitted, A36. 
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Example (Slip Critical Connections) 
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Example (Slip Critical Connections) 
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Example (Slip Critical Connections) 
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Example (Slip Critical Connections) 
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Example (Slip Critical Connections) 
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Example (Slip Critical Connections) 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Design Example 
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Bolts Subjected to Shear and Tension 

• The vertical component f the force will put the bolts in 
shear, while the horizontal component will cause 
tension on the bolts. 
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Bolts Subjected to Shear and Tension 

• Bearing Type connection: 
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Bolts Subjected to Shear and Tension 
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Example (Bolts Subjected to Shear and 
Tension) 
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Example (Bolts Subjected to Shear and 
Tension) 
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Example (Bolts Subjected to Shear and 
Tension) 
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Example (Bolts Subjected to Shear and 
Tension) 
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Example (Bolts Subjected to Shear and 
Tension) 
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Bolts Subjected to Shear and Tension 

• Slip critical connections: 
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Example (Bolts Subjected to Shear and 
Tension- slip critical connection) 
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Example (Bolts Subjected to Shear and 
Tension- slip critical connection) 
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Eccentric Connections (Shear Only) 

• Elastic Analysis: 
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Eccentric Connections (Shear Only) 

• Elastic Analysis: 
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Eccentric Connections (Shear Only) 

 

 

 

 

 

 

 

 

• fv : Shearing stress in each bolt. 
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Eccentric Connections (Shear Only) 
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Eccentric Connections (Shear Only) 
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Example (Eccentric Connections (Elastic 
Analysis) 
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Example (Eccentric Connections (Elastic 
Analysis) 
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Example (Eccentric Connections (Elastic 
Analysis) 
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Eccentric Connections (Shear Only) 

• Ultimate Strength Analysis: 
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Eccentric Connections (Shear Only) 
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Eccentric Connections (Shear Only) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections (Ultimate 
Analysis) 
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Example (Eccentric Connections , 
Ultimate Analysis, Tables) 

• Bolts are ¾ inch 

• A325 bearing with threads in plane of shear. 

• Bolts are in single shear. 
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Example (Eccentric Connections , 
Ultimate Analysis, Tables) 
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