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Rolled-steel shapes



Typical hot-rolled structural steel sections



W-and M-shapes: beams or columns in steel  buildings; top and 

bottom chord members of  trusses; diagonal braces in braced frames.
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AISC Manual
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Dimensions and properties

Table 1-1 in the 

AISC Manual

Example



Dr. Ra'ed Al-Mazaidh 13

Dimensions and properties

Table 1-2 in the 

AISC Manual

Example



W- and M-shapes:



W- and M-shapes:



S-shape: hoist beams for the  support of monorails
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Dimensions and properties

Table 1-3 in the 

AISC Manual

Example



HP-shape: bearing pile foundations and soldier piles for lateral support in 

deep excavations.
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Dimensions and properties

Table 1-4 in the 

AISC Manual

Example



C- and MC-shapes: beams for light  loads



Dr. Ra'ed Al-Mazaidh 21

Dimensions and properties

Table 1-5 in the 

AISC Manual

Example
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Dimensions and properties

Table 1-6 in the 

AISC Manual

Example



Angle shapes: lintels to support brick cladding and block wall 

cladding;  members in trusses
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Dimensions and properties

Table 1-7 in the 

AISC Manual

Example



Angle shapes



WT-shapes: brace members and top/bottom chords of trusses
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Dimensions and properties

Table 1-8 in the 

AISC Manual

Example



Plates and bars



Hollow structural section (HSS) and structural pipes:

Commonly uses for columns  hangers, and braced-frame members.



Manufacturing Process



Manufacturing Process
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Dimensions and properties

Table 1-11 in the 

AISC Manual

Example
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Dimensions and properties

Table 1-12 in the 

AISC Manual

Example
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Dimensions and properties

Table 1-13 in the 

AISC Manual

Example



Cold-formed shapes
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Some types of steel decks



Typical stress–strain diagram for a mild- or low-carbon 
structural steel at room temperature
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Idealized stress–strain diagram for  structural steel



Typical stress–strain curves



Effect of temperature on yield strengths
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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%)

• Fy = 35-65 Ksi

• The Carbon steels A36, A53, A500, A 501,A529,A709,A1043 

and A1085

2. High Strength Low Alloy Steel:

• Fy = 42-70 Ksi

• Corrosive resistance.

• The High Strength Low Alloy Steel are A572, A618,A709,A913,

A992, A1065

Steel Types
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3. Corrosion Resistant High Strength Low Alloy Steel :

• Fy = 50 ksi

• Corrosive resistance.

• The Alloy Steels are A588,A847,A1065 and Gr.50W



Built-up sections



Advantages of Steel as a Structural Material

■ Steel exhibits desirable physical properties that makes it one of the most versatile structural material in use.

■ Its great strength, uniformity, light weight, ease of use, and many other  desirable properties makes it the  

material of choice for numerous  structures such as steel bridges, high rise buildings, towers, and other  

structures.

■ The many advantages of steel can be summarized as follows:

–High Strength

• This means that the weight of structure that made of steel will be small.

–Uniformity

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

– Elasticity

• Steel follows Hooke’s Law very accurately.
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–Ductility

•A very desirable of property of steel in which steel can withstand extensive deformation  

without failure under high tensile stresses, i.e.,  it gives warning before failure takes place.

–Toughness 

• Steel has both strength and ductility.

–Additions to Existing Structures

•Example: new bays or even entire new wings can be added to existing frame buildings,

and steel bridges may easily be widened.

Advantages of Steel as a Structural Material

Toughness is the 
ability of a material 

to absorb energy and 
plastically deform 
without fracturing
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Disadvantages of Steel as a Structural Material

■ Although steel has all this advantages as structural material, it also has many disadvantages that make reinforced 

concrete as a replacement for construction  purposes.

■ For example, steel columns sometimes can not provide the necessary strength because of buckling, whereas R/C  

columns are generally sturdy and massive,  i.e., no buckling problems occurs.

 The many disadvantages of steel can be summarized as follows:

■ Maintenance Cost

■ Steel structures are susceptible to corrosion when exposed to air, water, and humidity. They must be painted

periodically.

■ Fireproofing Cost

Although steel is incombustible material, however, its  strength is reduced extremely at high  temperatures due to

common fires.

■ Fatigue

The strength of structural steel member can be  reduced if this member is subjected to cyclic  loading.



Design Methods

4

9
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 Load combinations specified by the  ASCE 7-16 Standard



5

2



Dr. Ra'ed Al-Mazaidh 53

 This method uses load factors to the loads or combination  of loads
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Tension Members

 Tension members are axially loaded members stressed in tension.

 They are used in steel structures in various forms; they occur as web and chord members in roof and

floor trusses, and as hangers and sag rods, diagonal braces for lateral stability, lap splices, and in

moment connections.
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Types of Sections used in steel tension members

 Hot rolled Steel Sections: (W, S, WT, ST, C, L)

 Special Sections: (Flat bar, Rods and Cables)

 Built up Sections:
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Failure modes and analysis of tension members 

 For members subjected to tension, the two most basic modes of failure are:

1. Tensile yielding on the gross section.

2. Tensile rupture at the net section.

 Tensile yielding occurs when the stress on the gross area of the section is large enough to 

cause excessive deformation.

 Tensile rupture occurs when the stress on the effective area of the net cross-section is large

enough to cause the member to fracture or rupture (perpendicular to the tension force), which 

usually occurs across a line of bolts where the tension member is weakest.



Dr. Ra'ed Al-Mazaidh 11

Yielding failure in Tension member 
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Rupture failure in Tension member 



Dr. Ra'ed Al-Mazaidh 13

Tensile Yielding on the Gross Section: 

Failure occurs in this mode by tensile yielding of the member at the gross cross-section. In the LRFD

method, the ultimate tension capacity or design tensile strength, ∅𝑃𝑛, for the failure mode of tensile yielding in

the gross section is given as

Part 16 (AISCM)

Eq. (D2-1)….AISCM-15th ed.
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Tensile Rupture in the Net Section 

Failure occurs in this mode by tensile yielding of the member at the gross cross-section. In the LRFD method,

the ultimate tension capacity or design tensile strength, ∅𝑃𝑛 for the failure mode of tensile yielding in the gross

section is given as

Eq. (D2-2)….AISCM-15th ed.

The design tensile strength of a tension member is the smaller of the two expressions (yielding and

tensile strengths)
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Gross cross-sectional area (Ag), Net Area (An)

 The gross cross-sectional area (Ag) of a tension member is simply the total cross-sectional area of the

member.

 The net area ( An) of a member is the sum of the products of the thickness and the net width of each element.

1. The long used practice was to
punch holes with a diameter 1/16
inch larger than that of the bolts
diameter.
2. Punching damages 1/16 inch
more of the surrounding metal.

What is the (1/8) in the equation?
1

16
+

1

16
=
1

8
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Example :

 𝐴𝑛 =
3

8
𝑖𝑛. 8 𝑖𝑛. − 2

3

4
𝑖𝑛. +

1

8
𝑖𝑛.

3

8
𝑖𝑛. = 2.34 𝑖𝑛2

Two lines 
of ¾ in. 
bolts.

 𝐴𝑔 =
3

8
𝑖𝑛. 8 𝑖𝑛. = 3 𝑖𝑛2.
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Staggered Holes

The failure plane ABCDE has two diagonal failure planes:

BC and CD. The expression for the net width then

becomes:

Where: 

wn = Net width, 

wg = Gross width, and 

dh = Hole diameter. 

Multiplying the equation by the thickness of the member yields 

Since An= Wnt and Ag = Wgt, the equation can be simplified as follows: 
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Example :

Diameter of bolts = 3/4 in.

Critical section (smallest area)

𝑡 =
1

2
𝑖𝑛. 𝑑ℎ =

3

4
𝑖𝑛.

Solution:
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Example :

𝐴𝐵𝐷𝐸 = 4.71𝑖𝑛2 − 2 1 +
1

8
𝑖𝑛. 0.22 𝑖𝑛. = 4.21 𝑖𝑛2.

Determine the net area of the W12X16 shown below, assuming that the holes for 1-in bolts

𝐴𝐵𝐶𝐷𝐸 = 4.71𝑖𝑛2 − 3 1 +
1

8
𝑖𝑛. 0.22 𝑖𝑛. + (2)

2𝑖𝑛 2

4 3 𝑖𝑛
(0.22 𝑖𝑛) = 4.11 𝑖𝑛2.

Solution :

Critical section (smallest area)
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Effective Area, Ae : 

The effective net area, Ae, of a tension member is a product of the net cross-sectional area which accounts for

the presence of bolt holes, if any, at the critical section, and the shear lag factor, U
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Shear lag factor (U)

Shear lag in tension members is a phenomenon that occurs due to the non-uniform axial tension stress

distribution at the connections of the tension member because all of the elements of the tension member are not

connected or attached to the supporting member or gusset plate, such as a single or WT member.
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Table D3.1 of the AISCM gives the values of the shear lag factor, U, for various connection configurations

ҧ𝑥= Distance between the centroid of the connected member and the connection plane.

𝑙 = Connection length measured parallel to the tension load (for bolts, it is the out-to-out distance between 

extreme bolts).
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Example :

below,

Table D3.1

Case 2

Case 8 (a)

See next slide
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Example :

below,
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Solution

Table D3.1

Case 2



Dr. Ra'ed Al-Mazaidh 32

Example :

below.
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(2-4)

Table D3.1

Case 2
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:

Controls

Pu=1.2 DL+1.6 LL
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Example :

below.

Long leg is vertical

3

8
= 𝟎. 𝟑𝟕𝟓"

(2-4)
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Case 2

Case 8 (b)

Table D3.1
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Controls
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Yielding failure

Rupture failure
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Block Shear Failure Mode: 

 This failure occurs due to the tearing out of a segment of the tension member or the connecting element from

the rest of the connection.

 The failure planes usually occur:

1. Along the centerlines of the bolt holes for bolted connections.

2. Along the outline of the welds for welded connections.
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 Failure in block shear can occur by:

1. A combination of shear yielding plus tensile rupture.

2. OR by a combination of shear rupture plus tensile rupture.
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From AISCM Section J4.2

 The nominal strength based on shear yielding is

 The nominal strength based on shear rupture is
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From AISCM Section J4.3

Shear 

rupture 
Shear 

yielding 
Tensile

rupture 
Tensile

rupture 
+ +

Smallest controls
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below.

Consider
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1 hole1/2 hole

1/2 hole

1/2 hole

2-4
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𝑡𝑤 = 0.22 𝑖𝑛 (𝐴𝐼𝑆𝐶𝑀 𝑇𝑎𝑏𝑙𝑒 1 − 5 𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝐶8𝑋11.5
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Controls

∅𝑷𝒏 = 𝟏𝟏𝟗 𝑲𝒊𝒑𝒔 > 𝑷𝒖 = 𝟕𝟓 𝑲𝒊𝒑𝒔 …… .𝑶𝒌𝒂𝒚

∅𝑷𝒏 = 𝟕𝟎. 𝟑 𝑲𝒊𝒑𝒔 < 𝑷𝒖 = 𝟕𝟓 𝑲𝒊𝒑𝒔
𝑻𝒉𝒆 𝒄𝒉𝒂𝒏𝒏𝒆𝒍 𝒊𝒔 𝑵𝑶𝑻 𝒂𝒅𝒆𝒒𝒖𝒂𝒕𝒆 𝒊𝒏 𝒃𝒍𝒐𝒄𝒌 𝒔𝒉𝒆𝒂𝒓Controls
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DESIGN OF TENSION MEMBERS 

1. Calculate the maximum factored tension loads on the member, 𝑃𝑢.

2. Determine the minimum gross area from the tensile yielding failure mode equation

3. Determine the minimum net area from the tensile rupture failure mode equation 

where the net area is found from equation

Therefore, the required gross area for the tensile rupture failure mode is:
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4. Use the larger 𝐴𝑔 value from step (2) and step (3), and select a trial member size based on the larger value of 𝐴𝑔.

5. For tension members, AISC specification Section D1 suggests that the slenderness ratio  
𝐿𝐶

𝑟𝑚𝑖𝑛
=

𝐾𝐿

𝑟𝑚𝑖𝑛

should be less than 300 to prevent flapping or flutter of the member,

Where:

K = Effective length factor (usually assumed to be 1.0 for tension members),

L = Unbraced length of the tension member, and

rmin = Smallest radius of gyration of the member.

The smallest radius of gyration for rolled sections can be obtained from part 1 (tables) of the AISCM
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6. Determine the block shear capacity of the selected tension member 
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Example:
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D3.1

Case 8- (a)
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From AISCM Table (1-7)
1. All angles with thickness (t=1/4 in) 

have Ag< 4.86 in2

2. All angles with thickness (t=5/16 in) 
have Ag< 4.97 in2

3. All angles with thickness (t=3/8 in) 
have Ag< 5.08 in2

Ag= 5.99 in2>5.19 in2 ok. Ag= 5.77 in2>5.3 in2 ok. Ag= 5.80 in2>5.3 in2    ok. 

From AISCM Table (1-7) see next slides
Minimum of rx, ry, rz for 

each section   



Dr. Ra'ed Al-Mazaidh 60



Dr. Ra'ed Al-Mazaidh 61



Dr. Ra'ed Al-Mazaidh 62

0.863 in.
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Structural steel elements are sometimes subjected to concentric compressive axial loads without any

accompanying bending moment; Some examples include:

 Truss web members, compression chords of some trusses

 Struts

 compression members in concentric and eccentric braced frames such as X-braces and Chevron braces,

and some columns in buildings

INTRODUCTION 
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Struts, tie rods, and columns at an airport entrance canopy 
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The common shapes used for columns are:

o Wide flange sections (i.e., I-shapes)

o Round and square hollow structural sections (HSS).

o Built-up sections (e.g., box sections) are used as columns in high-rise buildings
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Failure modes of compression members 

 Flexural buckling:

 In this failure mode, the member bends globally between lateral supports and buckles about its weaker

axis (i.e., the axis with the larger slenderness ratio) because of the presence of the axial compression load.

 This limit state is usually applicable to compression members comprised of non-slender elements, and the

failure mode can be either elastic buckling or inelastic buckling depending on the slenderness ratio of

the member. This limit state is covered in AISC Specification Section E3.

Flexural buckling about weak axis  

Flexural buckling about strong axis  
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 Torsional buckling

 It involves twisting about the longitudinal axis of the member without any lateral displacement. 

Examples of sections susceptible to torsional buckling include cruciform shapes. See AISC Specification E4. 
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 Lateral-torsional or flexural-torsional buckling:

 It is a combination of the above two failure modes.

 It is common in wide flange sections.

 It is caused by the flexural compression stresses on the compression flange of a beam or column with

large unbraced lengths.

 Torsional and flexural buckling limit state applies to singly symmetric and non-symmetric members and

some doubly symmetric members such as cruciform-shaped columns with non-slender elements.

 The flexural and torsional buckling limit state for members with non-slender elements is covered in AISC

Specification Section E4.
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 Local buckling

 It occurs where the component elements of the structural member such as the web and the flanges are 

slender and can buckle locally (i.e., web local buckling and flange local buckling) in contrast to the global 

buckling that occurs in the first three failure modes discussed previously (see AISC Specification Section E7). 
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EULER CRITICAL BUCKLING LOAD 

……….(1)

……….(2)

(2) (1)

……….(3)

(3)

……….(4)
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……….(5)

(4)

(5)

(4)
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𝑃𝑒 =
𝜋2𝐸𝐴𝑟2

𝐿2

𝜎 =
𝑃

𝐴

This equation assumes that the ends of the column are pinned. For other end conditions, an

adjustment or effective length factor, K, is applied to the column length
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COMPRESSION MEMBER STRENGTH 

The AISC Specification defines the design compressive strength of a column for the flexural buckling limit state as follows :

The nominal axial compression strength is given as:
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AISC equation E3-2

AISC equation E3-3
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LOCAL BUCKLING OF COMPRESSION MEMBERS

 Local buckling due to the slenderness of the component elements a compression member leads to a

reduction in the strength of the member and prevents it from reaching its full axial compression capacity

 To avoid or prevent local buckling, the AISC specification prescribes limits to the width-to-thickness ratios

(𝜆𝑝 ) of the plate elements that make up the compression member. These limits are given in section B4 of the

AISC Specification.

 In Section B4 of the AISC Specification, compression members subject to axial compression can be 

classified with regard to local stability as follows (see Table 5-1 or AISCM Table B4.1a):

• Nonslender elements, or

• Slender element sections.
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ANALYSIS PROCEDURES FOR COMPRESSION MEMBERS 
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(4-22)

(4-22)
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EXAMPLE 1

Both ends are pinned

Table 2-4

Solution

Table 1-1 AISCM
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(Table 1-1 AISCM)

Flange

Web

You can also get these values from 
table 1-1 AISCM……See previous slide
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(4-22)

(4-22)
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WF sections (Table 4-1)
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Example

AISCM Table (1-12)

Fy= 46 Ksi 13.5 ft.

13.5 ft.

(13.5 ft.)(12)
52.26<200

(13.5)=13.5 ft.
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AISCM Table (1-12)

is:

Recall

46
35.1 OK

46
118.2

52.26<118.2

𝐹𝑐𝑟 = (0.658
𝐹𝑦

𝐹𝑒) 𝐹𝑦 = (0.658
46

104.8 )(46)= 38.28 Ksi

(52.26)2
104.80 Ksi

(38.28)(10.4)= 398.11 Kips

(0.9)(398.11)= 358.3 Kips
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(4-22)

(4-22)

52.26 and  Fy=46 Ksi 34.45 Ksi is obtained

(34.45) (10.4)= 355.3 Kips 
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52.26 34.45
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HSS sections (Table 4-4)

Fy=46 Ksi 13.5 ft.

358 Kips for Fy=46 Ksi
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DESIGN PROCEDURES FOR COMPRESSION MEMBERS 

a)

b)

c)
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EXAMPLE

AISCM Table (2-4)

Using LRFD Method,
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EXAMPLE

Select a W12 column of 

Select W12X72

4. W12X72, the radius of gyration about x-axes are:

rx=5.31 in.,   ry=5.31 in. , and

rx/ry=1.75 (from AISCM Table 4-1);

thus, the effective length for buckling about the x- and 

y-axes, respectively, are:

794.5 Kips    (see the next slide -red color circles)
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12.5 ft

14.3 ft
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W12X72

759

735

752 Kips < NOT OKAY

Select another section heavier than W12X72

X 72,

Select W12X79

752
See the previous slide (blue color 
circles)
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See next slide
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14.3 ft


