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                                                           Design of steel structure 

References: - 

1- "Steel Design" 6th edition  byWilliam T. Segui  

2- Bresler and lin: "design of steel structures". 

3- J McCormac: "structural steel design". 

4- J Bowels: "structural steel Design". 

5- Charles G. Salmon: "steel structures" design and behavior. 

6- AISC manual: "manual of steel construction". 

Syllabus: - 

1- Introduction, material and properties. 

2- Tension member. 

3- Compression member. 

4- Truss, Purlins, Joint construction. 

5- Columns. 

6- Column base plates and beam bearing plates. 

7- Anchor bolts. 

Why do we design steel structures? 

1- It takes less time to construction. 

2- It is easier to construct. 

3- It can be constructed under any weather conditions. 

4- Used for long spans. 

5- Has high strength. 

6- Performance. 

7- Ductile. 

8- Occupy less area. 

9- Less dead loads. 

10- Used for structures subjected to vibration. 

 

 

Disadvantages: - 

1- Cost of maintenance. 

2- Cost of fire proofing. 

3- Stiffening against buckling. 
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 Design procedure: - 

1- Functional planning. 

2- Preliminary structural arrangement. 

3- Establishment of loads. 

4- Preliminary member selection. 

5- Structural analysis to ascertain whether member selected are safe but not 

excessively so. 

6- Evaluation: are all requirements are satisfied? 

7- Redesign. 

 

 Structural loads:- 

1. D.L = wt. of the structure. 

2. L.L = human occupants, furniture's, movable loads. 

3. Impact = dynamic effect. 

4. Snow load = 20
𝐈𝐛

𝐟𝐭𝟐 

5. Wind load. 

6. Earthquake. 

7. Temperatures. 

1- Dead loads (DL):- 

It is a fixed position gravity load, the weight of the structure is considered dead 

load, as well as attachments such as pipes, electric conduits …….. . 

2- Live loads (LL):- 

Gravity loads acting when the structure is in service, but varying in magnitude 

& location. 

The (LL) is prescribed by state & local building codes. 

 

 

3- Wind load (WL):- 

All structures are subject to wind load, which is usually considered for buildings 

more than 3-4 stories high and large bridge. 

It is in the form of pressure on the wind word and suction on the Leeward side. 
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q =
1

2
𝜌v2 

q = dynamic pressure on the object (Psf) 

𝜌 = mass desity of air 

V = wind velocity (mile per hour) 

q == 0.0026 (Kz)(Kzt)(Kd)V2 I       Ib/ft2    ASCE     7-02 

“q” is converted into equivalent static pressure “p”:- 

Snow load, gravity load:- 

- For steeper slopes – Less snow can accumulate. 

- Full or partial snow load can be considered. 

- Basic snow Load 30-40 Psf. 

Earthquake Load:- 

Consists of horizontal & vertical ground motions. 

Impact:- 

Refers to dynamic effect of a suddenly applied load. 

Like crane & various types of machinery. 

Temperate effort:- 

Coef. of expansion  =11.25 × 10−6 per ℃ 

∆L =  α(±∆T)L 

 

 

    

Structural steel: - 

 Steel is an alloy of primarily iron, carbon and small amount of other 

components (manganese, nickel……..). 

  Carbone contributes to strength but reduce ductility. 

 The important characteristics of steel for design are: - 

1- Yield stress Fy. 

2- Fu. 

3- Modulus of elasticity Es. 

4- Coefficient of thermal expansion. (𝛂) 

Steel tests: - 

1- Tensile test. 
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2- Chemical test. 

3- Impact test. 

4- Hardness test. 

5- X-ray test. 

 

 

 

 

 

 Tensile test: - 

Stress = 
𝐏

𝐀
 

Strain = 
𝑙𝑢−𝑙0

𝑙0
  

𝑙𝑢is the new length. 

 

 

 

 

 

 

 

ASTM designation: 

 Structural steel is classified as:- 

1- Carbon steel. 

2- High strength low alloy steels. 

3- Corrosion resistance, high strength, low alloy. 
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Structural shapes: - 
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                            Design criteria: - 
1- Elastic method. (Allowable strength design (ASD)) 

2- Load and resistance factor design LRFD. 

3- Plastic method. 
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1- Elastic design method (working stress design W.S.D): Safety is obtained 

by specifying that the effect of loadings should produces stresses that is a fraction 

of yield stress.- 

Max stress due to working loads does not exceed allowable stress. 

fb =   
mc

I
   ≤    Fb =

Fy

f.s
          → AISC 1989 → F. s = 1.67 

 

calculated stress      allowable stress 

So,     Fb=0.6Fy   allowable stress                 M=Fb
𝐼

𝐶
 

                                                       M = Fb S  

Factor of safety: - 

Strength of any member > the expected force carried by the member. 

F.s = 
Fy

Pemissible stress
 

 

 

2- Plastic design: The strength or safety is dealt with applying factors to the 

loading. 

M(Fs) ≤  Mu 

 

actual plastic strength can be achieved  

∴  Mp = z fy 

Z = plastic section modulus 

bd2

4
for rectangular shape. 

See part 2 of “AISC” 1989 uses Fs = 1.7 or 1.3 

wu = 1.7 (WD.L + WL.L) 

wu = 1.3 (WD.L + WL.L + WW.L or WE) 

LRFD: The basic LRFD provision is provided in Section B3.1 of the Specification as 

Ru ≤ φRn (AISC B3-1)- 

Factored strength > factored loads 

Σ (Loads * factors) ≤ resistance * R factor 

Each load has a different factor. 

 Resistance factor is introduced to account for uncertainties in materials strengths, 

dimensions, and workmanship. 

Wu

mp

mp
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U1 =  1.4 D 

U 2 =  1.2 D + 1.6 L + 0.5(Lr or S or R) 

U3 =  1.2 D + 1.6 (Lr or S or R) + 0.5 L or 0.5 w 

U 4 =  1.2 D + W +   0.5(Lr or S or R) 

U5 =  0.9 D + W 

In combinations 3 and 4, the load factor on L should be increased from 0.5 to 1.0 

if L is greater than 100 pounds per square foot and for garages or places of public 

assembly. 

In combinations with wind load, you should use a direction that produces the worst effect. 

 

In all load combinations, the load factor for a certain load effect is not the same. For 

example, the load factor for the live load L in combination 2 is 1.6, but it is 0.5 in 

combination 3. The reason for this is that in combination 2, the live load is assumed to be 

the major effect, whereas in combination 3, one of the three effects, Lr, S, or R, will be 

dominant. 

 

 

Example : 

A column (compression member) in the upper story of a building is subject to the following 

loads: 

 

        Dead load:         109 kips compression 

        Floor live load:   46 kips compression 

        Roof live load:   19 kips compression 

        Snow:                 20 kips compression 

 

 Determine the controlling load combination for LRFD and the corresponding factored load. 

 

Combination 1:    1.4D = 1.4(109) 5 152.6 kips 

Combination 2:    1.2D + 1.6L + 0.5(Lr or S or R). Because S is larger than Lr 

and R = 0, we need to evaluate this combination only once, using S. 

 

                           1.2D + 1.6L + 0.5S = 1.2(109) + 1.6(46) + 0.5(20) = 214.4 kips 

 

Combination 3: 1.2D 1 1.6(Lr or S or R) 1 (0.5L or 0.5W). In this combination, we use S 

instead of Lr , and both R and W are zero. 

 

                          1.2D + 1.6S + 0.5L = 1.2(109) + 1.6(20) + 0.5(46) = 185.8 kips 

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

to 1.2D + 0.5L + 0.5S, and by inspection, we can see that it produces a smaller result than 

combination 3. 

Combination 5 does not apply in this example, because there is no wind load to counteract 

the dead load. 

 

              Combination 2 controls, and the factored load is 214.4 kip 
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Both ASD, LRFD procedures are based on limit states design principles which provide the 

boundaries of structural usefulness. 

 The term limit state is used to describe a condition of which a structure or a part of 

a structure ceases to perform its intended function. 

 There are two categories of limit states: - 

1. Strength. 

2. Serviceability. 

Strength →load caring capacity, yielding, fracture… . 

Serviceability → deflection – cracking - ……….. . 

 All limit states should be prevented. 

 

 Computation of loads for LRFD & ASD. 

 

1. LRFD: - 

(Reduction factor 𝜙)(nominal strength of member ≥ computed factored force in member 

Ru . 

𝜙 Rn ≥  Ru 

where Rn is nominal strength (theoretical strength)with no safety factors or resistance 

factors. 

  (ϕ  )   is a resistance factor or reduction factor, varies as follow: 

                           

Limit state of                ϕ       AISC  2005            

Tensile yielding 0.9 D-2 

Tensile rupture 0.75 D-2 

Compression 0.9 E1 

Beam- flexure 0.9 F1 &E1 

Beam- shear 0.9 F1 &E1 

Weld Same as for type of 

action 

J2-5 

Fastener 0.75 J3-6     J3-7 

 

2. ASD: - 

strength of member

Factor of safety Ω
 ≥ largest computed force Ra 

Rn

Ω
 ≥  Ra 
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  Steel designations: - 

W 24-305 → wt. of beam  in
𝐥𝐛

𝐟𝐭
   

          

S 20 – 150 → wt. 

 

Standard section 

 Specifications:- 

1. AISC 2005  

2. AREA           

3. AASHTO  

- We shall use (AISC 2005) 
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                                                  Chapter one 

                                      Tension members 

 

 Tension members are encountered in most steel structures. 

 Tension members may consist of a single structural shape or they may be 

built up from a number of structural shapes. 

 

      Built up section will be required when: - 

a. Tensile capacity of a single rolled section is not sufficient. 

b. The slenderness ratio does not provide sufficient rigidity. 

 

Strength as a design criterion: - 
 Tension member without hole (such as welded connection) achieves its strength 

when all fibers of the cross section have yielded. 

i.e. the tensile steel distribution is uniform at ultimate strength. 

Tu = Fy Ag 

                                               Ag → gross section area. 

 For tension member having holes such as rivets, the reduced cross section is referred 

to as the “Net area”. 

 

 A ductile steel member without holes and subjected to a tensile load can resist 

without fracture a load larger than its gross cross – sectional area × Fy because of 

strain hardening. 

 With holes → fails by fracture at the net section through the holes. 

 

Yielding failure

Ag
 

 
Design strength:     A tension member may fail in: 

         1- Excessive deformation that can occur due to yielding of the gross area. 

         2-Fracture of the net area can occur if the stresses in the net section reach Fu . 
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the object is to prevent the two fractures. 

■ The design strength will be the lesser of two values. 

    

 

 

For the limit state of yielding in the gross section. 

LRFD ASD 

𝝓𝒕 𝑷𝒏 = 𝝓𝒕 𝑭𝒚 𝑨𝒈 

𝝓𝒕 = 𝟎. 𝟗 

𝑃𝑛 = 𝐹𝑦 𝐴𝑔 
𝑃𝑛

Ωt
 =  

𝐹𝑦 𝐴𝑔   

Ωt
           Ω = 1.67 

 For tensile rupture, net section is used: - 

LRFD ASD 

𝝓 𝑷𝒏 = 𝝓 𝑭𝒖 𝑨𝒆 

𝝓𝒕 = 𝟎. 𝟕𝟓 
 

𝑃𝑛 = 𝐹𝑢 𝐴𝑒 
𝑃𝑛

Ωt
 =  

𝐹𝑢 𝐴𝑒

Ω
 

Ω = 2.0 

 

Net area: - 
The term “net cross – section area” refers to the gross cross sectional area of       

member, minus any holes. 

 An = Ag – area of holes. 

 there are four types of holes (standard holes, oversized, short and long 

slotted). So for standard holes: 

 The hole is drilled as 1/16 in larger than the diameter of the bolt , 

 Nominal hole diameter = dia. of bolt + 
1

16
 

 Due to punching of a hole, the material damage will extend to 
1

16
 around 

the hole. 

 So, the area of the hole = bd+
1

8
𝑖𝑛𝑐ℎ(for standard holes only) 

 Holes causes stress concentration. 

 

 

 Ex.1:- Determine the net area of the
𝟑

  𝟖  
 × 8 inch plate, connected by two 

lines of 3/4-in bolts.(standard holes) 
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Net area =  An=( 
3

8
× 8)-2(

3

4
+

1

8
)(

3

8
)=2.34 in2 

 

Specification: -AISC chapter 5 

 

Effective net area: -(Ae) (B-3) 

* The connection is a region of weakness in tension member. 

*For a tension member, if the forces are not transferred uniformly across a 

    member (not connected through the whole section), there will be a transition 

    region of uneven stresses from the connection into the member. In the 

     transition zone, shear transfer has "lagged" called "shear lag". 

 

     For example: for the below figure: 

 

   
                             

     *the connected part to the gusset plate is fully stressed while the unconnected 

       part is not so. 

     *net effective area will be used =⨆An            AISC  2005 Equation  D3-1 

Ae = An when the load is transmitted directly to each of the cross – sectional elements by 

connectors. 
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        𝑈 = 1 −  𝑥/𝐿 ≤   0.9 

   where L =distance between the first and last bolt in the line. 

                ■ When there are two lines of bolts ,  L  is the length of the line with maximum 

                    number of bolts.                           

            x = the distance measured from the plan of connection to the centroid of the whole 

                 section. 

 

 

 

 

             bolted or welded member: 

a) When the load is transmitted by bolts or rivets through some but not all of the cross- 

sectional elements of the member, then: - 

Ae = ⨆An        (B3 – 1) AISC 

 U is the reduction coefficient which have the following values: - 

⨆ = 0.9  W, M, S, shapes with bf ≥
2

3
d; the connection is to the flanges with not 

less than three per line in the direction of stress. 

⨆ = 0.85     W, M, S, shapes with bf <
2

3
d; the connection is to the flanges with not less 

than three per line in the direction of stress. 

and use AISC table: 
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b-When the load is transmitted by welds through some but not all of the cross 

sectional elements then: - 

1- If the load is transmitted by transverse welds, for W, M, and S shapes then. 

Ae = is the area of the directly connected elements. 

 

2- If the load is transmitted to a plate by longitudinal welds along both edges, then: - 

Ae = ⨆ Ag         (B3 - 2) 

⨆ = 1             𝑙 ≥ 2𝑤 

⨆ = 0.87 2𝑤 > 𝑙 ≥ 1.5 𝑤 

⨆ = 0.75      1.5 𝑤 > 𝑙 ≥ 𝑤 

   

 

        

   w = plate width (distance between welds), in 

 

 
3-  

 
4-    

 
 

W
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*slenderness ratio :    

For tension member whose design is based on tensile force: 
𝐿

𝑟
≤300       where  "r" is radius of gyration=  √

𝐼

𝐴
 

 

 

  

Effect of staggered holes: - 

- When there are more than one row of bolts in a member it is often desirable to 

stagger them to provide a larger net area at any section. 

- Several failure planes should be considered. 

 In the fig. below, the failure line is along the section  AB 

 

 
 

 

 But for a staggered holes, as shown below the failure may be along path 

ABE or ABCD. 

 

 
 

 

  AISC offers very simple method for computing the net width of a tensile member a 

long a zigzag section. 



~ 19 ~ 
 

 The dia. Of the hole= bolt dia. + 
  1  

8
 

- The method is: the gross width of the member, subtract the dia. Of the holes along 

the zigzag path + 
s2

4g
 

- Then, the one which gives the least value should be considered. 

 

    Ex.2:     Determine the critical net area of the 
𝟏

  𝟐  
 𝐢𝐧.Thick plate shown in fig. below, 

using the AISC specification: the holes punched (standard holes) for 
𝟑

  𝟒  
 𝐢𝐧. bolts. 

 

 
 

 

Critical path could be: - 

- ABCD, ABCEF, ABEF 

- Hole dia. to be subtracted =  
  𝟑  

 𝟒
+

  𝟏  

 𝟖
=

  𝟕  

 𝟖
 𝐢𝐧 

- Net widths 

ABCD =  𝟏𝟏 − 𝟐 ×
  𝟕  

 𝟖
= 𝟗. 𝟐𝟓 𝐢𝐧 

ABCEF=  𝟏𝟏 − 𝟑 ×
  𝟕  

 𝟖
+

𝟑𝟐

𝟒×𝟑
 = 𝟗. 𝟏𝟐𝟓 𝐢𝐧   control 

ABEF =  𝟏𝟏 − 𝟐 ×
  𝟕  

 𝟖
+

𝟑𝟐

𝟒×𝟔
 = 𝟗. 𝟔𝟐𝟓 𝐢𝐧 

∴ 𝐀𝐧 = 𝟗. 𝟏𝟐𝟓 ×
  𝟏  

 𝟐
𝐢𝐧 = 𝟒. 𝟓𝟔 𝐢𝐧𝟐 answer 

 

EX. 3:     Compute the smallest net area for the plate shown below: The holes 

                   are for 1 in. diameter bolts. 
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• The effective hole diameter is 1 + 1/8 = 1.125 in.  

• For line a-b-d-e  
w

n 
= 16.0 – 2 (1.125) = 13.75 in.  

• For line a-b-c-d-e  

w
n 
= 16.0 – 3 (1.125) + 2 x 3

2
/ (4 x 5) = 13.52 in.  

• The line a-b-c-d-e governs:  

• A
n 
= t w

n 
= 0.75 (13.52) = 10.14 in

2
 

 

Ex.4:        Determine the strength of a W10*45 with two lines of 
𝟑

𝟒
𝐢𝐧 diameter 

               bolts in each flange using A572 Gr. 50 steel, with 𝐅𝐲 = 50 ksi and 

                𝐅𝐮 = 65ksi and AISC specification. 

There are assumed to be at least three bolts in each line 4-in on center, and the bolts are not 

staggered. 

 

 

 

 

 

 

 

Solution: - W 10*45 (Ag = 13.3 𝐢𝐧𝟐 , d = 10.10 in , 𝐛𝐟 = 8.02 , 𝐭𝐟 = 0.62 in ) 

 a-Nominal tensile strength:𝑷𝒏 = 𝑭𝒚𝑨𝒈  = 𝟓𝟎 × 𝟏𝟑. 𝟑 = 𝟔𝟔𝟓 𝒌 

LRFD ASD 

𝝓 𝑷𝒏 = 𝟎. 𝟗 × 𝟔𝟔𝟓 = 𝟓𝟗𝟖. 𝟓 𝒌 

 

𝑃𝑛

F. S
 =  

665

1.67
= 398.2 𝑘 

 

b-Tensile rupture strength: - 

An = 13.3 − 4 (
3

4
+

1

8
) (0.620) = 11.13 in2 

 U = 0.9 

Because  bf = 8.02 >
2

3
 d = (

2

3
) (10.1) = 6.73 in 

∴  Ae = UAn = (0.9)(11.13) = 10.02 in2 

Pn =  FuAe  = 65 × 10.02 = 651.3 k 
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LRFD       𝝓𝒕 = 𝟎. 𝟕𝟓 ASD   F.S = 2 

𝝓 𝑷𝒏 = (𝟎. 𝟕𝟓)(𝟔𝟓𝟏. 𝟑) = 𝟒𝟖𝟖. 𝟓 

𝑃𝑛

F. S
 =  

651.3

2
= 325.6 𝑘 

 

Ans.        LRFD = 488.5                                     ASD = 325.6 k 

 

 

Ex.5        A 𝟓 ×
𝟏

𝟐
𝐢𝐧 bar of A 572 Gr 50 steel is used as a tension member. It is 

connected to a gusset plate with six 
𝟕

𝟖
 𝐢𝐧  diameter bolts as shown in the figure. 

Assume that the effective net area 𝐀𝐞 =  𝐀𝐧 and compute the tensile design 

strength of the member.Fu=65ksi 

 

 

 

 

Solution: - 

Gross area = Ag  = 5 ×
1

2
= 2.5 in2 

Net area (An): 

Net hole diameter = 
7

8
+

1

8
= 1 

Net section area = An =  (5 − 2(1))
1

2
= 1.5 in2 

a) Gross yielding design strength  

Nominal tensile strength = FyAg  = 50 × 2.5 = 125 kips 

LRFD     𝝓𝒕 = 𝟎. 𝟗 ASD   F.S = 1.67 

𝝓 𝑷𝒏 = 𝟎. 𝟗 × 𝟏𝟐𝟓 = 𝟏𝟏𝟐. 𝟓 𝒌 
125

1.67
= 74.85 

  

b) Tensile strength rupture (𝐀𝐧 =  𝐀𝐞) 

LRFD     𝝓𝒕 = 𝟎. 𝟕𝟓 ASD   F.S = 2 

𝝓 𝑷𝒏 = 𝝓 𝑭𝒖𝑨𝒆 

= 𝟎. 𝟕𝟓 × 𝟔𝟓 × 𝟏. 𝟓 

= 𝟕𝟑. 𝟏𝟐𝟓 

𝑃𝑛

F. S
 =  

𝐹𝑢𝐴𝑒

2.0
 

=
65 × 1.5

2
= 48.75 

 

 

So,  net section failure control. 
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Ex.6: A single angle tension member, L4*4*3/8 in. made from A36 steel is 

connected to a gusset plate with 5/8 in, diameter bolts, as shown in the figure 

below. The service loads are 35k dead load and 15k live load. Determine the 

adequacy of this member using AISC(LRFD) specification. 

 Assume Ae= 0.85 An .Fu= 58 ksi 

 

 

 
 

 

solution:                       Ag=2.86 in2. 

 

Hole diameter for calculating net area=5/8 in+1/8=  
3

   4
 in 

An=Ag- ( 
  3

4
*

3

8
) = 2.86- ( 

  3

4
*

3

8
) =2.579 in2 

Ae=  0.85* 2.579 =2.192 in2 

gross yielding design strength = ϕt*Ag*Fy = 0.9*2.86*36 =92.664k 

 

net section fracture = ϕt*Ae*Fu= 0.75*2.192*58= 95.352 k 

 

Design strength= 92.664 k 

Pu1=1.4D= 1.4*35= 49k-----------1 

 

Pu1=1.2D+1.6L= 66k---------------2  controls 

 



~ 23 ~ 
 

 

but designed strength 92.664  >  ultimate designed load 66k 

 

So, the given angle is adequate. 

 

 
Ex.7:  Compute the LRFD and the ASD allowable strength of the angle shown in the fig. below. It is 

welded on the ends and sides of  the 8-in leg only. Fy=50ksi        Fu=70ksi 

 

 
 

solution:  

nominal tensile strength of (L)    Pn=FyAg=50*9.94=497k 

a-     gross section yielding: 

 

LRFD     𝝓𝒕 = 𝟎. 𝟗 ASD   F.S = 1.67 

𝝓 𝑷𝒏 = 𝟎. 𝟗 × 𝟒𝟗𝟕 
= 𝟒𝟒𝟕. 𝟑𝒌 

497

1.67
= 297.6𝑘 

  

 

b-     Tensile rupture strength:    one leg is connected-----Ae should be computed 

 

U=1-
𝑥

𝐿
 =  1- 

1.56

6
= 0.74 

Ae= Ag*U=   9.94*0.74   =     7.36in2 

Pn=  FuAe=      70*7.36    =     515.2k 

LRFD     𝝓𝒕 = 𝟎. 𝟕𝟓 ASD   F.S = 2 

𝝓 𝑷𝒏 = 𝝓 𝑭𝒖𝑨𝒆 

= 𝟎. 𝟕𝟓 × 𝟓𝟏𝟓. 𝟐 = 𝟑𝟖𝟔. 𝟒𝒌 

𝑃𝑛

F. S
 =  

𝐹𝑢𝐴𝑒

2.0
 

=
515.2

2
= 257.6𝑘 

 

 

Ans,     LRFD = 386.4k                                     ASD=  257.6k 
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Ex.8 :The 1*6 in plate shown below is connected to a 1*10 in plate longitudinal fillet welds 

to transfer a tensile load. Determine the tensile strength of the member . Fy=50 ksi,     Fu=65 

ksi 

 
 

 

solution:         consider the tensile strength of the smaller plate 1*6 in 

                     Pn= Fy*Ag=50*(1*6) =  300k  

a-     Gross section yielding 

LRFD     𝝓𝒕 = 𝟎. 𝟗 ASD   F.S = 1.67 

𝝓 𝑷𝒏 = 𝟎. 𝟗 × 𝟑𝟎𝟎 = 𝟐𝟕𝟎𝒌 
 

300

1.67
= 179.5𝑘 

b-  tensile rupture strength: 

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

∴ 𝑈 = 0.75 

Ae= (6  in2)(0.75)=  4.5in2 

Pu=FuAe=65ksi * 4.5 in2 = 292.5k 

  

LRFD     𝝓𝒕 = 𝟎. 𝟕𝟓 ASD   F.S = 2 

𝝓 𝑷𝒏 = 𝝓 𝑭𝒖𝑨𝒆 

= 𝟎. 𝟕𝟓 × 𝟐𝟗𝟐. 𝟓 = 𝟐𝟏𝟗. 𝟒𝒌 

𝑃𝑛

F. S
 =  

𝐹𝑢𝐴𝑒

2.0
 

=
292.5

2
= 146.2𝑘 

 

 
Ans.          LRFD=219.4k                                            ASD=146.2k 

 

Ex. 9:        Determine the design strength of an ASTM A992 W8 x 24 with four lines if ¾ 

in. diameter bolts in standard holes, two per flange, as shown in the Figure below.  

Assume the holes are located at the member end and the connection length is 9.0 in. Also 

calculate at what length this tension member would cease to satisfy the slenderness 

limitation in LRFD specification B7  
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Solution:  

 

 

• For ASTM A992 material: F
y 
= 50 ksi; and F

u 
= 65 ksi  

• For the W8 x 24 section:  

- A
g 
= 7.08 in

2         
d = 7.93 in.  

- t
w 

= 0.245 in.      b
f 
= 6.5 in.  

- t
f 
= 0.4 in.          r

y 
= 1.61 in.  

• Gross yielding design strength = φ
t 
P

n 
= φ

t 
A

g 
F

y 
= 0.90 x 7.08 in

2 
x 50 ksi = 319 kips  

• Net section fracture strength = φ
t 
P

n 
= φ

t 
A

e 
F

u 
= 0.75 x A

e 
x 65 ksi  

- A
e 
= U A

n 
- for bolted connection  

- A
n 
= A

g 
– (no. of holes) x (diameter of hole) x (thickness of flange)  

A
n 
= 7.08 – 4 x (diameter of bolt + 1/8 in.) x 0.4 in.  

A
n 
= 5.68 in

2 
 

- U = 1 - 
𝑥

𝐿
≤ 0.90 

 

- x can be obtained from the dimension tables for Tee section WT 4 x 12. See page 1-50 

and 1-51 of the AISC manual:  

x = 0.695 in. 

 

- 𝑈 =  1 − 
𝑥

𝐿
  =  1 −  

0.695

9
=  0.923  

 

- But, U ≤ 0.90. Therefore, assume U = 0.90  

• Net section fracture strength = φ
t 
A

e 
F

u 
= 0.75 x 0.9 x 5.68 x 65 = 249.2 kips  

• The design strength of the member is controlled by net section fracture = 249.2 kips  

• According to LRFD specification B7, the maximum unsupported length of the member is 

limited to 300 r
y 
= 300 x 1.61 in. = 483 in. = 40.25 ft.  
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*Staggered bolts in angles:      If staggered lines of bolts are present in both legs of an 

angle, then the net area is found by first unfolding the angle to obtain an equivalent plate. 

This plate is then analyzed like shown below.  

- The unfolding is done at the middle surface to obtain a plate with gross width equal to 

the sum of the leg lengths minus the angle thickness.  

 

 

- AISC Specification B2 says that any gage line crossing the heel of the angle should be 

reduced by an amount equal to the angle thickness.  

 

- See Figure below. For this situation, the distance g will be = 3 + 2 – ½ in.  
 

 

 

 
 

Holes for bolts are drilled at certain standard locations depends on angle- leg widths and on 

the number of lines of holes so, for a designer AISC manual show gages to be used as in the 

below table: 
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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.  

• For example, the single angle tension member connected as shown in the Figure below is 

susceptible to the phenomenon of block shear.  
 

 

 

 

   

    

 

Figure 4.4 Block shear failure of single angle tension member and a W-shape 
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• For the case shown above, shear failure will occur along the longitudinal section a-b and tension failure will occur 

along the transverse section b-c  

 

• AISC Specification (SPEC) Chapter D on tension members does not cover block shear failure explicitly. But, it 

directs the engineer to the Specification Section J4.  

 

Block shear strength is determined as the sum of the shear strength on a failure path and the tensile strength on a 

perpendicular segment.  

 

Strength of Elements in Shear: 

The available shear yield strength of affected and connecting elements in shear the lower value obtained according to 

the limit states of shear yielding and shear rupture: 

(a) For shear yielding of the element: 

Rn = 0.60Fy Ag         ϕ= 1.00 (LRFD)                                   AISC              (J4-3) 

                                                    

 
(b) For shear rupture of the element: 

Rn = 0.6Fu Anv           ϕ = 0.75 (LRFD)                   (J4-4) 

 

                                        

 
•The AISC specification (J4.3) states that the strength Rn for the block shear rupture design strength is as 

follows:  

 
R

n 
= (0.6 F

u 
A

nv 
+Ubs F

u 
A

nt
) ≤ (0.6 F

y
A

gv 
+ Ubs F

u 
A

nt
)  

- Where, φ = 0.75 LRFD                      F.s= 2 ASD 

A
gt 

= gross area subject to tension  

A
nv 

= net area subject to shear  

A
nt 

= net area subject to tension  

Ubs=reduction factor=1 for angles, plates with one line of bolts. 

Where the tension stress is uniform, Ubs = 1            where the tension stress is non-uniform,    Ubs = 0.5. 
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EX. 11.      Calculate the block shear strength (using LRFD) method of the single angle 

tension member considered in Examples 6. The single angle L 4 * 4 * 3/8 in. made from 

A36 steel(Fu=58k) is connected to the gusset plate with 5/8 in. diameter bolts as shown 

below. The bolt spacing is 3 in. center-to-center and the edge distances are 1.5 in and 2.0 in 

as shown in the Figure below.  
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• Step I. Assume a block shear path and calculate the required areas  

- A
gt 

= gross tension area = 2.0 x 3/8 = 0.75 in
2 
 

- A
nt 

= net tension area = 0.75 – 0.5 x (5/8 + 1/8) x 3/8 = 0.609 in
2 
 

- A
gv 

= gross shear area = (3.0 + 3.0 +1.5) x 3/8 = 2.813 in
2 
 

- A
nv 

= net shear area = 2.813 – 2.5 x (5/8 + 1/8) x 3/8 = 2.109 in
2
 

 

• Rn= (0.6 F
u 
A

nv 
+Ubs F

u 
A

nt
)                ≤    (0.6 F

y
A

gv 
+ Ubs F

u 
A

nt
)  

= 0.6 x 58 x 2.109 +(1) (58)(0.609)  ≤   0.6x 36x 2.813 + (1) (58)(0.609)   

                       108.715                         >          96.083 

   ϕ Rn=  0.75x  96.083 k=   72.06k 

Member is still adequate to carry the factored load (P
u
) = 66 kips  

  

 
 

• Important:  

- Any of the three limit states (gross yielding, net section fracture, or block shear failure) 

can govern.  

- The design strength for all three limit states has to be calculated.  

- The member design strength will be the smallest of the three calculated values  

- The member design strength must be greater than the ultimate factored design load in tension. 

 

 Ex. 12: Determine the design tension strength for a single channel C15 x 50 connected 

to a 0.5 in. thick gusset plate as shown in Figure. Assume that the holes are for 3/4 in. 

diameter bolts and that the plate is made from structural steel with yield stress (F
y
) 

equal to 50 ksi and ultimate stress (F
u
) equal to 65 ksi. (use LRFD procedure) 

 

 

 

 

 

 

 

 

 

 

 
limit state of yielding due to tension : 

∅𝑷𝒏 =0.9*50*14.7=662 Kips 
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limit state of fracture: 

An  =  Ag- n de =   14.7-   (4)(7/8)*0.716 =  12.19in2 

 

U=1-x/L=  ( 1- 
0.798

6
) =0.867< 0.9  𝑂𝑘 

 

Ae=UAn  =  0.867* 12.19=  10.57 in2 

∅𝑃𝑛 =   0.75 ∗ 65 ∗ 10.57 = 515 𝐾𝑖𝑝𝑠 

 

. Limit state of block shear rupture: 

 

Rn= (0.6 F
u 

A
nv 

+Ubs F
u 
A

nt
)                ≤    (0.6 F

y
A

gv 
+ Ubs F

u 
A

nt
) 

0.6FuAnv = 0.6*65*{2*(7.5-2.5*7/8)}*0.716  =   296.6925 

 

FuAnt =   65* {9-3*7/8}*0.716  = 296.6925 

 

Rn=  593.385k 

 

𝑅𝑛 =   {0.6 FyAgv 
+  Ubs Fu 

Ant}=  {0.6*50*15*0.716  +  296.6925 =  618.89k 

 

ϕRn= 0.75x 593.385=  445 k     control 

 

Block shear rupture is the critical limit state and the design tension strength is 445kips.  

                                                     Chapter Two 

Fasteners: - 

Every steel structure is an assemblage of many parts or members that must be 

fastened together using welding or fastener, such as rivets or bolts. 

 

Rivets: - 

Un-driven rivets are formed from bar steel (A502 Grade 1 or Grade 2 or Grade 

3) with a head formed on one end. 

 
 

 

Rivets

Hot-driven 

Cold-driven

The rivet is heated to a light cherry-

red color, inserting into a hole. Then 

applying pressure to the preformed 

head & squeezing the other end at 

the same time to form the other end. 

After cooling the rivet shrinks and 

providing a clamping force, No 

clamping force since they do not 

shrink after driving. 
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Grip
Button head Countersunk

headhead
Flatted

 
 

Bolts: - 

1- Unfinished bolts: -called also ordinary bolts, made from carbon steels. 

         These are classified by ASTM as A307 steel. They are used in light 

       structures subjected to static load, secondary or bracing members, purlin. 

        available in 
1

2
 in to 1 

1

2
 𝑖𝑛 .  

2- High – strength bolts: -(having tensile strength two or more times) 

These bolts are tightened to develop a tensile stress in them which results in a clamping 

force on the joint. (made from medium carbon steel).(A-325,  A490). when bolts with 

diameters exceeding 1.5 in or length more than 8 in are required then use A449. 

 See table J 3.2 AISC 2005. For min. pretension for fully tightened bolts. 

 
 

 

 

            

High strength bolts

A 325

A490

A449
Anchor bolts & 

threaded rods. 

 Common diameters 

in building 

3
4⁄

′′
&7

8⁄
′′

. in 

bridge 7 8⁄
′′

&1′′. 
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Allowable stress on the fasteners are given in  table J3.2 

 

Welding: - 

Shielded metal arc welding (SMAW) is one of the oldest welding processes. 

E 60 xx 

E 70 xx 

E 80 xx 

E 100 xx    .  E 110 xx 

electrode wire coating

Electrode.

 
  

 
 Groove weld: - 

Is used to connect structural members that are aligned in the same plane. 

 

 

square Bevel V U

 

Welding

Groove

Fillet

Plug & Slot
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 Fillet weld: - 

 Is the most widely used in of all basic welds. 

 

 

 

T T
size of
the weld D

D
45

D cos45 = effective throat
                      thicknessD 0.70711

 
2-                                           Simple Connections 

Connections are used where the various member ends must be attached to other 

members sufficiently to allow the load to continue an orderly flow to the 

foundation. In this type of connections, is assumed that no moment transfers 

between the connected parts. 

 
 

Simple Connection

Bolted and Riveted

Lap joint Butt joint

Welded

Lap joint Butt joint
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As a result of loading ,the load in the plates will tend to shear the connectors off on the 

plane between the plates and press against the sides of the bolt ,these connectors are said to 

be in single shear. 

 

Bolted and riveted simple connections: - 

If resistance of joints is considered, then there are two types: - 

a) Bearing connection. 

b) Slip-critical connection. 

a) Bearing connection: 

In this connection a sufficient slip occurs at a design load which bring the 

shank of a rivet of bolt into contact with the side of the hole. So the 

resistance of the joint is taken as a combination of the fastener shear 

resistance and the bearing of the connected material against the fastener. 
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b) Slip-critical connection: -needed for joints subj. to fatigue, bolts with weld, 

end members.... (bridges) 

In this connection there is no relative movement between the connected 

parts unless the design load is exceeded. So the resistance of this 

connection is represented by the friction (F = μT) which is produced by 

tightening of the high-strength bolts. 

 After overload and once the frictional resistance is inadequate to transfer 

the load, bearing against the side of the hole will occur. 

 T is also a clamping force. 

 

Size and use of holes:-       J  3.2 
The nominal sizes of holes are given in table J3.1 (5-71) 

 Standard holes, (S.H.), is used for member-to-member connections and in slip-critical 

connections. (Bolt dia. + 1 16⁄
′′

) up to 7/8in dia. And Bolt dia. + 1 8⁄
′′

 for 1in and 

more. 

 Oversized holes, (O.S.H.), Are permitted in slip-critical connections but shall not be 

used in bearing-type connections. 

 Short-slotted holes (S.S.H.) and Long-slotted holes (L.S.H), are permitted in slip-

critical connections and in bearing connections but the length shall be normal to the 

direction of the load. 

 

Bearing - type Connection
 

 
 
Possible modes of failure of bolted connections. 

a) Failure of bolts. b) Failure of plate. 

Shear failure. Shear failure. 



~ 40 ~ 
 

Bearing failure. Bearing failure. 

Tensile failure. Tensile failure. 

Bending failure.  

  

 

 

 
Slip-critical joint, from structural engineering, is a type of bolted structural steel connection which relies 
on friction between the two connected elements rather than bolt shear or bolt bearing to join two structural elements. 

Shear (and tension) loads can be transferred between two structural elements by either a bearing-type connection or 
a slip-critical connection. 

In a slip-critical connection, loads are transferred from one element to another through friction forces developed 
between the faying surfaces of the connection. These friction forces are generated by the extreme tightness of the 
structural bolts holding the connection together. These bolts, usually tension control bolts or compressible washer 
tension indicating type bolts, are tensioned to a minimum required amount to generate large enough friction forces 
between the faying surfaces such that the shear (or tension) load is transferred by the structural members and not by 
the bolts(in shear) and the connection plates(in bearing). The "turn of the nut" method is also widely used to achieve 
that state of friction. 

If slip-critical connections fail (by slipping), they revert to bearing-type connections, with structural forces now 
transferred through bolt shear and connection plate bearing. Thus a slippage failure of a slip-critical connection is not 

https://en.wikipedia.org/wiki/Structural_engineering
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Shear_strength
https://en.wikipedia.org/wiki/Tension_(physics)
https://en.wikipedia.org/wiki/Faying_surfaces
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necessarily a catastrophic failure. However, slippage of a slip-critical connection in columns may lead to column 
instability. Slippage of a slip critical joint in a roof truss could result in unintended ponding effects. 

The faying surfaces of slip-critical connections must be properly prepared in order to maximize friction forces 
between the surfaces joined. Usually this requires cleaning, descaling, roughening, and/or blasting of the faying 
surfaces. Painting the faying surfaces with a class B primer also allows to be in accordance with most of the design 
that ask for Slip-critical joint. 

 

 
 

 

Specifications: 

Min Edge Distance: - AISC specification  (J 3.4)  for standard holes as follows: 
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then for other types of holes, the edge distance is equal to the minimum for 

standard holes ( above table) plus an increment C2 : 

 
 

 

Min. spacing:  minimum center to center distance : - (J 3.3) 

           S ≥ 3d          (S. H. , O. S. H, S. S. H. , & 𝐿. 𝑆. 𝐻. ) 

 

Nominal  bearing strength at bolt holes.  (regarding the member)   (J 3.6a) 

Rn= 1.2 Lc t Fu ≤  2.4d t Fu      if  deformation around the hole is a design consideration. 

and  

Rn= 1.5 Lc t Fu ≤  3d t Fu    if  deformation around the hole is not a design consideration. 

 
Max. Edge distance.     (J 3.5) 

 

𝑙𝑒𝑚𝑎𝑥
= 12 𝑡 

𝑙𝑒𝑚𝑎𝑥
= 6′′ 

  Where   (t)  is  the thickness of the connected part under consideration 

 



~ 43 ~ 
 

Min. Connections.      (J 1.6) 

Connections shall be designed to support not less than 6 kips. 

 

 

Design Calculations: -     LRFD 

1) Fasteners: - 

 The shear resistance of the fastener: -The shear strength ϕ Rn for the bolt 

according to shear rupture as follows:  
 Rn= FvAb  nominal strength 

ϕRn= ϕFvAb       design strength of fastener   where ϕ= 0.75 

 

RS.S =
πd2

4
F𝑣   … … …. for Single shear. 

RD.S = 2 × RS.S. … … ….for Double shear. 

2) Plate or the tension member around the hole: - 

 The design bearing resistance of the plate at the back of the fastener: - 

                                                              . 

 ϕRn=ϕ 1.2 Lc t Fu ≤  2.4d t Fu       where ϕ = 0.75  

 

Table J3-2  nominal stress of Fasteners  in ksi 

 

 

 

3) The design strength of a tension member is the least of : 

a-      ϕFyAg      tensile yield away from the joint.  ϕ=0.9 

b-     ϕFuAe       tensile rupture at the joint.             ϕ=0.75 

c-       block shear. 

d-     the slenderness ratio.  L/r  ≤  300 

e-     bolts or weld strength. 
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the net area may not be taken more than 0.85 Ag 
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Ex.1 : Determine the tensile capacity of bearing type connection shown below if; 

the bolt threads are excluded from the shear plan and 

use bolts 7/8 in dia A325 and  A572 grade 50 plate material with standard holes. Use  

LRFD procedure.(deformation is considered). Fu=65ksi 

    

                     

Solution: 

  Threads are excluded from shear plan: 

A- strength of plates: 

     1-Yielding:   ϕ Tn = ϕFyAg =       0.9 x 50 x 3.75 =168.75  k 

      2-rupture ;     ϕ Tn = ϕFuAe =        0.75 Fu Ae 

An= [6 − 2 (
7

8
+

1

16)
] 0.625 = 2.578 𝑖𝑛 2 

Ae= An=2.578 in 2 

ϕ Tn = 0.75 Fu Ae= 0.75* 65*2.578= 125.7 k   control 

B- Strength of bolts: 

ϕRn=ϕ Fnv*Ab=0.75* 68*0.6013=30.67 k/ bolt    (Rss  single shear)       ( Fv from table ) 

* bearing strength must also be checked. 

ϕRn=   ϕ  (1.2 Lc*t*Fu)  ≤    ϕ(2.4dtFu) 

Lc =    1.5-(
1

2
)(

7

8
+

1

16
) = 1.03        or                  3-(7/8+1/16) =2 in 
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ϕRn= 0.75 (1.2*1.03*0.625*65) =  36.56 k/ bolt < 0.75*2.4*7/8*0.625*65=64 k                                    

and for farthest bolt 

ϕRn= 0.75 (1.2*2*0.625*65) =  73.125 k/ bolt    

Rss< Rb                 Rss = 30.67 k   control 

Total capacity based on bolts= 30.67* 4 bolts= 122.68 k 

So, strength of member = 122.68 k 

End distance Lc should be checked 

The end distance provided 1.5 in satisfies the 1.5in for sheared edge given in table. 

Ex.14: Design the simple single lap joint carrying ultimate tensile load=160 k .(bearing 

type)shown knowing that deformation is considered , use: 

       a-     7/8 in dia. A325 bolts with standard holes.(threads are excluded from shear plan).                   

        b-    A-36 steel.  Fu = 58 ksi          c-    5/8 in plate is available                  

Solution: 

Ag= 
𝑇

0.9𝐹𝑦
=

160

0.9∗36
= 4.95 in2 

An= 
𝑇

0.75𝐹𝑢
=

160

0.75∗58
=    3.67 in2 

An ≤ 0.85 Ag        Ag= 
𝐴𝑛

0.85
 = 

3.67

0.85
 = 4.33 in2 

Ae=An 

w*t =4.95 in2 

w = 
4.95

5/8
 = 8"      

Ag= 8* 5/8 = 5 in2 

Rss=0.75* ( π/4 * ((
7

8
)2) 60 = 27 

Le= 1.5 in  from table 

R bearing =ϕ(1.2*Lc*t*Fu)       ≤                             ϕ( 2.4*d*t*Fu) 

= 0.75*1.2*(1.5-0.5)*
5

8
 *58= 32.625 k/bolt           <     0.75*2.4*

7

8
*

5

8
∗ 58 =  57.1 k/bolt 
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no. of bolts required = 160/27 =5.9        use 6 bolts 

Spacing:      S ≥  3d = 3*7/8 = 2.625 in 

                    S = 2.75 in   

 

 

now width of plate =(2*2.75)+(2*1.5) =8.5 in  check:        

T 1-1 = [ 8.5 - 3(
7

8
+

1

8
)] 

5

8
 *0.75*58 = 149.53 k 

 

T 2-2= [8.5- 3(
7

8
+

1

8
) + 2

(2.75)2

4∗2.75
]

5

8
∗ 0.75 ∗ 58 + 27 = 223 𝑘 

T 3-3 = [8.5-(3*1) + 
(2.75)2

4∗2.75
] 

5

8
 *43.5  + 27        =   204 k 

 T Ag = 8.5 *5/8 *0.9 *36                              = 172 k 

T 1-1   control   149.53  k   <  160 k   not  O.K 

 increase  W = 9.0 in 

T 1-1 = [9.0-3] *5/8 *43.5 =   163 k > 160 k           O.K 
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Ex.15: design a member carries factored tensile force =400k in two lines in each flange if: 

a-    W 10*w section is available. 

b-     Fy=36  ksi          Fu=60 ksi               L= 23 ft 

c-   
7

8
 in dia. A490 bearing type bolt is used (threads are not excluded) and assume edge    

distance 2 in ,and center to center of holes 3 in. 

d-    the connection through gusset plates is through the flanges only. 

 

 

Solution: 

   1-   min. Ag = Pu/0.9 Fy =  400 /0.9*36 = 12.34 in 2 

    2-  min. Ag = Pu/0.75 FuU + estimated hole areas 

    3- r min. ≥ 
𝐿

300
=  

23∗12

300
 = 0.92 in   

From  AISC- 2005 LRFD tables pp(1-25 ,1-26): 

Try W 10*45        A=13.3 in 2      bf=  8.02 in      tf=  0.620 in     d= 10.1 in 

tw= 0.35 in     rx=4.32 in         ry= 2.01 in    now from table to estimate U 

bf ≥  
2

3
 d   (8.02> 2/3 *10.1)     then take U=0.9 

 

An= Ag-  4(7/8+1/8) tf    =    13.3- 4*(1)*0.620 = 10.82 in 

                   failure section in flange 
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ϕPn= 0.75FuAe=0.75*60*(0.9*10.82)= 438 k > 400 k  O.K    otherwise try heavier section 

No of bolts: 

Rs.s = π/4 d2 * Fv = π/4*(
7

8
)2 * 60 =36*0.75= 27 k   (shearing strength of one bolt) 

Lc  lesser of  2 - 
7

8
+

1

8

2
 = 1.5 in  or 3-1= 2 in 

Rbearing=0.75* (1.2Lc*t*Fu)        ≤                             (2.4d*t*Fu)  

          0.75(1.2*1.5*0.620*60) =50.22       <       0.75* 2.4*
7

8
*0.620*60 =58.59 k 

∴ controlling strength of bolt = lesser of 27 or 50.22  which is 27 k 

∴ 𝑁𝑜. 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠 =
400

27
= 15 = 16  𝑏𝑜𝑙𝑡𝑠    (8 in each flange) 

∴ 𝑁𝑜. 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠 >  3         so    U= 0.9  ok 

   Or  to find the value of  U   we can use the equation U=1-
𝑥

𝐿
   

for W sections  connected through flanges only we will assume that the section is split into 

two structural tees, then the value of x used will be the distance from the outside edge of the 

flange to the c.g. of the structural tee. 

So, referring to tables in manual for one half of a W10*45 (or that is a WT5x22.5) we find 

that    x = 0.907 in  

U= 1- 
0.907

9
 =  0.89    <0.9 so, use 0.9 as permitted by AISC manual 2005 
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                                                         Welding  

The process of welding denotes the jointing of metal pieces by heating to fluid state with or 

without pressure. (electric or gas welding). 

Types of joints: -    but joint,  lap ( most common) , tee, corner.. 

. 

  

 
 

Butt joint is usually for end plates or members of nearly same thickness 

 

 

 

Types of weld:- 

A A

fillet weld groove
slot

                    
1. Groove weld: - 

Used to connect structural member that are aligned in the same plane. 

 The weld must have the same strength as the pieces jointed. 

 

2. Fillet weld: - 

Is the most widely used in all of basic welds. 

 

3. Slot & plug weld: - 
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Are used with or without fillet weld. The principal use is to transmit shear in the lap joint when the size 

of connections limits the length available for fillet or other edge weld. 

Welding processes:  there are many welding processes , the most common used are: 

1- Shielded metal Arc Welding,(SMAW) usually done manually, typically used in field . 

2- Submerged Arc Welding (SAW),  usually done automatically, used for shop welding. 

 

NOTE: we will consider here only the fillet weld with SMAW process. 

  

 

 

 
 

Stress on welds: - (J.2.5 AISC 2005 

- Fillet welds assumed for design purposes to transmit loads through “shear stress” 

on the effective area. 

- A fillet weld can be loaded in any direction in shear, compression, or tension. 

However, it always fails in shear.  

       - The shear failure of the fillet weld occurs along a plane through the throat of the 
weld, as shown in the Figure below.  

 

 

 designed weld strength= ϕ * Fw*0.707a*Lw   where 

 Fw is the weld strength  and   Lw    weld length 

 

- the tensile strength of the weld electrode can be 60,70,80,90,100,110,120 ksi. 

-this strength is written in standard form E70XX  ,means that the ultimate strength of the 

wire(electrode) is 70 ksi  and so on. 
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Design strength of fillet weld is based on two limits: 

1-     For the base metal, the designed Shear yield strength is ϕ Rn = ϕFbmAbm         AISC Equation J2-2 

                                                                                   = 0.9(0.6Fy)tpLw 

                                                                 Shear Rupture =0.75(0.6Fu) tpLw   

 

2-    For the weld metal, ϕRn = ϕFwAw           AISC Equation J2-3        where: 

  Fw= nominal strength of weld metal 

   Aw = effective area of weld = tp*Lw 

    ϕ  =  0.75 

Table J2.5 in AISC specification provide the weld values to use in the above two equations. 

 for example:  

 Fw= nominal strength of fillet weld metal =0.6 FExx 

and if     E70XX     is used then for the weld metal   ϕRn = 0.75 *0.6*70 =31.5 ksi 
 

 

         

* always check weld metal and base metal strength. Smaller value govern. 

 *  In weld design problems it is advantageous to work with strength per unit length of the weld or 

base metal. 

 

             Size & limitation of fillet weld: - AISC –J2. 2     P.16.1-54  

 

    acos45 = effective size of weld. 

 Min. size of weld is based on the thinner of pieces being joined . 

- "a" min. are given in AISC table J.2.4 

Material thickness of thinner part 

joined (in)  mm 

Min. size of fillet weld 

(inch) (mm) 

To 
𝟏

𝟒

"
 inclusive 

1/8 3 

Over 
𝟏

𝟒
−  

𝟏

𝟐
 3/16 5 

Over 
𝟏

𝟐
 to 

𝟑

𝟒
 1/4 6 

Over 3/4 5/16 8 

 

 

- "a"≯ t of the thinner plate. 

For fillet welds other than along edges  as in fig. below, the maximum size to be used 

in strength computation would be limited by the base metal strength.   
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*Max. size of fillet weld: - 

"a" max. is limited to prevent melting of base material. 

𝑎𝑚𝑎𝑥 = 𝑡            𝑖𝐹    𝑡 <
1

4

"
                                                           

𝑎𝑚𝑎𝑥 = 𝑡 −
1

16
            𝑖𝐹    𝑡 ≥

1

4

"
              

(along edge of material) 

 

 

 

 Min. effective length of Fillet weld: -     J – 2 .2a 

- Min. effective length ≮ 4𝑎      otherwise      a eff.=Lw/4 

- For end member AISC recommends end return around corners>2𝑎 

Effective area = effective length* effective throat thickness 

      

                                                      (.707 a) 

                                                            

                                                   

2a

 
 

- Intermittent fillet weld: (used when the strength required is less than that required 

by continuous weld). 

𝑙 ≥ 4𝑎 ≮ 1.5" 
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𝑙𝑚𝑖𝑛 = 1
1

2

"
                     

Lap joint: - 

Min. lap shall be 5 times the thin part of joined materials, but not < 1" 

𝑙𝑚𝑖𝑛 = 5 × smaller of t1 or t2  ≮ 1" 

t2

t1

L

 

IF longitudinal Fillet welds are used alone in end member (tension member)(plates or flat 

bar) then the length of each fillet weld shall not be taken less than the perpendicular 

distance between them 

                                              

 

 

 

W

flat bar (tension)

 
 

-maximum effective length  in end locations-AISC J2.2b 

  -  if weld length Lw <  100a , then effective weld length=Lw 

  -  if Lw < 300a  ,then effective weld length = Lw(1.2-0.002Lw/a) 
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  -if  Lw > 300a  , then effective weld length =0.6 Lw 

 

Standard location of elements of welding symbol: - 

 

              

                                       
 

Ex.16: - Determine the size & length of fillet weld for the lap joint. Use E70xx electrode 

and Fy = 50 ksi for the plate.Fu= 58 ksi 

Solution: - 

- 𝑎𝑚𝑎𝑥. =
5

8
−

1

16
=

9

16

"
 

- 𝑎𝑚𝑖𝑛. =
3

16

"
                                                          3/8 in gusset plate      

 

 150k  150k 

 

                                             PL 5/8*7 in 

 

 

Use 𝑎 =  
3

8
 in 

(shear force / in)weld=  ϕRn=0.75*0.6 FEXX*0.707*a 

                                           = 8.35     kips/in 



~ 57 ~ 
 

(shear force / in)plate=  ϕRn= 0.9*0.6Fy*t 

                                           = 10.1 k/in                

Shear rupture of the base plate= 0.75*0.6* 58*3/8= 9.78 k 

shear strength of weld metal governs =8.35 k/in 

 

Length of weld (𝑙w)=  
150

8.35
= 17.96 ≃ 18.0" 

check limitation:  100a = 100*3/8=37.5 in > 9 in  

 

38 6

3
8 7

E70xx

E70xx

 
 

 

Ex.17- Design the fillet weld to develop the full strength of angle shown in fig. 

minimizing the effect of eccentricity. 

Use A – 36 steel, E70𝑥𝑥 electrode. Also find “t” of gusset plate. 

 

100 k F2

A

L 6X4X3
8"

100 k
1.94"

y= 1.94"
A= 3.61 in²

F1

F2

F3

 
 

Solution 

𝑎𝑚𝑖𝑛. =
3

16
in  table 
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𝑎𝑚𝑎𝑥. =
3

8
−

1

16
=

5

16

"

 

Use 𝑎 =  
3

16

"
 

S. F
in⁄   weld = 0.75*t*0.6FEXX*1 in=0.75*(

3

16
∗ 0.707) ∗ (0.6 ∗ 70) =  4.18 k/in 

F2 = 6 × 4.18 = 25.1 𝑘 

∑F𝑥 = 0 

F1+F3=150-25.1= 125 kips 

∑MA = 0                                                            

3

3

F1

F2

F3

A
1.94

100

 

6F1 + 3F2 = 150 × 1.94 

6F1 + (3 × 25.1) = 150 × 1.94 

F1 = 36 𝑘 

∴  F3 = 150 − 25.1 − 36 = 89 𝑘                

𝑙𝑤1 =
36

4.18
= 8.6"             𝑠𝑎𝑦 9 𝑖𝑛𝑐ℎ                   

𝑙𝑤3 =
89

4.18
= 21.3"          say  22 inch 

Thickness of gusset plate 

ϕRn = 0.9*0.6Fy*area of base metal subjected to shear 

        =0.9*0.6*36**t*1in 

4.18 = 0.9 ∗ 0.6 ∗ 36 𝑡 × 1 

𝑡 = 0.215" 

use
1

4

"

 

                                                                  

3
16 6

316 22

316 9
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Ex.18: - What is the bearing capacity of the connection shown in the fig. below, if A  

50 steel used (Fu= 65 ksi), AISC specification, and E70 electrodes are used.  

 

 

 
 Check for the limitations on the weld geometryStep I.  

 = 3/8 in. (member)
min 

t 

 = 0.5 in. (gusset)
max 

t 

 Table J2.4AISC  -= 3/16 in. 
min 

Therefore, a 

 J2.2bAISC  -1/16 = 5/16 in.  -= 3/8 
max 

a 

 

Fillet weld size = a = 1/4 in. - Therefore, OK!  

. OK -= 1.0 in. 
min-w

L 

 )J2.2b, see transverse distance between weldsfor each length of the weld = 4.0 in. (
min -w

L - 

! OK. Therefore, 
min

Given length = 5.0 in., which is > L - 

Length/weld size = 5/0.25 = 20 < 100 - Therefore, maximum effective length J2.2 b satisfied.  

End returns at the edge corner size - minimum = 2 a = 0.5 in. -Therefore, OK!  

step 2: design strength of the weld 

 w
L *

EXX 
F *0 60. *a  *0.707  *ϕWeld strength = 

=0.75* 0.707 * 0.25 * 0.6* 70 * 10 = 55.67 kips  

 t *
w 

L *
y 

F * 60. *ϕBase Metal strength = 
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 kips 101.25=  3/8 * 10 * 50 * 60. *0.9=                        

 

 Tension strength of the member. 3Step  

 tension yield -kips  67.53/8 =  *4 *50  * 90.= 
 n

Rϕ 

 tension fracture                           -65  *
e

A * 57= 0.
 n

Rϕ 

 = U A
e 

A 

 See Spec. B3 -
2 

3/8 = 1.5 in *= 4 
g 

A = A 

 See Spec. B3 -) < 1.5 w 
conn

U = 0.75 , since connection length (L 

 kips54.8= 
n

R ϕTherefore, 

 

The design strength of the member-connection system = 54.8 kips. Tension fracture of the 

member governs. The end returns at the corners were not included in the calculation. 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

Ex: Determine the load capacity in tension for a 2L6*4*1/2 in LLBB 
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     angle separated by 3/4 in back to back. Use A242 Grade50 steel, Fu=65 ksi &7/8 in bolts 

with S.H.       L=20ft. Assume A 325 bolts is used   S.H.   Bearing types    Threads are 

excluded from shear plan. 

 

 

 

Solution: 

𝑙/𝑟𝑚in ≤ 300  

(20x12)/1.77 = 135.59 < 300 o.k.  

(Le ) min. =1 1/2 sheared edge =1 1/2 o.k.  

= 1 1/8 rolled edge < 1 1/4 o.k.  

S= 3d =3(7/8) =2.625 < 4 o.k. 

 

LRFD ,table 1-15 p,1-102    for a pair of L 6*4*1/2 in   Ag= 9.5 in2 

LRFD ,table1-7  p,1-42  for L6*4*1/2 in   x=0.981 in 

  1-   yielding on Ag  ..................    ϕTn=0.9*50*Ag=  45*9.5=427.5 k............1 

   2- Fracture on Ae..............An1=  2[9.5-(7/8+1/8)]*0.5= 8.5 in2 

                                      An2 = 2[9.5-2(7/8+1/8) +
22

4∗2.5
]*0.5 = 7.9 in2  control 

U= 1-
𝑥

𝐿
   = 1-

0.981

14
 = 0.93> 0.9       then use 0.9 

ϕTn = 0.75FuAe = 0.75*65*(0.9*7.9) =  346.61 k   .......2 
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 LRFD ,table 1-15 p,1-102    for 2 L 6*4*1/2 in   separated by 3/8 in plate rmin.=1. 64 in      

now bolt strength: 

RD.S.= 2[π(7/16)2]60 = 72 k            control                    

Total    72 *8 = 432 k  

R bearing =1.2LctFu ≤ 2.4 dtFu 

Lc = 1.5 - 0.5 = 1  

R bearing (gusset plate) = 1.2*1*0.75*65 = 58.5 k         <      2.4*7/8*0.75*65 =102.14 k  

R bearing (gusset plate) = 1.2*(3.5-1) *0.75*65 = 146.25 k    >     2.4*7/8*0.75*65 =102.14 

R bearing (gusset plate) = 1.2*(4-1) *0.75*65 = 175.5 k    >      2.4*7/8*0.75*65 =102.14 

Design bearing strength for 8 bolts = 0.75( 58.5 + 7 x 102.375)=  581 k--------------3 

             

∴   𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡ℎ𝑒  𝑙𝑒𝑎𝑠𝑡 𝑜𝑓 1,2,3 = 346.1 𝑘 
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