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         Figure (20) shows an example of an eccentrically loaded bolted joint. The 
motor on the extended bracket places the bolts in shear because its weight acts 
directly downward. But there also exists a moment equal to (P*a) that must be 
resisted. The moment tends to rotate the bracket and thus to shear the bolts. 
The basic approach to the analysis and design of eccentrically loaded joints is to 
determine the forces that act on each bolt because of all the applied loads. Then, 
by a process of superposition, the loads are combined vectorially to determine 
which bolt carries the greatest load. That bolt is then sized. The method will be 
illustrated in Example Problem 20-1. 
 
The American Institute of Steel Construction (AISC) lists allowable stresses for 
bolts made from ASTM grade steels, as shown in Table 20-1. These data are for 
bolts used in standard-sized holes, (1.5875 mm) larger than the bolt. 
 
In the design of bolted joints, you should ensure that there are no threads in the 
plane where shear occurs. The body of the bolt will then have a diameter equal 
to the major diameter of the thread. You can use the tables in Chapter 18 to 
select the standard size for a bolt. 
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Example Problem 20-1 (page 781) 

For the bracket in Figure (20-4), assume that the total force (P) is 3500 lb 

(15568 N) and the distance (a) is 12 in. (304.8 mm). Design the bolted joint, 

including the location and number of bolts, the material (see table 20-1), and the 

diameter. 

Solution: 

The solution shown is an outline of procedure that can be used to analyze 

similar joints. The data of this problem illustrate the procedure: 

 

1. Propose the number of bolts and the pattern. This is a design decision, based 

on your judgment and the geometry of the connected parts. Assume the No. of 

bolts and their orientation, so assume (4 bolts) and fixed as shown in figure 

(20-5). 

2. Determine the direct shear force: {    
 

           
}  Load per bolt =     

 

 
 

      
     

 
          

3. Compute the Moment to be resisted by bolts pattern: the product of the 

overhanging load and the distance to the centroid of the bolt pattern. In this 

problem: (M=P*a = 15568*304.8 = 4.745 KN.m) 

4. Compute the radial distance from the centroid of the bolt pattern to the center 

of each bolt. In this problem, each bolt has a radial distance of: 

 {   √                          } 
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5. Compute the sum of the squares of all radial distances to all bolts. In this 

problem, all the four bolts have the same (r), then 

    ∑      
     

     
                           

6. Compute the force on each bolt required to resist the bending moment from 

the relation: 

   M = P*a =                        
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∑  
               

                                                                           

                                                                                   

In this problem, all such forces are equal. For example, for bolt 1: 

    
                

     
           

7. Determine the resultant of all forces acting on each bolt. A vector summation 

can be performed either analytically or graphically, or each force can be 

resolved into horizontal and vertical components. The components can be 

summed and then the resultant can be computed. 

Let us use the letter approach for this problem. The shear force acts directly 

downward, in the y- direction. The x- and y- components of Fi are: 

                                    

                                   

Total force in Y-direction 

                                   

R1 = Resultant force on bolt 1 = √                             

8.  Specify the bolt material; compute the required area for the bolt; and select 

an appropriate size. For this problem, let us specify ASTM A325 steel for the 
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bolts having an allowable shear stress of (121 MPa) from table (20-1). Then 

the required area for the bolt is: 

Allowable shear stress =             
  

  
  

     

   

 

                     

Now choose 4 bolts with M16*2 from table 18-5 or use table 18-4 choose size 

 5/8 = 0.625 inch = 15.875 mm 
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References: 

Machine Elements in Mechanical Design by Robert L. Mott, P.E. (Chapter 20)  

Note: Read section (20-4) (Page 783) 

Introduction: 

The design of welded joints requires: 

 Manner of loading on the joint. 

 The type of materials in weld and in the member to be joined. 

 The geometry of the joint itself. 

Table (20-2) below shows material of weld and allowable stresses: 
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For steel welded by electric arc method, the type of electrode is an 

indication of the tensile strength for filler metal. For example, E70 electrode has 

Su ≥ 70 Ksi (483 MPa). More information can be found from: 

American Welding Society (AWS) 

American Institute for Steel Construction (AISC) 

Aluminum Association (AA) 

See internal sites 3 & 7 in Robert L. Mott (Ch. 20)  

Type of Joints, Type of Welds, and size of weld: 

 قد تعلمت في موضوع الرسم الميكانيكي وفي الفصل الثامن عن اللحام مايلي: في العام الماضي

نبذة مختصرة عن اللحام ، تمثيل اللحام على الرسم ، الرموز الاساسية ، وضع الابعاد ، وغيرها من المواضيع 

 فاف.وفيما يلي بعض فقط للتذكرة تم اخذها من كتاب الاستاذ عبد الرسول الخ

 

 

 

 

 



Machines Frames  Machine Design I (Lecture 23)  Mechanical Eng. Dept. 

~ 8 ~ 
 

 

 



Machines Frames  Machine Design I (Lecture 23)  Mechanical Eng. Dept. 

~ 9 ~ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Machines Frames  Machine Design I (Lecture 23)  Mechanical Eng. Dept. 

~ 01 ~ 
 

Figures (20-6) and (20-7) shows types and size of welded joints. 

 

 The length of line from root of the weld = 0.707 W (W: leg dimension). 

 The objective of the design of fillet welded joint is to specify the length of 

fillet, so the weld is treated as a line having no thickness. 

 Fig. (20-3) gives the allowable force per (inch or mm) of leg. 
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 Four different types of loading are considered here when the weld treated 

as a line: 

 

 Fig. (20-8) Page 786 shows geometry factors for weld analysis. 

Example: use class 5 in fig. (20-8) with b=101.6 mm, d=152.4 mm. find Aw, Jw ,  ̅  

Sol: Aw = d +2b = 152.4+ (2*101.6) = 355.6 mm (with no thickness) 

Jw = 
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General Procedure for Designing Welded Joints: 

1. Propose the geometry of the joint and the design of the members to be joined. 
2. Identify the types of stresses to which the joint is subjected (bending, twisting, 

vertical shear, direct tension, or compression). 
3. Analyze the joint to determine the magnitude and the direction of the force on 

the weld due to each type of load. 
4. Combine the forces vectorially at the point or points of the weld where the 

forces appear to be maximum. 
5. Divide the maximum force on the weld by the allowable force from Table 20-3 

to determine the required leg size for the weld. Note that when thick plates 
are welded, there are minimum acceptable sizes for the welds as listed in 
Table 20-4. 
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