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Topic 8.1: Special Topics I Topic 8.1: Special Topics I Topic 8.1: Special Topics I Topic 8.1: Special Topics I ---- Combined Stress Combined Stress Combined Stress Combined Stress 
Up to this point we have considered only or mainly one type of applied stress 
acting on a structure, member of a structure, beam, shaft, rivet, or weld. Many 
situations involve more than one type of stress occurring simultaneously in a 
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structure. These problems can become relatively complicated. We will look at 
several examples of relatively simple combined stress problems. 
One of the principles we will apply in these examples is the principle of 
superposition, that is, the resultant stress will be the algebraic sum of the 
individual stresses - at least in the case of similar stresses acting along the 
same line, such as the axial stress due to an axial load and a bending stress. 
We look at this type of problem in the example below. 
ExampleExampleExampleExample. A four foot long cantilever beam (shown in Diagram 1) is attached to 
the wall at point A, and has a load of 10, 000 lb. acting (at the centroid of the 
beam) at angle of 20o below the horizontal. We would like to determine the 
maximum axial stress acting in the beam cross section. 

 
Solution:Solution:Solution:Solution:    
We first apply static equilibrium conditions to the beam and determine the 
external support reactions, and the external moment acting on the beam at 
point A. Notice we have resolved the 10,000 lb10,000 lb10,000 lb10,000 lb. load into its perpendicular x 
and y components. The horizontal component of the load (9,400 lb9,400 lb9,400 lb9,400 lb.) produces 
a normal horizontal axial stress in the beam. The vertical component of the 
load (----3,420 lb3,420 lb3,420 lb3,420 lb.) causes a torque about point A (13,700 ft13,700 ft13,700 ft13,700 ft----lblblblb) to act on the 
beam (balanced by the external moment). The resulting internal bending 
moment(s) in the beam produces an axial bending stress. The total axial The total axial The total axial The total axial 
stress at a point in the beam will be the sum of the normal axial stress and the stress at a point in the beam will be the sum of the normal axial stress and the stress at a point in the beam will be the sum of the normal axial stress and the stress at a point in the beam will be the sum of the normal axial stress and the 
axial bending stressaxial bending stressaxial bending stressaxial bending stress. 
The Normal Axial Stress = Force/Area = 9,400 lb. / (2" x 4") = 11The Normal Axial Stress = Force/Area = 9,400 lb. / (2" x 4") = 11The Normal Axial Stress = Force/Area = 9,400 lb. / (2" x 4") = 11The Normal Axial Stress = Force/Area = 9,400 lb. / (2" x 4") = 1175 lb/in75 lb/in75 lb/in75 lb/in2222. We 
note that this stress will be tensile and constant through out the length of the 
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beam. So the maximum normal Axial Stress is 1175 lb/in1175 lb/in1175 lb/in1175 lb/in2222, and is the same 
everywhere in the beam. 
The maximum bending stress occurs at the outer edge of the beam, and at 
the point in the beam where the bending moment is a maximum. In the 
cantilever beam, the maximum bending moment occurs at the wall and is 
equal to the (negative of) external bending moment. (M = M = M = M = ----13,700 ft13,700 ft13,700 ft13,700 ft----lb. = lb. = lb. = lb. = ----
164,400 in164,400 in164,400 in164,400 in----lblblblb.) We can then calculate the maximum bending moment by: 
Maximum Bending Stress = M y/I = (164,400 inMaximum Bending Stress = M y/I = (164,400 inMaximum Bending Stress = M y/I = (164,400 inMaximum Bending Stress = M y/I = (164,400 in----lb.)(2")/(10.67 inlb.)(2")/(10.67 inlb.)(2")/(10.67 inlb.)(2")/(10.67 in4444) = 30,820 ) = 30,820 ) = 30,820 ) = 30,820 
lb/inlb/inlb/inlb/in2222....    
Since the bending moment was negative, this means that the top of the beam 
(above the centroid) is in tension, and the bottom on the beam is in 
compression. 
We can now combine (sum) the axial stress at the very top and bottom of the 
beam to determine the maximum axial stress. We see in the beam section in 
Diagram 2, that the stresses at the top of the beam are both tensile, and so 
add to a tototototal tensile stress of 30,820 lb./intal tensile stress of 30,820 lb./intal tensile stress of 30,820 lb./intal tensile stress of 30,820 lb./in2222 + 1,175 lb./in + 1,175 lb./in + 1,175 lb./in + 1,175 lb./in2222 = 31,995 lb./in = 31,995 lb./in = 31,995 lb./in = 31,995 lb./in2222. At 
the bottom of the beam, the bending stress is compressive and the normal 
axial stress in tensile so the resultant bottom stress is stress is stress is stress is ---- 30,820 lb./in 30,820 lb./in 30,820 lb./in 30,820 lb./in2222 + 1,175  + 1,175  + 1,175  + 1,175 
lb./inlb./inlb./inlb./in2222 =  =  =  = ----29,645 lb./in29,645 lb./in29,645 lb./in29,645 lb./in2 2 2 2 (compression).(compression).(compression).(compression). 

 
We will now look at several additional examples of combined stresses. 
Select :Select :Select :Select :    
Topic 8.1a: Combined Stress Topic 8.1a: Combined Stress Topic 8.1a: Combined Stress Topic 8.1a: Combined Stress ---- Example 1 Example 1 Example 1 Example 1    
Topic 8.1b: Combined Stress Topic 8.1b: Combined Stress Topic 8.1b: Combined Stress Topic 8.1b: Combined Stress ---- Example 2 Example 2 Example 2 Example 2    
or select:or select:or select:or select:    
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Topic 8: Special Topics I Topic 8: Special Topics I Topic 8: Special Topics I Topic 8: Special Topics I ---- Table of Contents Table of Contents Table of Contents Table of Contents    
Strength of Materials Home PageStrength of Materials Home PageStrength of Materials Home PageStrength of Materials Home Page 

Topic 8.1a: Combined Stress - Example 1 

A loaded beam (shown in Diagram 1) is pinned to the wall at point A, and is 
supported by a rod DB, attached to the wall at point D and to the beam at 
point B. The beam has a load of 6,000 lb. acting downward at point C. The 
supporting rod makes an angle of 25o with respect to the beam. The beam 
cross section is a W8 x 24 I-Beam, with the characteristics shown in Diagram 
1. We would like to determine the maximum axial stress acting in the beam 
cross section. 

 
Solution:Solution:Solution:Solution:    
    
We first apply static equilibrium to the beam and determine the external 
support reactions acting on the beam at point A. 
Sum of ForceSum of ForceSum of ForceSum of Forcexxxx = A = A = A = Axxxx    ---- T cos 25 T cos 25 T cos 25 T cos 25oooo = 0 = 0 = 0 = 0    
Sum of ForceSum of ForceSum of ForceSum of Forceyyyy = A = A = A = Ayyyy + T sin 25 + T sin 25 + T sin 25 + T sin 25oooo    ---- 6,000 lb. = 0 6,000 lb. = 0 6,000 lb. = 0 6,000 lb. = 0    
Sum of TSum of TSum of TSum of TorqueorqueorqueorqueAAAA =  =  =  = ----6,000 lb (10ft) + T cos 256,000 lb (10ft) + T cos 256,000 lb (10ft) + T cos 256,000 lb (10ft) + T cos 25oooo (2.8 ft.) = 0 (where 2.8 ft. =  (2.8 ft.) = 0 (where 2.8 ft. =  (2.8 ft.) = 0 (where 2.8 ft. =  (2.8 ft.) = 0 (where 2.8 ft. = 
distance from A to D)distance from A to D)distance from A to D)distance from A to D)    
Solving: T = 23,640 lb.; AT = 23,640 lb.; AT = 23,640 lb.; AT = 23,640 lb.; Axxxx = 21,430 lb., and A = 21,430 lb., and A = 21,430 lb., and A = 21,430 lb., and Ayyyy =  =  =  = ----3990 lb3990 lb3990 lb3990 lb. (Ay acts downward) 
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We next draw the Shear Force and Bending Moment Diagrams, and use the 
Bending Moment Diagram to determine the Maximum Bending Stress in the 
beam. (See Diagram 2.) 

 
We next will consider the axial stress due to the horizontal force acting on the 
beam. In section AB the beam is in compression with horizontal axial force of 
21,430 lb. (Due to the force Ax and the horizontal component of the force in 
rod DB.) For beam section BC, there is no horizontal axial force due to an 
external horizontal force. That is, section AB is in compression, but section 
BC is not experiencing normal horizontal stress, since it is to the right of 
where the support rod is attached. (However, there is a horizontal bending 
stress due to the bending moment, which is in turn due to the vertical loads 
being applied. This will be considered in a moment.) 
The compressive horizontal axial stress in section AB is given simply by: 
F/A = 21,430 lb. / 7.08 inF/A = 21,430 lb. / 7.08 inF/A = 21,430 lb. / 7.08 inF/A = 21,430 lb. / 7.08 in2222 = 3,030 lb/in = 3,030 lb/in = 3,030 lb/in = 3,030 lb/in2222.... (We have considered the force to act 
along the centroid of the beam.) 
There is a bending stress also acting in the beam. The maximum bending 
stress occurs at the outer edge of the beam, and at the point in the beam 
where the bending moment is a maximum. From our bending moment 
diagram, we see that the maximum bending moment occurs at 6 feet from the 
left end, and has a value of    ----24,000 ft24,000 ft24,000 ft24,000 ft----lb. = lb. = lb. = lb. = ----288,000 in288,000 in288,000 in288,000 in----lb.lb.lb.lb. ( The negative sign 
indicating that the top of the beam is in tension and the bottom of the beam is 
in compression.) We can then calculate the maximum bending moment by: 
Maximum Bending Stress = M / S Maximum Bending Stress = M / S Maximum Bending Stress = M / S Maximum Bending Stress = M / S Where S is the section modulus for the 
beam. In this example S = 20.9 in3. Then: 
Maximum Bending Stress = (288,000 inMaximum Bending Stress = (288,000 inMaximum Bending Stress = (288,000 inMaximum Bending Stress = (288,000 in----lb.)/20.9 inlb.)/20.9 inlb.)/20.9 inlb.)/20.9 in3333 = 13,780 lb/in = 13,780 lb/in = 13,780 lb/in = 13,780 lb/in2222. 
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Since the bending moment was negative, the top of the I-Beam will be in 
tension, and the bottom of the beam will be in compression. 
The total axial stress at a point in the beam will be the sum of the normal axial The total axial stress at a point in the beam will be the sum of the normal axial The total axial stress at a point in the beam will be the sum of the normal axial The total axial stress at a point in the beam will be the sum of the normal axial 
stress and the axial bending stressstress and the axial bending stressstress and the axial bending stressstress and the axial bending stress. (See Diagram 3) 
We can now combine (sum) the axial stresses at the very top and bottom of 
the beam to determine the maximum axial stress. We see in the beam section 
(at 6 ft from left end) in Diagram 3, that the stresses at the bottom of the beam 
are both compressive, and so add to a total compressive stress of total compressive stress of total compressive stress of total compressive stress of 13,780 13,780 13,780 13,780 
lb./inlb./inlb./inlb./in2222 + 3,030 lb./in + 3,030 lb./in + 3,030 lb./in + 3,030 lb./in2222 = 16, 810 lb./in = 16, 810 lb./in = 16, 810 lb./in = 16, 810 lb./in2222. At the top of the beam, the bending 
stress is tensile and the normal axial stress in compressive so the resultant 
bottom stress is: +13,780 lb./instress is: +13,780 lb./instress is: +13,780 lb./instress is: +13,780 lb./in2222    ---- 3,030 lb./in 3,030 lb./in 3,030 lb./in 3,030 lb./in2222 = 10,750 lb./in = 10,750 lb./in = 10,750 lb./in = 10,750 lb./in2 2 2 2 (tension).(tension).(tension).(tension). 

 
Return toReturn toReturn toReturn to:  
Topic 8.1: Combined StressTopic 8.1: Combined StressTopic 8.1: Combined StressTopic 8.1: Combined Stress 
or select:or select:or select:or select:    
Topic 8: Special Topics I Topic 8: Special Topics I Topic 8: Special Topics I Topic 8: Special Topics I ---- Table of Contents Table of Contents Table of Contents Table of Contents    
Strength of Materials Home PageStrength of Materials Home PageStrength of Materials Home PageStrength of Materials Home Page  

 
Stresses Under Combined Loads: 
To this point we have considered the response of members subjected to the 
separate 
effects of axial loads, torsion, bending and uniform pressure. However, in 
many cases 
structural members are required to resist more than one type of loading. The 
stress 
analysis of a member subjected to combined loadings can usually be 
performed by 
superimposing the stresses due to each load acting separately. Superposition 
is 
permissible if the stresses are linear functions of the loads and if there is no 
interaction 
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effect between the various loads (i.e. the stresses due to one load are not 
affected by 
the presence of any other loads). 
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