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Step-by-step solution

Draw the schematic diagram of the z-section.

Comment

Calculate of the segment 1.

Here,  is with of segment 1 and  is thickness of segment 1.

Substitute  for  and  for .

Comments (1)

Calculate the centroid of segment 1 in the -direction.

Here,  centroid of segment 1 in the -direction.

Substitute for .

Comment

Calculate the area of segment 2.

Here,  is width of segment 2 and  is height of segment 2.

Substitute for  and  for .

Comment

Calculate centroid of segment 2 in the -direction.

Here, is centroid of segment in the -direction.

Comment

Calculate the area of segment 3

Here,  is width of segment 3 and  is thickness of segment 3.

Substitute  for  and  for .

Comment

Calculate the centroid of segment 3 in -direction

Here,  is the centroid of segment 3 in -direction.

Substitute 125 mm for .

Comment

Calculate the centroid of segment 1 in the -direction.

Here,  is the centroid of segment 1 in the -direction.

Calculate the centroid of segment 2 in the -direction.

Here,  is the centroid of segment 2 in the -direction.

Calculate the centroid of segment 3 in the -direction.

Here,  is the centroid of segment 2 in the -direction.

Comment

Calculate the location of centroid about -axis.

Here,  is the area of segment 1,  is area of segment 2 and  is area of segment 3.

Substitute  for ,  for ,  for ,  for ,

 for  and  for .

Comments (1)

Calculate the location of centroid about -axis.

Here,  is the area of segment 1,  is area of segment 2 and  is area of segment 3.

Substitute  for ,  for ,  for ,  for ,

 for  and  for .

Comment

Calculate the moment of inertia about -axis

Here,  is the location of centroid about -axis,  is the area of segment 1,  is area of

segment 2 and  is area of segment 3.

Substitute  for ,  for ,  for ,  for ,  for

,  for ,  for ,  for ,  for ,  for ,

 for  and  for .

Comment

Calculate the moment of inertia about axis

Here,  is the location of centroid about -axis, is the area of segment 1, is area of

segment 2 and is area of segment 3.

Substitute for ,  for ,  for ,  for , 

for , for ,  for ,  for , for ,  for 

,  for  and  for .

Comment

Calculate the moment of inertia about -axis.

Here,  is the location of centroid about -axis,  is the area of segment 1, is area of

segment 2 and is area of segment 3.

Substitute  for  ,  for ,  for ,  for ,

 for  and  for .

Comment

Calculate the direction of principal axis.

Here, is moment of inertia about -axis,  is moment of inertia about  axis and is

moment of inertial about  axis.

Substitute  for ,  for  and  for .

Comment

Calculate the principal of inertia about axis.

Here, is moment of inertia about -axis,  is moment of inertia about  axis and is

moment of inertial about  axis.

Substitute  for ,  for  and  for ,

 for .

Comment

Calculate the principal of inertia about axis.

Here, is moment of inertia about -axis,  is moment of inertia about  axis and is

moment of inertial about  axis.

Substitute  for ,  for  and  for ,

 for .

Comments (1)

Draw the schematic diagram of the section.

Figure (1)

Comment

From Geometry of section in figure (1), the following values are obtained.

The value of is equal to .

.

Here, is length between points H and B.

The value of  is equal to .

.

Here, is length between points B and C.

Comment

Write the relation for shear stress in direction.

Here,  is the shear in the  plane,  is the thickness of segment 1, is length between

H and B and s is the width of upper segment.

Substitute  for , for  and  for .

Comment

Due to the shear force :

Calculate the total shear force in the upper flange force 

Here, is shear stress in -direction.

Substitute  for  ,  for  and

 for .

By solving preceding equation, the following relation is obtained.
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Comment

From the figure (1), write the relation shear force.

Here,  is shear center S of the section  plane and  is total shear force in the upper

flange.

Substitute  for .

Therefore, shear center S of the section about  plane is .

Comment

Write the relation for shear stress in direction.

Here,  is the shear in the  plane,  is the thickness of segment 1 and s is the width of

upper segment.

Substitute  for , for  and  for .

Comment

Due to the shear force :

Calculate the total shear force in the upper flange force 

Here, is shear stress in -direction.

Substitute  for  ,  for  and

 for .

Comment

By solving preceding equation, the following relation is obtained.

Comment

From the figure (1), write the relation shear force.

Here,  is shear center S of the section  plane and  is total shear force in the upper

flange.

Substitute  for .

Therefore, shear center S of the section about  plane is .

Comment
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