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Problem

In the following problem, consider moment only and tension reinforcing only. For beams, assume
. cover and No. 3 stirrups. For slabs, assume . cover. Unless noted otherwise, given

loads are superimposed service loads and do not include weights of the members.

Rework Problem assuming that the beam is to be extended to overhang the right support by 10
ft. The uniform load also extends to the end of the overhang.

Problem

In the following problem, consider moment only and tension reinforcing only. For beams, assume
. cover and No. 3 stirrups. For slabs, assume . cover. Unless noted otherwise, given

loads are superimposed service loads and do not include weights of the members.

Design a simply supported rectangular reinforced concrete beam for the span and service loads
shown. Use  and fy = 60,000 psi.

PROBLEM 2–28

Step-by-step solution

Calculate the factored concentrated load using the relation.

Here,  is the factored concentrated load,  is the concentrated dead load, and  is the

concentrated live load.

Substitute  for  and  for .

Calculate the factored uniform load using the relation.

Here,  is the factored concentrated load,  is the uniform dead load, and  is the

uniform live load.

Substitute  for  and  for .

Assume the breadth of the beam as 11 inch and the depth of the beam is 25 inch.

Comment

Calculate the weight of the beam using the relation.

Substitute 11 in. for b, 25 in. for h, and  for weight of concrete.

Comment

Calculate the total factored uniform load using the relation.

Here,  is the total factored uniform,  is the factored concentrated load.

Substitute  for  and  for beam weight.

Comment

Show the loaded beam as shown in Figure (1).

Comment

Take sum of all moments about support A and equate to zero.

Take sum of all vertical force is equal to zero.

Take shear force at support C.

Take shear force near support B.

Comment

Take shear force at support B.

Take shear force near support D.

Comment

Take shear force at support D.

Take shear force at support A.

Comment

Show the shear force diagram for loaded beam as in Figure (2).

Comment

Determine the moment for portion BC.

Determine the moment for portion DB.

Determine the moment for portion AD.

Thus, the maximum positive moment is  and the maximum negative moment is 
.

Comment

Design for positive moment.

Try, reinforcement ratio  as 0.0090, coefficient of resistance of the beam  as 0.4828 ksi

and effective depth to width ratio  as 2.

Strain in steel  is not tabulated; therefore , the section is tension-controlled.

Take strength-reduction factor  as 0.90 for tension-controlled sections.

Derive the formula for required effective depth using the relation:

 …… (1)

Here,  is the coefficient of resistance,  is the strength-reduction factor,  is the breadth of
the beam,  is the effective depth of the beam, and  is the maximum moment acting on

the beam.

Write the expression effective depth to width ratio.

 …… (2)

Substitute Equation (1) in Equation (2).

Comment

Determine the required effective depth of the beam for positive moment using the relation.

 …… (3)

Substitute  for , 0.90 for , and 0.4828 ksi for .

Consider, the breadth of the beam as 11 in. and depth of the beam is 24 in..

Comment

Calculate the weight of the beam using the relation.

Substitute 11 in. for b, 24 in. for h, and  for weight of concrete.

Check against weight of the beam.

Hence, check against weight of the beam is satisfied.

Comment

Determine the required coefficient of resistance  using the relation.

 …… (4)

Here,  is the coefficient of resistance,  is the strength-reduction factor,  is the breadth of
the slab,  is the effective depth of the beam, and  is the maximum positive moment

acting on the beam.

Substitute 167.2 ft-kips for ,  for ,  for , and  for .

Refer Table A-8, “Coefficient of resistance  versus reinforcement ratio ” for  is 3,000

psi and  is 60,000 psi.

Take reinforcement ratio  as 0.0086 for coefficient of resistance  is 0.4596 ksi.

Strain in steel  is not tabulated; therefore , the section is tension-controlled.

Hence, assumed Strength-reduction factor is satisfied.

Comment

Calculate the total cross-sectional area of tension steel present in the beam using the relation.

 …… (5)

Here,  is the total cross-sectional area of tension steel present in the beam.

Substitute 0.0086 for ,  for , and  for .

Comment

Calculate the minimum cross-sectional area of tension steel present using the relation.

 …… (6)

Here,  is the minimum cross-sectional area of tension steel present,  is the

compressive strength of concrete,  is the yield stress of steel,  is the width of the beam,

and  is the effective depth of the beam.

Refer Table A-5, “Design constant” in the textbook.

For  is , and  is :

Take  as 0.0033.

Substitute 0.0033 for ,  for , and  for  in Equation (6).

Check for area of tension steel.

Hence, check against area of minimum steel is satisfied.

Comment

Select two numbers of bar with bar number .

Refer Table A-2, “Area of multiples of reinforcing bars” in the textbook.

Take total cross-sectional area of tension steel present as , for two numbers of bar, and

bar number .

Refer Table A-3, “Minimum required beam widths” in the textbook.

Take Minimum required beam width  as 7.5 in. for two numbers of bar, and bar number 

.

Refer Table A-1, “Reinforcing steel” in the textbook.

Take diameter of the rebar  as  for bar number .

Comment

Calculate the effective depth of the beam using the relation.

 …… (7)

Here,  is the effective depth of the beam,  is the depth of the beam, and  is the diameter

of the rebar.

Substitute  for ,  for cover,  for diameter of stirrup, and  for 

.

Check against effective depth of the beam.

Thus, check against effective depth of the beam is satisfied.

Hence, use width of the beam as , depth of the section as , and two numbers of bar
with bar number .

Comment

Show the designed beam for positive moment in Figure (3).

Comment

Design for negative moment.

Consider, the breadth of the beam as 11 in, depth of the beam is 24 in., and effective depth of the
beam is 21 in..

Substitute 75 ft-kips for ,  for ,  for , and  for  in Equation (4).

Refer Table A-8, “Coefficient of resistance  versus reinforcement ratio ” for  is 3,000

psi and  is 60,000 psi.

Take reinforcement ratio  as 0.0036 for coefficient of resistance  is 0.2061 ksi.

Strain in steel  is not tabulated; therefore , the section is tension-controlled.

Hence, assumed Strength-reduction factor is satisfied.

Comment

Substitute 0.0036 for ,  for , and  for  in Equation (5).

Substitute 0.0033 for ,  for , and  for  in Equation (6).

Check for area of tension steel.

Hence, check against area of minimum steel is satisfied.

Comment

Select two numbers of bar with bar number .

Refer Table A-2, “Area of multiples of reinforcing bars” in the textbook.

Take total cross-sectional area of tension steel present as , for two numbers of bar, and

bar number .

Refer Table A-3, “Minimum required beam widths” in the textbook.

Take Minimum required beam width  as 6.5 in. for two numbers of bar, and bar number 

.

Refer Table A-1, “Reinforcing steel”.

Take diameter of the rebar  as  for bar number .

Substitute  for ,  for cover,  for diameter of stirrup, and  for 

in Equation (7).

Check against effective depth of the beam.

Thus, check against effective depth of the beam is satisfied.

Hence, use width of the beam as , depth of the section as , and two numbers of bar
with bar number .

Comment

Show the designed beam for negative moment in Figure (4).

Comment
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Chapter 3, Problem 4P

In the following problem, unless otherwise noted,
assume No. 3 stirrups, -in. cover for beams, and 1-
in. clear space between layers of bars. In all
problems, check the net tensile strain ∈t in the
extreme tension steel to ensure that it...

View this solution

Chapter 2, Problem 7P

In the following problem, consider moment only and
tension reinforcing only. For beams, assume . cover
and No. 3 stirrups. For slabs, assume . cover.
Unless noted otherwise, given loads are
superimposed service loads and do not include
weights...
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