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Problem

The beam shown is supported on pedestals 20-in. wide. The loads are service loads, and the
distributed load includes the beam weight. The clear span is 24′-4″. Use  psi; the
reinforcing steel is A615 Grade 60. Design shear reinforcing for the beam:

a. Between the point load and the left reaction

b. Between the point load and the right reaction

Show design sketches, including the stirrup pattern.

PROBLEM 4–14

Step-by-step solution

Determine the ultimate load  using the relation.

Here,  is dead load and  is live load.

Comment

Substitute 1.8 kips for  and 3 kips for .

Comment

Determine the ultimate column load  using the relation.

Here,  is concentrated dead load and  is concentrated live load.

Comment

Substitute 56 kips for  and 56 kips for .

Comment

Determine the clear span for left side  using the relation.

Substitute 20 ft for  and 20 in. for b.

Comment

Determine the clear span for right side 2  using the relation.

Substitute 6 ft for  and 20 in. for b.

Comment

To find reaction .

Here,  is clear span.

Substitute  for , 156.8 kips for , 19.17 ft for , and 24.4 ft for .

Comment

To find reaction .

Substitute  for , 156.8 kips for , 208 kips for , and 24.4 ft for .

Comment

a)

Comment

Left side (positive shear):

The positive design shear is 118 kips.

Determine the critical design shear  using the relation.

Substitute 118 kips for , 30 in. for d, and  for .

Comment

Calculate shear resistance capacity  using the formula.

Here,  is modulus of rupture for normal weight concrete and  is compressive stress of

concrete.

Substitute 0.75 for  from section (4.2) of the text book, 1 for , 4,000 psi for , 20 in. for b,

and 30 in. for d.

Comment

Determine the parameter .

Therefore, stirrups are required.

Comment

Calculate distance x where stirrup may end from the end face using the formula.

Substitute 28.45 kips for  and  for .

Calculate distance up to which stirrups are required using the formula.

Substitute 25.59 ft for L and 4 ft for x.

Calculate distance up to which factored shear resistance  is acting using the formula.

Substitute 8.78 ft for stirrup distance and 4 ft for x.

Comment

Draw the shear force diagram as in Figure (1)

Comment

Comment

Calculate required shear strength of stirrup  for boundary condition 

Substitute 118 kips for , 56.9 kips for , and  for .

Determine the required critical spacing  using the relation.

Substitute  for .

Comment

Assume #3 single loop stirrups having an area of 

Substitute 0.75 for ,  for , 60 ksi for , 30 in. for d, 100.6 kips for , and 56.9

kips for .

Use 6 in. spacing.

Comment

Calculate maximum shear strength of stirrup  using the relation.

Substitute  for required .

Substitute 100.6 kips for , 56.9 kips for , 0.75 for , 4,000 psi for , 20 in. for b, and

30 in. for d.

Comment

The maximum spacing is  or 30 in. whichever is smaller.

Determine the maximum spacing  using the relation.

Substitute 30 in. for d.

Comment

Check for maximum spacing:

Determine the maximum spacing for span  using the relation.

Substitute  for , 60,000 psi for , and 20 in. for .

Therefore, use maximum spacing is 13 in.

Comment

Determine the required spacing s based on shear strength .

Substitute 0.75 for ,  for , 60 ksi for , 30 in. for d, and  for

required .

Comment

Draw the graph distance from FOS versus required spacing as in Figure (2).

Comment

b)

Comment

Right side (Negative shear):

Comment

The negative design shear is 208 kips.

Comment

Determine the critical design shear  using the relation.

Comment

Substitute 208 kips for , 30 in. for d, and  for .

Comment

Calculate shear resistance capacity  using the formula.

Here,  is modulus of rupture for normal weight concrete and  is compressive stress of

concrete.

Substitute 0.75 for  from section (4.2) of the text book, 1 for , 4,000 psi for , 20 in. for b,

and 30 in. for d.

Comment

Determine the parameter .

Therefore, stirrups are required.

By inspection, stirrups required from the FOS to the location of the point load.

Comment

Calculate required shear strength of stirrup  for boundary condition 

Substitute 208 kips for , 56.9 kips for , and  for .

Comment

Determine the required critical spacing  using the relation.

Substitute  for .

Assume #3 single loop stirrups having an area of 

Substitute 0.75 for ,  for , 60 ksi for , 30 in. for d, 190.6 kips for , and 56.9

kips for .

Required critical spacing is less than 4 in., therefore use double #3 stirrups having an area of 
.

Comment

Determine the required critical spacing  using the relation.

Substitute 0.75 for ,  for , 60 ksi for , 30 in. for d, 190.6 kips for , and 56.9

kips for .

Use 4 in. spacing.

Comment

Calculate maximum shear strength of stirrup  using the relation.

Substitute  for required .

Substitute 190.6 kips for , 56.9 kips for , 0.75 for , 4,000 psi for , 20 in. for b, and

30 in. for d.

Therefore, the maximum spacing is  or 30 in. whichever is smaller.

Comment

Determine the maximum spacing  using the relation.

Substitute 30 in. for d.

Comment

Check for maximum spacing:

Determine the maximum spacing for span  using the relation.

Substitute  for , 60,000 psi for , and 20 in. for .

Therefore, use maximum spacing is 7.5 in.

Comment

Determine the required spacing s based on shear strength .

Substitute 0.75 for ,  for , 60 ksi for , 30 in. for d, and  for

required .

Comment

Draw the graph distance from FOS versus required spacing as in Figure (3).

Comment

Draw the stirrup layout arrangement as in Figure (4).

Comment

Step 1 of 38

Step 2 of 38

Step 3 of 38

Step 4 of 38

Step 5 of 38

Step 6 of 38

Step 7 of 38

Step 8 of 38

Step 9 of 38

Step 10 of 38

Step 11 of 38

Step 12 of 38

Step 13 of 38

Step 14 of 38

Step 15 of 38

Step 16 of 38

Step 17 of 38

Step 18 of 38

Step 19 of 38

Step 20 of 38

Step 21 of 38

Step 22 of 38

Step 23 of 38

Step 24 of 38

Step 25 of 38

Step 26 of 38

Step 27 of 38

Step 28 of 38

Step 29 of 38

Step 30 of 38

Step 31 of 38

Step 32 of 38

Step 33 of 38

Step 34 of 38

Step 35 of 38

Step 36 of 38

Step 37 of 38

Step 38 of 38

0 1

Chapter 4, Problem 17P

A rectangular reinforced concrete beam 14 in. × 20
in. deep is subject to a maximum factored torque of
24 ft-k. Calculate the cracking torque, Tcr, and
determine if torsion can be neglected in the design
of this beam. Assume...

View this solution

Chapter 4, Problem 11P

For the beam shown, check moment and design
single-loop stirrups. The loads shown are factored
loads. Assume the supports to be 12-in. wide. Use
psi and fy = 60,000 psi. The uniformly distributed
load includes the beam weight.PROBLEM 4–11
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