Flexural Design of Reinforced Concrete T-Beams (ACI 318-14)

Flexural Design of Reinforced Concrete T-Beams (ACI 318-14)
This example aims to determine the required amount of tension reinforcing steel in the flanged concrete T-Beam
section shown in Figure 1. It is designed in accordance with the ACI 318-14 code to carry a combination of applied
dead and live load moments. The T-Beam is reinforced with #4 stirrups. Concrete compressive strength and
reinforcement yield strength is as shown in design data below. A comparison of the design results in the Reference
and the hand calculations is provided against values obtained by spBeam engineering software program from
StructurePoint.

Figure 1 – Flanged Reinforced Concrete Beam Cross-Section
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Code
▪ Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 318R-14)
Reference
[1] Reinforced Concrete Design, 8th Edition, 2017, Chu-Kia Wang, Charles G. Salmon, Jose A. Pincheira, Gustavo
J. Parra-Montesinos, Oxford University Press, Example 4.5.1.
[2] spBeam Engineering Software Program Manual v5.50, StructurePoint LLC., 2018.
[3] “Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - Case One” Case Study,
STRUCTUREPOINT, 2021.
[4] “Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - Case Two” Case Study,
STRUCTUREPOINT, 2021.
[5] “Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - Case Three” Case Study,
STRUCTUREPOINT, 2021.
[6] “Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - Case Four” Case Study,
STRUCTUREPOINT, 2021.
[7] “Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - Case Five” Case Study,
STRUCTUREPOINT, 2021.
Design Data
fc’= 4,000 psi normal weight concrete
fy = 60,000 psi
Dead load moment, MD = 560 ft-kips
Live load moment, ML = 700 ft-kips
T-Beam overall height, h = 40 in. (Including flange thickness)
Flange thickness, tf = 7 in.
Flange width, bf = 30 in.
Clear cover = 1.5 in.
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Solution
1.

Design Factored Moment

M u = 1.2  M D + 1.6  M L = 1.2  560 ft-kips + 1.6  700 ft-kips = 1792 ft-kips

ACI 318-14 (Table 5.3.1, Eq. b)

Required nominal moment Mn is,

M n, req =

Mu



Assume ϕ = 0.9

M n, req =

1792 ft-kips
= 1991.1 ft-kips
0.9

Since the effective depth of the beam “d” is required to proceed with the subsequent procedures, many iterations
have been carried out to find the required tension reinforcement and it is estimated to be two layers of
reinforcement of #11 rebars.
2.

Equivalent Compressive Block Depth
Determine whether the equivalent compressive block depth “a” will be greater than the flange thickness, tf = 7
in.
For a = tf,
C = 0.85  f c'  b f  t f = 0.85  4 ksi  30 in.  7 in. = 714 kips

As discussed earlier, assume that the beam is reinforced with two layers of #11 reinforcement and clear spacing
between layers = 1 in., the effective depth is:

d = h − clear cover − stirrup diameter − bar diameters −

d = 40 in. − 1.5 in. − 0.5 in. − 1.41 in. −
tf

Mn = C d −
2


clear spacing between layers
2

1 in.
= 36 in.
2


7 in.  1 ft

= 1933.8 ft-kips
 = 714 kips   36 in. −

2  12 in.



Since the required nominal moment from Section 1 (Mn,req = 1991.1 ft-kips) exceeds Mn = 1933.8 ft-kips, the
actual “a” must exceed “tf”.
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3.

Required Tensile Reinforcement
For a > tf

tf 

a

M n , req = 0.85  f c'  A1   d −  + 0.85  f c'  A2   d − 
2
2



1991.1 ft-kips 

12 in.
a
7 in. 


= 0.85  4 ksi  (14 in.  a)   36 in. −  + 0.85  4 ksi  (16 in.  7 in.)   36 in. −

1 ft
2
2 



a2 − 72  a − 483.9 = 0

By solving the parabolic equation above,

a = 7.5 in.  t f
C1 = 0.85  f c'  bw  a = 0.85  4 ksi 14 in.  7.5 in. = 357 kips = T1
C2 = 0.85  fc'  (bf − bw )  t f = 0.85  4 ksi 16 in. 7 in. = 380.8 kips = T2
As1 =

T1 357 kips
=
= 5.95 in.2
fy
60 ksi

As 2 =

T2 380.8 kips
=
= 6.347 in.2
fy
60 ksi

As , req = As1 + As 2 = 5.95 in.2 + 6.347 in.2 = 12.29 in.2

ACI 318-14 requirement for the minimum required area of tensile reinforcement:

As ,min

ACI 318-14 (9.6.1.2)

 3 f '

 3  4000 psi

c

 bw  d 
14 in.  36 in.

2
 fy

 60, 000 psi
 = max of  1.59 in. 
= max of 
=
max
of





1.68 in.2 
200

 200  b  d 
14 in.  36 in. 

w
 fy

 60, 000 psi




As ,min = 1.68 in.2  As , req = 12.29 in.2

Therefore, reinforcing the beam with 8-#11 reinforcement bars of an area As =12.48 in.2 arranged in two layers is
sufficient.
Longitudinal reinforcement spacing requirements are checked below:

d b ,longitudinal 

2 
wbend = 1 −
   r −

2  
2



spBeam Manual (Eq. 2-96)

Where “r” is the inside radius of bend for stirrup = 4 × stirrup radius = 4 × 0.5 in. / 2 = 1 in.

3


2 
1.41 in. 
wbend = 1 −
  1 in. −
 = 0.086
2
2 




d s = Side Cover + db, stirrup + wbend +

db,longitudinal
2

spBeam Manual (Figure 2.21)

For the purpose of conducting a valid comparison with the reference example a value of 1 in. is used for the side
cover.

ds = 1 in. + 0.5 in. + 0.086 in. +

1.41 in.
= 2.291 in.
2

 b − 2  d s   14 in. − 2  2.291 in. 
s provided = 
=
 = 3.139 in.
4 −1

 # of bars − 1  

Figure 2 – Width Due to Stirrup Bend (spBeam Manual – Figure 2.21)
The maximum allowed spacing (smax):

 40, 000 
 40, 000 
smax = 15 
 − 2.5cc  12 

 fs 
 fs 

ACI 318-14 (Table 24.3.2)

cc = the least distance from surface of reinforcement to the tension face which equals to 2.0 in.
Use fs = 2/3 fy = 40,000 psi

smax

ACI 318-14 (24.3.2.1)

  40, 000 

15 
 − 2.5  2.0 
10 in.
  40, 000 

= min 
 = min 
 = 10 in.
 40, 000 
12 in.


12 



 40, 000 



sprovided = 3.139 in. < smax = 10 in.
Thus, smax requirement is satisfied.
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The minimum allowed spacing (smin):

ACI 318-14 (25.2.1)

1 in.
 1 in. 
smin = db + max 
 = 1.41 in. + max 
 = 2.82 in.
d
1.41 in.
 b 
Minimum spacing requirement based on the aggregate size in ACI 318-14 (25.2.1) is omitted in this check for
smin since it is not given by the reference book.
sprovided = 3.139 in. > smin = 2.82 in.
Thus, smin requirement is satisfied.
To check the tensile strain in extreme tension bars to assure the use of ϕ = 0.9, the distance dt to the extreme
tension steel is calculated as:

dt = d + 0.5 in. +

1.41 in.
= 36 in. + 1.21 in. = 37.21 in.
2

Since fc’ = 4,000 psi:

1 = 0.85
c=

a

1

=

ACI 318-14 (Table 22.2.2.4.3)

7.5 in.
= 8.82 in.
0.85

 t = 0.003 

dt − c
37.21 in. − 8.82 in.
= 0.003 
= 0.00966  0.005
c
8.82 in.

Therefore, ϕ = 0.90 (function of the extreme-tension layer of bars strain) as assumed

ACI 318-14 (21.2.1)

Thus, using 8-#11 bars in two layers is sufficient. Beam cross-section is shown in Figure 3.

Figure 3 –Beam Cross-Section with Tension Reinforcement
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4.

Design of T-Section Reinforced Concrete Beam (ACI 318-14) – spBeam Software
spBeam is widely used for analysis, design and investigation of beams, and one-way slab systems (including
standard and wide module joist systems) per American (ACI 318) and Canadian (CSA A23.3) codes. spBeam can
be used for new designs or investigation of existing structural members subjected to flexure, shear, and torsion
loads. With capacity to integrate up to 20 spans and two cantilevers of wide variety of floor system types, spBeam
is equipped to provide cost-effective, accurate, and fast solutions to engineering challenges.

spBeam provides top and bottom bar details including development lengths and material quantities, as well as
live load patterning and immediate and long-term deflection results. Using the moment redistribution feature
engineers can deliver safe designs with savings in materials and labor. Engaging this feature allows up to 20%
reduction of negative moments over supports reducing reinforcement congestions in these areas.

Beam analysis and design requires engineering judgment in most situations to properly simulate the behavior of
the targeted beam and take into account important design considerations such as: designing the beam as
rectangular or flanges (T-Beam) sections; using the effective flange width or the center-to-center distance between
the beam and the adjacent beams. Regardless which of these options is selected, spBeam provide users with
options and flexibility to:
1. Design the beam as a rectangular cross-section or a flanges (T-Beam) section.
2. Use the effective or full beam flange width.
3. Include the flanges effects in the deflection calculations.
4. Invoke moment redistribution to lower negative moments
5. Using gross (uncracked) or effective (cracked) moment of inertia
6. Design the beam as singly or doubly reinforced section.

For illustration and comparison purposes, the following figures provide a sample of the results obtained from an
spBeam model created for the beam covered in this design example.
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5.

Comparison of Design Results

Method
Reference
Hand
spBeam

bf,
in.
30
30
30

Mu,
kip-ft
1792
1792
1792

Table 1 - Comparison of Results
As,provided,
Sprovided,
Reinforcement
in.2
in.
8 - #11
12.48
--8 - #11
12.48
3.139
8 - #11
12.48
3.139

As,req,
in.2
12.30
12.29
12.26

As,min,
in.2
1.68
1.68
1.68

In the hand calculations and the reference used illustrated above, the results are in excellent agreement with the
automated exact results obtained from the spBeam program.
The required amount of tension reinforcement in the section can be reasonably estimated using the following
equation that is based on practical experience.

As _ est

12 in.
1991.1 ft-kips 
Mn
1 ft = 12.44 in.2
=
=
0.8  f y  h
0.8  60 ksi  40 in.

The design process of reinforced concrete beams (rectangular or flanged) for flexure is a time-and-budgetconsuming process in any design project as beam members are mainly and repeatedly compose conventional
building frames. Therefore, using spBeam by industry professionals for the repetitive analysis and design of
important structural members is beneficial in term of time and budgets while achieving accuracy and proficiency.
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