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loads; Mdnc = total unfactored dead load moment acting on the 
monolithic or noncomposite section; Snc = section modulus for 
the extreme fiber of the monolithic or noncomposite section 
where tensile stress is caused by externally applied loads;

and f 'c = specified compressive strength of concrete.
Because AASHTO LRFD specifications are in a format 

that unifies the design of prestressed and nonprestressed con-
crete, this provision is applicable to both and in any combina-
tion. Eq. (1) is consistent with the ACI 318-08 provision for 
prestressed concrete except for the modulus of rupture used 
to calculate the cracking moment. In ACI 318-08, the coef-
ficient used in Eq. (3) is 7.5 instead of 11.7. This difference 
has a significant impact on minimum reinforcement and is 
discussed in detail in the original paper.

AASHTO LRFD specifications allow the sectional 
requirement of Eq. (1) to be waived if

where Mu = factored moment. This overstrength criterion is con-
sistent with the ACI 318-08 provision for reinforced concrete.

ACI 318-08 provisions 
In 1963, Eq. (5) was introduced into ACI 318 to provide a 

minimum amount of flexural reinforcement.

where As,min = minimum area of nonprestressed flexural tension 
reinforcement; bw = web width; ds = distance from extreme 
compression fiber to centroid of nonprestressed flexural ten-
sion reinforcement; and fy = specified minimum yield stress of 
nonprestressed flexural tension reinforcement.

Eq. (5) was said to be derived by equating the capacity of 
a reinforced section with a plain concrete section. However, 
because concrete strength is not a variable in this equation 
and the modulus of rupture depends on the concrete strength, 
this equation was apparently intended to provide minimum 
flexural reinforcement for the prevailing concrete strengths in 
use at the time. This equation was updated and expanded by 
C. G. Salmon, who derived an equation introduced into ACI 
318-95 as shown below.

In Eq. (7) As = area of nonprestressed flexural tension rein-
forcement; and j = modifier for ds to estimate the moment arm 
between the centroids of the compressive and tensile forces in 
a flexural member. The cracking moment,

Table 2: �Minimum overstrength provisions for reinforced 
concrete

Table 1: �Minimum sectional provisions for reinforced concrete

Source Requirement Comments

AASHTO LRFD 
specifications

Mcr calculated with fr = 11.7√fc'

ACI 318-08
For T-beams with flange in  
tension, bw = 2bw or b,  
wichever is less

Freyermuth 
and Aalami	

Not applicable to T-beams with 
flange in tension

ASBI Fct calculated with fct = 7.3√fc'

Proposed Mcr calculated with fr = 7.5√fc'

Note: As,min = minimum area of nonprestressed flexural tension reinforcement; b = width of 
compression face of member; bw = web width; ds = distance from extreme compression fiber 
to centroid of nonprestressed flexural tension reinforcement; f ’c = specified compressive 
strength of concrete; fct = direct tensile strength of concrete; fsu = specified tensile strength 
of nonprestressed flexural tension reinforcement; fy = specified minimum yield stress of non-
prestressed flexural tension reinforcement; fr = modulus of rupture of concrete; Fct = tensile 
force in concrete when the extreme tension fiber has reached a flexural tension stress equal 
to the direct tensile strength of concrete fct ; Mcr = cracking moment; Mn = nominal flexural 
resistance; φ = resistance factor.

Mn ≥
1.2Mcr

φ

As,min = bwds ≥ 200
fy fy

bwds

As,min = bwdsfsu

As,min = fy

1.2Fct

Mn ≥ fsu

1.5fy

φ

Mcr

Source Requirement

AASHTO LRFD specifications

ACI 318-08

Freyermuth and Aalami

ASBI

Proposed

Note: fsu = specified tensile strength of nonprestressed flexural tension 
reinforcement; fy = specified minimum yield stress of nonprestressed flexural 
tension reinforcement; Mn = nominal flexural resistance; Mu = factored moment; 
φ = resistance factor.
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