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INTRODUCTION
This follow-up article on the recently published article 

“On Second Thought? A New Perspective on Secondary 
Moments”1 is intended to clarify some thoughts and ideas 
presented in the original article and to discuss the ideas 
from a practical perspective so that engineers have guid-
ance on how to apply them in daily design.

CURRENT ACI 318 PROVISIONS ON 
SECONDARY EFFECTS

The original article stated that the ACI 318-192 defi-
nitions for secondary effects “are not recommended for 
use in design,” which was a poor choice of words. To be 
very clear, the intent of the original article was never to 
instruct engineers to ignore or violate the current ACI 
318 standard. Secondary effects are referred to in ACI 
318, Section 5.3.11, as “internal load effects due to reac-
tions induced by prestressing.” While this ACI definition 
is easily applied to many daily design conditions, there 
are some conditions where the application of this defini-
tion is more complicated. The original article presents a 
different definition that clarifies these conditions while 
not conflicting with the current ACI definition. In many 
common design conditions, both sets of definitions will 
result in an identical calculation of secondary effects. 
In cases where the ACI definition may not seem clear, 
engineers may find some benefit in applying the alternate 
definition for secondary moments recommended by the 
original article, Msec = Mbal – Mp. This definition has been 
well documented and is already widely used by practicing 
engineers. The definition in the original article was meant 
to supplement and extend the current ACI definition, not 
conflict with it.

PRACTICAL APPLICATION OF “ON SECOND 
THOUGHT? A NEW PERSPECTIVE ON 

SECONDARY MOMENTS” … 
A REFLECTIVE ANALYSIS

TRADITIONAL DESIGN APPROACH
The traditional approach to calculating secondary 

effects (consistent with the current ACI definition) 
has been well documented and used for more than 50 
years and is described in many existing textbooks and 
various other publications. It has been widely used—
some estimates have post-tensioning (PT) used in more 
than 50,000 buildings in the United States3,4 alone, and 
nearly all these buildings have secondary effects. Given 
this extensive use, the author is unaware of any reported 
problems related to the calculation of secondary effects 
in these buildings.

Why, then, introduce a different approach or new 
perspective? One reason is that the traditional approach 
and corresponding research operate under the assump-
tion that the effective tension force in the tendon is 
balanced by an equal and opposite net axial compression 
force in the concrete. When prestress is diverted from the 
design cross section, that assumption is no longer true, 
and things get more complicated. The original article 
merely pointed out that the traditional formulation, while 
valid and useful, is incomplete without consideration of 
this effect. Diversion of prestress can be derived from 
various sources, such as restraint from stiff columns or 
walls or diversion from more heavily prestressed areas to 
adjacent lightly prestressed areas (for example, from the 
web of a beam into the beam flanges). This is not always 
a detrimental effect; it is simply a behavior that must be 
accounted for in the statics of the strength calculations. 
The lack of any serious problems observed is a tribute to 
the resiliency of PT as a reinforcing material, the fact 
that this diversion can be minimal in many typical condi-
tions, and the engineers’ recognition of this effect and 
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use of various mitigation tools. Restraint effects will be 
discussed in more detail later in this article. Suffice it to 
say that in some conditions this effect can be significant 
and should not be ignored. The original article provides a 
rational way to incorporate axial forces caused by diver-
sion of prestress into the design.

SECONDARY EFFECTS: LOAD OR CAPACITY?
The original article introduces a potentially unfa-

miliar method that includes the secondary actions in the 
capacity calculation. The goal behind introducing this 
approach was merely to help engineers understand this 
relationship and that this approach is numerically iden-
tical to including secondary actions in the demand loads. 
The difference between the two approaches is simply a 
numerical offset of the demand and capacity. ACI 318 
is very clear that secondary actions should be included 
in the demand loads, so this approach should be used in 
daily design. The alternative approach introduced in the 
original article can be useful in visualizing and under-
standing the strength behavior in some conditions.

RESTRAINT EFFECTS
Restraint-to-shortening (RTS) is a common effect 

that engineers must consider in the design of concrete 
structures—it is not unique to PT structures. RTS effects 
can be difficult to calculate due to their time-dependent 
nature. They are a function of the stiffness and creep 
characteristics of the concrete, and they are dependent 
upon the construction schedule and sequence, which are 
often not well known at design time. Engineers have long 
recognized this behavior and have attempted to mitigate 
RTS effects using various philosophies, including using 
joinery details such as slip joints, structural separation, 
and pour strips.5 

While the original article provides a mathematical 
means to incorporate axial forces caused by restraint 

effects, determining the magnitude of this restraint 
force can be difficult. Multi-story effects complicate 
this further, as an intermediate floor under construc-
tion can experience temporary RTS, which is eventually 
relieved as it receives beneficial forces as levels above are 
constructed and then stressed. The inability to deter-
mine the restraint force accurately is an uncertainty that 
needs to be rationalized and dealt with just like any other 
uncertainties in structural design, often requiring engi-
neering judgment.

The original article introduced Example 1, which 
shows a member that does not receive any precompres-
sion with a resulting capacity of 0 (Mn = 0). While this 
example is technically correct, it is hypothetical and does 
not represent behavior that would be encountered in real 
structures. It was simply meant to illustrate that precom-
pression participates in the strength of PT members. In 
practical conditions, it would be virtually impossible 
to impose a fully restrained condition resulting in no 
precompression in the member. Furthermore, Example 1 
makes other assumptions that would not be encountered 
in practical conditions. Tendons are normally draped, 
and friction would cause the strand stress to increase 
from fse to fps post-cracking, both of which would provide 
significant amounts of strength in the section. Restrained 
PT members do in fact normally have generous amounts 
of strength.

From a practical standpoint, joinery details and 
other available mitigation tools should always be the 
first choice to minimize restraint. Intermediate floors in 
multi-story buildings often experience only temporary 
RTS, so the practical cases where RTS must be rigorously 
considered may be somewhat limited. Such cases may 
include ground floors restrained by rigid foundations 
and roof levels that do not receive the beneficial effects 
of prestressing from floors above. However, even when 
restraint is considered, the magnitude of this restraint 
should be quantified carefully, and when included, the 
resulting effects on the flexural strength calculations are 
often not extreme.

CONCLUSIONS
The original article introduced some potentially 

unfamiliar terms and concepts. These concepts were 
meant to supplement and support the traditional 
approach, not conflict with it. The original article, paired 
with the recommendations in this article, provides engi-
neers with additional tools and insight that can aid in 
daily design practice.
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