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ABSTRACT

Design practice for prestressed members has moved toward allowing partially prestressed
members, which are allowed to crack under service loads. To define design requirements, the
ACI 318 Building Code explicitly defines different classes of prestressed flexural members. A
simple procedure for computing immediate service-load deflections that accurately incorporates
the effects of cracking in Class T and Class C partially prestressed concrete members is not yet
standardized.

The primary focus of this study is to propose and evaluate the accuracy of a simple
method for estimating the immediate deflections of cracked prestressed flexural members
subjected to service loads. To achieve this a database of tests representing only beams expected
to crack under service loads was created from published data and used to compare four methods
of calculation of deflection. The outputs of the methods were compared to reported measured
deflection values at key service-load stress levels. Conclusions were made about which of the
methods provided accurate results. The methods differed in approach when calculating the
effective moment of inertia, cracked moment of inertia, and identifying the load level at which
the transition of uncracked behavior transitions into cracked behavior.

Overall, of the four methods compared, the proposed method was found to be the most
accurate method when predicting immediate deflections for cracked, prestressed flexural
members. The proposed method uses a cracked-section moment of inertia calculated including
prestressing effects, a decompression moment at which uncracked behavior transitions to cracked
behavior, and an effective moment of inertia based on moment ratios relative to the

decompression moment.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Prestressed members were historically designed to remain uncracked under service loads
(i.e., “fully prestressed””). When that was standard practice, calculating immediate deflections
under service loads was straightforward and based on uncracked section properties. In the late
20th century, design practice started to move toward allowing partially prestressed members,
which were allowed to crack somewhat under service loads. This then presented the problem of
how to compute the deflections due to service loads for cracked prestressed concrete members.
Beginning with the 2002 ACI Building Code Requirements for Structural Concrete (ACI
Committee 318 2002), different classes of prestressed flexural members were explicitly defined,
and classification now corresponds to the level of tensile stress in the extreme fiber of the section
under service load assuming an uncracked section. Class T and Class C members are allowed to
crack under service loads. Cracking was to be accounted for in the design checks for these
members, but a simple procedure for computing immediate service-load deflections that
accurately incorporates the effects of cracking in these partially prestressed concrete members
has not yet gained consensus endorsement for ACI 318 adoption.
1.2 RESEARCH OBJECTIVES AND SCOPE

The primary objective of this thesis is to propose and evaluate the accuracy of a simple,
clear method for estimating the immediate deflections of Class T and Class C prestressed
flexural members subjected to service loads. To achieve this objective a database of tests that are
representative of beams designed to crack under service loads was established and used to

compare different methods of deflection calculation.



The database was created by compiling multiple tests from papers that mostly predate the
creation of ACI 318 Class T and Class C member classifications. The beam tests were filtered to
obtain a set of tests of only beams that could realistically be considered Class T or C prestressed
flexural members according to current ACI 318 (2019) requirements. Once the database was
compiled, the accuracy of four methods of calculating deflection was evaluated by comparing
predicted service-load deflections to the deflections reported by the original researchers.

1.3 ORGANIZATION OF THESIS

Chapter 2 outlines the historical background of simplified methods for estimating
immediate service-load deflections for structural concrete permitted to crack under service loads.
The chapter begins with an overview of a long-standing method for cracked, nonprestressed
concrete then describes issues related to the extension of this approach to cracked prestressed
concrete members. The author’s proposed approach to the problem is described. The chapter also
describes two other proposed approaches to calculating immediate deflection for prestressed
concrete members.

Chapter 3 describes the database compiled to assess the accuracy of methods proposed
for computing immediate service-load deflections of Class T and Class C flexural members. The
descriptions include the process and criteria used to select tests so as to focus on specimens that
could realistically be considered Class T or Class C because most tests were performed before

these classes were defined.

Chapter 4 shows results and comparisons of the four methods looked at in predicting

immediate deflections. Inaccuracies of the outputs of each method are discussed.

Chapter 5 provides a summary and conclusions of the research. Recommendations for

future research are provided.



CHAPTER 2: METHODS FOR COMPUTING IMMEDIATE DEFLECTIONS OF
CRACKED PRESTRESSED CONCRETE BEAMS

2.1 INTRODUCTION

This chapter provides historical background for simplified methods for estimating
immediate deflections under service loads for structural concrete flexural members permitted to
crack under service loads. It begins with an overview related to a common, long-standing method
of calculation of immediate service-load deflections of cracked nonprestressed reinforced
members. After outlining some of the potential complications of extending this method to
cracked prestressed concrete members, it describes a proposed procedure for doing so. Two other
recently proposed approaches are also described herein.
2.2 COMPUTING IMMEDIATE DEFLECTIONS OF CRACKED
NONPRESTRESSED REINFORCED CONCRETE BEAMS

The calculation of immediate service-load deflections of nonprestressed reinforced
concrete flexural members for checking against permissible limits in ACI 318 has long been
based on using general elastic deflection formulas. This is accomplished with sufficient accuracy
by combining the elastic concrete modulus of elasticity, E¢, with an “effective” moment of
inertia, le, that simultaneously accounts for (a) the nonlinear effects of tension stiffening after the
member begins to crack, and (b) the extent of the cracking zone along the span of the member.
Branson (1963) developed an expression for le that used boundaries where I¢ falls between (a)
the moment of inertia of the uncracked cross section and (b) the moment of inertia of the

cracked, linear-elastic cross section, lcr, as seen in Figure 2-1.
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Figure 2-1: Normalized moment-deflection curve for a nonprestressed reinforced concrete
flexural member (adapted from Branson [1977])

The relative value of le between these bounds was determined by Branson (1963) to
depend on the magnitude of the bending moment at the critical cross section, Ma, relative to the
moment expected to cause cracking, Mcr, at the same section. After research conducted at
Auburn University, Branson concluded that this moment ratio (Mc/Ma) should be raised to a
power of 4 when determining the effective moment of inertia near an individual cracked cross
section, but that a power of 3 was more appropriate when determining an average effective

moment of inertia for use over the entire length of a simple reinforced concrete beam, resulting

in Equation 2-1.

11



I, = ((%63) I, + [1 — ((1‘1/\[4")3” I, Equation 2-1

a a

Here le is computed as a weighted average of the uncracked section and cracked section
moments of inertia (Iq and lcr, respectively), with the moment ratio raised to the third power as
the weighting factor. Branson (1963) deemed the use of the gross moment of inertia (lg) for the
uncracked section to be an adequate simplification. This effective moment of inertia formula was
adopted in ACI 318 soon thereafter and remained in use until modified in 2019 (ACI 318 2019).
To determine the immediate deflection of a cracked, simply-supported, nonprestressed concrete
beam or one-way slab, this value of I¢ is simply combined with Ec to form the rigidity (EI) in the
appropriate linear-elastic deflection formula for the applied loading under consideration.

23 METHODS FOR COMPUTING IMMEDIATE DEFLECTIONS OF CRACKED
PRESTRESSED CONCRETE BEAMS

If prestressed beams are not cracked under service loads (i.e., they are “fully
prestressed”), calculating the immediate deflection of prestressed beams is a simple,
straightforward process using the uncracked section properties (or gross section properties for
simplicity). In 2005, ACI 318-05 formally introduced new classifications for prestressed flexural
members—defining Class T and Class C prestressed flexural members, which would be expected
to crack under service loads, based on computed extreme-fiber tension stresses (often referred to
as “partially prestressed” members).

ACI 318-19 R24.5.2.1 currently defines three classes of behavior of prestressed flexural
members based on computed extreme-fiber tension stresses under service loads. Class U

members are members that have a computed service-load tension stress that does not exceed
7.5\ f'. and are thus assumed to behave as uncracked under service loads (often referred to as
“fully prestressed” members). Class T members are defined as having a calculated service-load

12



tension stress falling between 7.5./f'. and 12,/ f’.. Class C members are defined as having a

calculated service-load tension stress greater than 12\/ﬁ. Thus, Class T and Class C represent
increasing levels of “partially prestressed” behavior, with nonprestressed concrete falling at the
far end of the spectrum.

These newly defined classes of partially prestressed members intensified a need to be
able to calculate immediate service-load deflections for cracked prestressed members for
checking against allowable deflection limits. When viewed within the framework of an effective
moment of inertia method of computing deflections, several issues arise and warrant discussion
prior to application.

2.3.1 Translating Ie Method To Prestressed Concrete

One issue that must be addressed when applying Branson’s le method to prestressed
concrete members is the level of bending moment at which to initiate application of this le. ACI
318 (2019) Section 24.2.3.9 has retained the use of the Branson (1963) le for use with cracked
(Class T and Class C) prestressed members but has not yet explicitly addressed this question.
The Commentary (R24.2.3.9) cites a variety of sources with potential alternative methods, but
ACI 318 itself implies the use of le over the full range of applied loading. An issue with this
approach is that the Branson I is based on nonprestressed behavior in which the tension face of
the beam goes into tension as soon as a load is applied and cracking initiates under relatively
small service loads. However, a prestressed beam has a precompression force and moment that
keep the tension face in compression until a much higher bending moment is applied to the
beam.

Shaikh and Branson (1970) addressed this issue by proposing a modification where the

beam is treated as uncracked for deflections up to the dead load moment and the Branson (1963)

13



le is only computed for and applied to the portion of loading beyond the dead load. This

technique is also adopted in the PCI Design Handbook (up to the current 8" edition). Figure 2-2

adapted from Branson (1977) shows a typical moment versus deflection curve of a prestressed

beam. The smaller axis origin located at the dead load moment in Figure 2-2 represents the

starting point where an effective moment of inertia corresponding to nonprestressed beam

behavior would start.
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Figure 2-2: le concept for service load deflection computations in cracked prestressed members

(adapted from Branson [1977])

A related issue is the moment ratio (Mc/Ma,) to be used to reflect the extent of cracking in

the le formulation. In the original formulation for nonprestressed concrete, both Mcr and M, are
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implicitly measured from a state of zero stress on the cross section. However, for prestressed
concrete, a significant portion of the applied bending moment (and the resisting cracking
moment, Mcr) are exhausted before the precompression of the cross section is overcome.
Therefore, a specific value of Mc/Ma represents a different extent of cracking in a nonprestressed
beam than in a prestressed beam. The method proposed by Shaikh and Branson (1970) employs
the ratio of the portions of M¢r and applied moment that exceed the dead load moment (Mp). This
approach is implicitly adopted in the PCI Design Handbook (PCI 2017) Ie formulation.

The more theoretically correct approach of using the decompression moment, Mgec,
(moment at which the bottom fiber overcomes the precompression stress) as the transition
moment from prestressed to nonprestressed behavior, is depicted in Figure 2-3. This method of
using Maec as the transition moment is the closest to representing the fundamental flexural
behavior of a prestressed concrete beam as the superposition of a nonprestressed concrete beam
(with an effective moment of inertia, l¢) onto a precompression moment equal to Mgec. Because
the precompressed portion of the cross section first experiences tension when the applied
bending moment equals Mgec, this is the logical level of moment to use as the basis for

correspondence with nonprestressed behavior (as represented by le).
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Figure 2-3: Proposed le procedure—use of decompression moment as transition point for Ie
While the Shaikh and Branson (1970) method of using the dead-load moment as the

transition moment does make for simpler, single-increment live-load deflection calculations, the
more fundamentally sound approach of using Mqec as the transition moment should be more
accurate over a wider range of partially prestressed members. There is no reliable relationship
between the dead load moment and the decompression moment. In fact, the disparity between the
dead load moment and Mgec is likely to be considerably different for Class C members than for
Class T or Class U (uncracked) members. Furthermore, the accuracy associated with using the

dead-load moment as the transition moment can be expected to vary for the same prestressed
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member when used in two different design scenarios with different proportions of dead and live
load.

Therefore, the le method proposed in this thesis for Class T and Class C prestressed
flexural members employs two modifications based on the establishment of the decompression
moment (Mdec) as the transitional moment from fully prestressed behavior to cracked behavior:

1) The effective moment of inertia (l¢) should only be used for the portion of the applied

moment exceeding Maec at the critical section for cracking. The moment of inertia of
the uncracked section (or Ig for simplicity) should be used for the portion of the
applied moment up to Mec.

2) The moment ratio used in computing le should be based on the portions of (applied

and resisting) moments beyond Mgec. (i.e., the moment portions corresponding to

tension in the concrete):

Mg — Mgoe\® Mg — Mgoo\® _
I, = [( cr dec) llg n [1 _ ( cr dec) llcr Equation 2-2
Ma - Mdec Ma - Mdec

In general, these proposed modifications are not new; Naaman (1985) and ACI
Committee 423 (ACI 423.5R 1999) both reported “general agreement” among researchers on
this modified approach but noted some ongoing disagreement about specific definitions of Mgec
and l¢r for prestressed members. For example, Chen (1973) proposed a different definition for the
decompression moment. In the method proposed in this thesis, Mgec is defined as the moment
that corresponds to zero stress at the location where cracking is first expected (e.g., the bottom
fiber under positive bending moment). This definition of decompression moment (Maec) iS

common (e.g., Bachmann 1984).

17



2.3.2 What l¢r to Use in Ig?

As noted above, there has been substantial difference of opinion on how I¢r should be
defined or calculated to represent the cracked-section moment of inertia for prestressed concrete
members for use in the le equation. Shaikh and Branson (1970) used what is often referred to as
the “fully cracked” moment of inertia, which neglects the influence of the prestressing force on
the flexural rigidity of the cracked cross section (i.e., computed as if the prestressed
reinforcement was not prestressed). This is a very simple and conservative approach, but it does
not accurately account for the effect of prestressing force on the neutral axis position and
curvature in a cracked prestressed beam (Nilson 1976; Moustafa 1977; Boczkaj 1994; Mast
1998; Bischoff, Naito, and Ingaglio 2018). A more accurate approach would be to use I that
accounts for the precompression in the beam; however, this “partially cracked” lcr varies with the
bending moment applied to the cross section. Branson (1983) noted that he employed the “fully
cracked” lcr because it required much less calculation to reach an approximate value. Mast
(1998) has since expanded on a practical method to determine accurate cracked-section
properties, stresses, and curvature including the effects of the prestressing force through the use
of simple computing applications to handle the iterative calculations often required. With the
advancement of technology, this lcr can be easily computed using a spreadsheet and solver
routine.

The method proposed in this thesis employs the cracked-section I¢r value that includes the
effect of the prestress force and is evaluated at a bending moment equal to the total service-load
moment under consideration—in other words, the “partially cracked” value or Mast (1998)
approach. This is the value of I¢r that should be used in the Proposed Method for Ie given in

Equation 2-2. Using this l¢r is more accurate theoretically than using a (“fully cracked”) value

18



that neglects the prestress force, and it is still slightly conservative because it is (a) evaluated at
the peak value of applied bending moment, and (b) less than the secant cracked-section I¢r on
which the original Branson le equation is based. The computation of I¢r should also include the
influence of any nonprestressed reinforcement in the member. Because Class T and (especially)
Class C prestressed members often rely on nonprestressed tension reinforcement to provide a
portion of their flexural strength, the inclusion of the stiffness added by this reinforcement is
important for accurate estimation of service-load deflections when cracked.

In order to see the effect of implementing the simpler, “fully cracked” lcr that neglects the
prestress force (used by Shaikh and Branson [1970]), predictions computed by substituting the
“fully cracked” l¢r from Equation 2-2 into the Proposed Method were performed. These
predictions are referred to as the “Branson No P”” Method in Chapter 4 of this thesis.

2.3.3 Bischoff’s Rational and Trilinear Methods

Bischoff (2005, 2007) introduced another method of calculating le. This approximation
for nonprestressed members was in response to Branson’s method not being very accurate when
beams had atypical amounts of steel. This method was adapted further by Bischoff, Naito, and
Ingaglio (2018) as the “Rational” method for prestressed concrete beams, in which an offset or
“shift” moment, My, is where the change in moment of inertia occurs, as seen in Equation 2-3
(Bischoff, Naito, and Ingaglio 2018). This shift moment is typically greater than the
decompression moment used in the method proposed in this thesis.

ICT’

M, —M I
1 - = ="/ )

I; =

Equation 2-3
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o ()

M; = i Equation 2-4
-7
g

Equation 2-3 is only valid if the applied moment, Ma, is greater than the cracking
moment, Mcr, (Ma > Mcr) and the shift moment, My, using Equation 2-4 (Bischoff, Naito, and
Ingaglio 2018), is less than Mcr (M1 < Mcr). Equation 2-3 and Equation 2-4 use a “fully cracked”
value of I¢r (i.e., neglecting the influence of the prestress force on the moment of inertia).

When the shift moment is greater than the cracking moment (M1 > Mcr), then Equation 2-
5 (Bischoff, Naito, and Ingaglio 2018) is applied, in which the new shift moment, A/, from
Equation 2-6 (Bischoff, Naito, and Ingaglio 2018) uses the “partially cracked” value of | ’cr to
reach a better evaluation of an effective moment of inertia, I”, (i.e., the second possible value) if
M1 does not exceed Mcr. However, if the new shift moment, M1, is greater than My, then the
prescribed value of I (i.e., the third possible value) is the unmodified value of the “partially

cracked” I’cr.

I,CT'
I: = : _
My =My 1'cr/ Equation 2-5
1 (Ma —M'1) (1 Ig)
[MIO - M, (I;CT>]
M’y = g Equation 2-6

(-7

The Trilinear Method proposed by Bischoff, Naito, and Ingaglio (2018) simplifies the
Rational Method by decreasing the amount of conditional checks used. An intermediate moment
of inertia, which is denoted as | ¢r and calculated using Equation 2-7 (Bischoff, Naito, and

Ingaglio 2018), transitions from the gross-section moment of inertia, lg, to the “fully cracked” lcr

as shown in Figure 2-4. This method also simplifies the Rational Method by not requiring an

20



iterative approach to reach a “partially cracked” I cr and other properties of a “partially cracked”

section.

(M" B Mcr)

(M" = M) = (Mer = M,0) () -

Incr —

Equation 2-7

This calculation uses boundaries of a shift moment, M, which is the greater value of (a)
1.5 multiplied by the (zero-curvature) prestress moment, Mo, or (b) the moment corresponding to
the upper limit of Class T. This method may have up to three branches of deflection to be
calculated: the uncracked properties up to cracking, an “intermediate” cracking moment of
inertia | ¢ as calculated in Equation 2-7, and then if the applied moment exceeds the

intermediate boundary M (Ma > M ") then the “fully cracked” I¢r is applied.

M

O duy Dur Curvature ¢

Figure 2-4: Simplified Trilinear Method approach for computing deflection (Bischoff, Naito, and

Ingaglio 2018)
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2.3.4 Design Example
In order to better explain and illustrate the method proposed in this chapter, as well as the
other methods discussed, application of all four methods to a standard example beam from the
PCI Design Handbook (2017) is presented in Appendix B. Detailed, annotated calculations are

included.
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CHAPTER 3: DATABASE OF CLASS T AND CLASS C FLEXURAL TEST RESULTS

3.1 INTRODUCTION

This chapter describes the flexural test results collected for the database along with the
criteria used to select the test specimens that represent members that represent Class T and Class
C prestressed members. The chapter then continues to describe the database configuration and
the importance of the entries chosen to be presented in the database itself which can be found in
Appendix C of this thesis.

3.2 BEAM RESEARCH STUDIES

This database comprises 106 beam flexural tests from nine research studies ranging from
1956 to 2015.

Janney et al. (1956) test specimens consist of rectangular cross sections with an overall
depth of 12 inches and clear span of 9 feet each loaded with a single midspan load. Each test
specimen contained different amounts of prestressing reinforcement and was either pre- or post-
tensioned. Some specimens in this study had unbonded prestressing or had nonprestressed
reinforcement. Bonded prestressing had slightly rusted reinforcement to achieve a better bond.
The tests predate low-relaxation strands and have relatively high loss of prestress. After applying
the selection criteria to the tests in this study, six tests were included in the database.

Sozen (1957) reported tests of rectangular or I-shaped cross sections with an overall
depth of 12 inches and clear spans ranging from 7 to 9 feet. Tests were loaded either with a
single midpoint load or two symmetrically placed point loads. Each test contained different
amounts of prestressing reinforcement and was either pre- or post-tensioned. Some tests in the
study had little to no prestressing and/or concrete strength less than 3,000 psi. The focus of this

study was to look at the shear strength so the limiting load for each test might be controlled by
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when a shear crack opens. After applying the selection criteria to all tests in this study, 33 tests
were included in the database.

Hernandez (1958) reported I-shaped test specimens with an overall depth of 12 inches
and clear span of 9 feet. Tests included either a single midpoint load or two symmetric point
loads. Each test contained different amounts of prestressing reinforcement; all specimens were
pretensioned. This study was a continuation of the Sozen (1957) study and has similarities in the
focus on shear as well as little to no prestressing in some tests and low concrete strengths. After
applying the selection criteria, 20 tests were included in the database.

Warwaruk (1960) reported tests of rectangular beams with an overall depth of 12 inches
and a clear span of 9 feet each loaded with two symmetric point loads. Each test contained
different amounts of prestressing reinforcement and were either pre- or post-tensioned. There are
some tests in this overall study that had partially bonded or intentionally unbonded reinforcement
to replicate potential construction flaws. These were discarded from further consideration. After
applying the selection criteria, 20 tests were included in the database.

Shaikh (1967) reported 12 tests of rectangular beams with an overall depth of 8 inches
and clear span of 15 feet each loaded with two symmetric point loads. Each test contained
different amounts of prestressing reinforcement and was pretensioned. Some tests in this study
contain nonprestressed reinforcement. The nonprestressed reinforcement used was either
prestressing steel referred to as “Non-tensioned High Strength Steel”, 33 ksi minimum yield
strength steel, or 60 ksi minimum yield strength steel. Another characteristic noted about this
study is that the change in concrete strains were measured between the time that the strands were
prestressed to the time of the test instead of reporting a stress in the reinforcement at the time of

the test. After applying the selection criteria, all 12 tests were included in the database.
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Aswad et al. (2004) reported three full-scale, pretensioned double-tee tests with an
overall depth of 30 inches and clear span of 62 feet. A uniform load was approximated for each
test using concrete blocks. Each test contained different amounts of prestressing reinforcement.
All three tests satisfied the selection criteria and were included in the database.

Sagan and Frosch (2009) reported tests of pretensioned, rectangular beams with an
overall depth of 28 inches and clear span of 13.33 feet each loaded with a single midpoint load.
Each specimen contained different amounts of prestressing reinforcement. The focus of this
study was to look at the shear strength, so the limiting load for each test might be controlled by
when a shear crack opens. A notable feature of this study is that it included three series of test
specimens all with approximately the same total effective prestress force. This effective prestress
force was achieved in each series with a different combination of prestressed reinforcement area
and effective prestress level. The amount of nonprestressed reinforcement varied for each
specimen in a series. After applying the selection criteria, eight tests were included in the
database.

Brewe and Myers (2011) reported T-beam tests with an overall specimen depth of 12
inches and a clear span of 14.5 feet; each loaded with two symmetric point loads. Each test
contained different amounts of pretensioned reinforcement. Some tests in this study were
designed to fail in shear under non-symmetric loading. After applying the selection criteria, three
tests were included in the database.

Naito et al. (2015) reported a study that evaluated many different types of testing for
quality assurance. The beams that underwent flexure testing had rectangular cross-sections, a 6

inch depth, and a clear span of 11.5 feet each loaded with two symmetric point loads. Each
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specimen was pretensioned. After applying the selection criteria and discarding specimens with
intentional damage or quality issues, only one test was included in the database.
3.3 CRITERIAUSED IN SELECTING BEAMS TO BE USED IN THIS STUDY
Tests selected had to satisfy the following selection criteria.
1. Simply supported members with symmetrically applied loading.
2. Concrete compressive strength greater than 3000 psi at the time of the test.
3. Bonded (prestressed or nonprestressed) reinforcement.
4. A decompression moment exceeding 50% of the cracking moment at the midspan
Cross section.
5. Members for which the maximum reasonable service-level moment at midspan
exceeds the Class U limit.

The overall goal of this study is to look at a typical modern prestressed flexural member
design. The selection criteria were adopted to filter out members that would not be expected to
crack under service-level loads as well as those using out-of-date materials or construction
methods. Criterion 2 was employed because modern prestressed concrete structural components
do not have a strength less than 3000 psi. Criterion 3 was applied to exclude the complex
behavior of unbonded prestressing and to filter out intentionally flawed specimens such as some
in the study by Warwaruk (1960). This criterion also was put in place to not complicate the
prediction of how the prestressing interacted with the concrete and not to have the difficulty of
predicting the stress in the overall beam. Criterion 4 addresses any beams in older studies that
could be disputed as a nonprestressed concrete beam or being lightly prestressed enough to be
considered as a nonprestressed concrete beam since there is no defined boundary of how

prestressed a beam must be to be considered prestressed in ACI 318. Criterion 5 was applied
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because most tests were not specifically designed with Class U, T, or C in mind because these
classes did not necessarily exist at the time. In order to distinguish which beams could be
considered as Class T or Class C, a maximum reasonable service-level moment (Ms max) Was
determined for each test and was chosen as the least of three limiting values based on how each
test was conducted. These three limiting values are as follows:

e 2/3 of the nominal moment strength, Mn

e 2/3 of the test failure moment, Mr

e The moment at which a shear crack was observed in the test, My

Mn was calculated assuming an equivalent rectangular concrete stress distribution in
accordance with ACI 318 (2019) Section 22.2.2.3. An iterative strain compatibility analysis was
used to determine the stress in the nonprestressed and prestressed reinforcement at this calculated
Mn. Given ACI 318 load and strength-reduction factors, a service-level moment cannot exceed
(2/3)Mn. This was the most commonly controlling maximum in the database, and it precludes
most flexural tests of (“fully prestressed’”) members reported in literature. Some of the older tests
fractured before the specimen ever achieved 2/3M,, so the limiting moment was taken to be 2/3
of the actual failure moment (Mg) to more accurately limit the service-level moment for these
beams. A few beams were specifically designed to fail in shear with a diverse range of partial
prestressing techniques. It was judged that the maximum service-level moments for these
specimens could not reasonably exceed the midspan bending moment at the onset of the first
major shear crack, My, which was determined from the load reported by the study author(s).
3.4 DATABASE DATA PROVIDED
For each test in the database, the following information is listed in U.S. customary units:

e A reference ID number unique to this study
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Author(s) of original test report/article
Identification code provided by original reporting author(s)
Reported specimen and test geometry
o Midspan Gross Cross-Sectional Geometry
= Cross Section Type
= h, by, ht, bw, Ytgross
= Ay, lg (calculated if not reported)
Material properties
o Concrete properties
» ¢ test - COmpressive strength of the concrete at the time of the test
= E¢ - Modulus of elasticity of concrete
Reinforcement properties
o Type of reinforcement (pre/post-tensioned, nonprestressed tension,
nonprestressed compression)
o Diameter and area of prestressed reinforcement and nonprestressed
reinforcement
o Effective depth of prestressed reinforcement and nonprestressed
reinforcement
o Number of different sized nonprestressed reinforcement bars in flexural
member
o Length of nonprestressed reinforcement (Ls)
o fpu, fy - Strength of prestressed and nonprestressed reinforcement

o fps - Stress in the prestressed reinforcement at nominal flexural strength
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o fpew — Effective prestress in the prestressed reinforcement under self-
weight
e Span and Loading Configuration of Applied Loads

o Length of the entire beam (Lotar)

o Clear span between supports (L)

o Number of point loads (O if distribued load)

o Location of point loads relative to nearest support

Material properties are values reported by original researchers. Some studies however did

not report all values. In Shaikh (1967), an f’¢ value at the time of testing was not reported so the
best estimate for f’¢test Was the reported 28-day compressive strength. When computing M, the
fos values were estimated using equations reported in Design Aid 15.3.3 of the PCI Design
Handbook 7" Ed. for a 250 ksi strand in Equation 3-1 and Equation 3-2 and 270 ksi strand in

Equation 3-3 and Equation 3-4, respectively:

&ps < 0.0076: f,,s = 28,800¢,5 (ksi) Equation 3-1
> 0.0076 = 250 0.04 (ksi) Equation 3-2
Eps . :fps = £, — 0.0064 si quation 3-
&ps < 0.0085: f,,¢ = 28,800¢,s (ksi) Equation 3-3
> 0.0085 =270 0.04 (ksi) Equation 3-4
Eps . :fps = £ — 0.007 si quation 3-

For linear elastic (uncracked- and cracked-section) analyses, Ep of 28,500 ksi was used
with the one exception of the Janney (1956) study that reported an Ep of 28,000 ksi. An
assumption was made for the nonprestressed reinforcement to have an Es of 29,000 ksi with no
studies having reported this value. The modulus of elasticity of the concrete (E.) is listed in the

database as either a calculated or reported value. Calculated values are shown in the database in
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boldface. The majority of the values of fyew Were reported either as a stress or as an effective

prestress force that was back-calculated into a corresponding stress. The only exception is the

Shaikh (1967) study, where measured change in concrete strain between time of prestressing and

time of testing was used to calculate the effective prestress using the reported force in the strand

before transfer and the change in the strain at the time of prestressing.

e Characteristics related to load-deflection response

o

(@]

o

o

Self-weight moment (Mw)

Decompression moment corresponding to zero stress at tension face as
described in Section 2.3.1 (Mdec)

Total midspan bending moment at each key service load level

Msmax (All three limiting values described in Section 3.3 are reported; the
controlling value is in boldface italics.)

The classification (T or C) of the beam based on Ms max

Reported deflections at each key service load level

3.5 KEY SERVICE LOAD LEVELS

Key service load levels were selected to enable direct numerical comparison of predicted

and measured deflections through the range of service loads that might be expected for Class T

and Class C members. These key service load levels were determined based on the computed

tension stress in the extreme tension fiber of the concrete. The corresponding stress levels are as

follows:

1 6Jf.

2. 7.5/F.

3. 10/f
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4. 12./f',
5. Msmax
The first level is to investigate expected linear-elastic, uncracked behavior. The second
level is the theoretical cracking point of the beam. This also is the boundary between Class U and
Class T beam behavior. The third level is an intermediate point between the boundaries of Class
T and Class C. This level shows any trends that may form as well as providing an intermediate
datapoint for deflection of beams within the Class T zone. The fourth level falls at the boundary
between Class T and Class C beams. The fifth level corresponds to the maximum reasonable
service-level moment for which the specimen could have been designed. For a given specimen,
this level may fall anywhere from Class U to Class C depending on the least of the three limiting
M; values described above. In addition to these key service load levels, the database also includes
the total calculated bending moment that corresponds to an extreme compression fiber stress of
0.60f"., MroTaL0.6, Which is the maximum permissible compressive stress for Class U and Class
T members under service loads (ACI 318-19 Section 24.5.4.1).
For each test in the database, the deflection at each key service load level was carefully
determined by enlarging and scaling the load versus deflection plots provided in the original test

report/article.
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CHAPTER 4: EVALUATING THE ACCURACY OF PREDICTION METHODS

4.1 INTRODUCTION

Four methods of predicting immediate deflection in prestressed concrete beams were
compared to look at the conservatism and accuracy of each method comparatively to one
another. This chapter provides the results of predictions using these methods and discusses the
comparisons between the predictions and measured deflections and any inaccuracies resulting
from each method. These four prediction methods are as follows:

e Branson le without influence of prestress force—uncracked section properties are
applied for the portion of the deflection occurring up to the decompression moment
(Mdec). For the portion of the deflection beyond Mgec, the Branson le as expressed in
Equation 2-2 is applied, and I¢r does not include the influence of the prestress force
(i.e., the “fully cracked” lcr). These predictions are denoted as Agno p or “Branson no
pP.”

e Proposed Method (Branson Ie including influence of prestress force)—uncracked
section properties are applied for the portion of the deflection occurring up to the
decompression moment (Mdec). For the portion of the deflection beyond Mgec, the
Branson I as expressed in Equation 2-2 is applied, and I¢r does include the influence
of the prestress force (i.e., the “partially cracked” lcr). These predictions are denoted
as Aproposed-

e Rational Method—the Rational approach formulated by Bischoff, Naito, and Ingaglio
(2018) and described in Section 2.3.3.

e Trilinear Method—the Trilinear approach formulated by Bischoff, Naito, and
Ingaglio (2018) and described in Section 2.3.3.
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4.2 RESULTS

Results for the four methods in the form of predicted and measured deflections at key
service load levels are reported in Table 4-1 through Table 4-7. Each table contains a reference
number and Beam ID that correspond to the database in Appendix C. Table 4-1, Table 4-2, and
Table 4-3 include all forty beams determined to represent Class T members. Table 4-4, Table 4-
5, Table 4-6, and Table 4-7 include all sixty-six beams determined to represent Class C

members. Each group of tables is then broken down to include the moment, measured deflection
and predicted deflections per method for the key service loading levels of 7.5,/ f'., 10/f.,
12,/f'., and maximum tension stress level for each beam. The Class T beams do not exceed the

service loading level of 12\/ﬁ so this level is only included in the Class C results. In Table 4-1
and Table 4-4, the self-weight moment for each beam is also included. This moment was
subtracted from the total moment at each load level to compare measured and predicted
deflections at the applied loads reported in the literature without the effects of self-weight. A cell
with “N/A” indicates that this load level exceeds the reasonable service-load range (greater than

Msmax) for the test.
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Table 4-1: Measured and predicted deflections in Class T beams at 7.5,/ ', tension stress level

Ref Reference Beam ID Mw MrotAL 75 Atest,7.5 Apredict 7.5
# Author(s) (Kip-in) (Kip-in) (in.) (in.)
1 Naito,Cetisli, Tate NR-12 10 114 0.38 0.24
6 Aswad et al. DT-2 5138 10212 1.46 1.06
7 Aswad et al. DT-3 5645 10188 0.76 0.77
8 Sagan, Frosch V-4-0.93 110 2917 0.059 0.044
29 Warwaruk, Sozen | OB.24.189 9 245 0.13 0.09
30 Warwaruk, Sozen | OB.34.038 9 207 0.12 0.05
31 Warwaruk, Sozen | OB.34.043 9 186 0.16 0.05
33 Warwaruk, Sozen | OB.34.073 9 169 0.13 0.06
42 Warwaruk, Sozen | OB.34.200 9 326 0.19 0.11
43 Warwaruk, Sozen | OB.34.290 9 282 0.13 0.12
44 Warwaruk, Sozen | OB.44.140 9 380 0.21 0.11
45 Warwaruk, Sozen | OB.44.158 9 283 0.17 0.11
46 Warwaruk, Sozen | RB.34.093 9 198 0.14 0.07
47 Warwaruk, Sozen | RB.34.126 9 298 0.16 0.10
59 Sozen A.12.60 9 306 0.17 0.13
68 Sozen B.11.07 6 212 0.06 0.05
69 Sozen B.11.20 6 228 0.08 0.07
70 Sozen B.11.29 6 278 0.09 0.09
71 Sozen B.12.12 6 193 0.15 0.07
72 Sozen B.12.14 6 186 0.08 0.08
73 Sozen B.12.26 6 254 0.16 0.10
75 Sozen B.12.35 6 268 0.18 0.12
76 Sozen B.13.16 6 243 0.13 0.09
79 Sozen C.12.18 6 220 0.15 0.08
80 Sozen C.12.19 6 272 0.12 0.09
81 Hernandez G1 5 176 0.12 0.08
82 Hernandez G2 5 177 0.13 0.08
83 Hernandez G5 5 283 0.15 0.13
84 Hernandez G7 5 294 0.17 0.11
85 Hernandez G9 5 176 0.11 0.08
86 Hernandez Gl1 5 177 0.09 0.08
88 Hernandez G13 5 176 0.10 0.08
90 Hernandez G16 6 278 0.16 0.12
92 Hernandez G24 5 281 0.16 0.13
93 Hernandez G25 5 178 0.10 0.08
96 Hernandez G29 5 282 0.17 0.12
99 Hernandez G35 6 280 0.14 0.10

100 Hernandez G37 6 276 0.12 0.11

101 Janney et al. 1-0.141 9 163 0.07 0.05

104 Janney et al. 2-0.151 9 165 0.07 0.05
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Table 4-2: Measured and predicted deflections in Class T beams at 104/ f’.. tension stress level

Ref MroTaL 10 Atest, 10 ABnor10 | Aproposed,10 | ARational,20 | ATrilinear,10
g | BeamID | ining (in) (in.) (in) (in) (in.)
1 NR-12 N/A N/A N/A N/A N/A N/A
6 DT-2 10701 1.76 1.57 1.56 1.99 1.82
7 DT-3 N/A N/A N/A N/A N/A N/A
8 V-4-0.93 3352 0.076 0.076 0.076 0.108 0.116
29 0B.24.189 270 0.18 0.13 0.13 0.15 0.14
30 0B.34.038 N/A N/A N/A N/A N/A N/A
31 0B.34.043 N/A N/A N/A N/A N/A N/A
33 0B.34.073 N/A N/A N/A N/A N/A N/A
42 0B.34.200 352 0.23 0.16 0.15 0.15 0.16
43 0B.34.290 N/A N/A N/A N/A N/A N/A
44 0B.44.140 N/A N/A N/A N/A N/A N/A
45 0B.44.158 N/A N/A N/A N/A N/A N/A
46 RB.34.093 N/A N/A N/A N/A N/A N/A
47 RB.34.126 325 0.20 0.15 0.14 0.16 0.15
59 A.12.60 N/A N/A N/A N/A N/A N/A
68 B.11.07 N/A N/A N/A N/A N/A N/A
69 B.11.20 251 0.10 0.11 0.11 0.15 0.14
70 B.11.29 300 0.10 0.12 0.12 0.14 0.13
71 B.12.12 N/A N/A N/A N/A N/A N/A
72 B.12.14 N/A N/A N/A N/A N/A N/A
73 B.12.26 N/A N/A N/A N/A N/A N/A
75 B.12.35 N/A N/A N/A N/A N/A N/A
76 B.13.16 N/A N/A N/A N/A N/A N/A
79 C.12.18 N/A N/A N/A N/A N/A N/A
80 C.12.19 N/A N/A N/A N/A N/A N/A
81 G1 N/A N/A N/A N/A N/A N/A
82 G2 N/A N/A N/A N/A N/A N/A
83 G5 303 0.16 0.17 0.17 0.19 0.18
84 G7 317 0.20 0.16 0.16 0.19 0.18
85 G9 N/A N/A N/A N/A N/A N/A
86 G11 N/A N/A N/A N/A N/A N/A
88 G13 N/A N/A N/A N/A N/A N/A
90 G16 N/A N/A N/A N/A N/A N/A
92 G24 301 0.20 0.17 0.17 0.19 0.18
93 G25 N/A N/A N/A N/A N/A N/A
96 G29 N/A N/A N/A N/A N/A N/A
99 G35 301 0.16 0.14 0.14 0.15 0.15
100 G37 297 0.15 0.14 0.14 0.16 0.15
101 1-0.141 189 0.08 0.10 0.10 0.26 0.26
104 2-0.151 191 0.12 0.11 0.11 0.25 0.25
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Table 4-3: Measured and predicted deflections in Class T beams at maximum tension stress level

Ref Ms,max Amax Ag no P,max APro osed,max ARationaI,max ATriIinear,max
¢ | BeamID  ghnin) | (i) (in) (in) (in.) (in.)
1 NR-12 123 0.43 0.34 0.33 0.44 0.43
6 DT-2 10789 1.85 1.87 1.67 2.13 1.96
7 DT-3 10392 0.81 1.01 0.91 1.25 1.12
8 V-4-0.93 3432 0.082 0.084 0.083 0.118 0.129
29 0B.24.189 277 0.18 0.15 0.14 0.16 0.16
30 | OB.34.038 236 0.20 0.10 0.10 0.23 0.24
31 0B.34.043 194 0.20 0.06 0.06 0.12 0.11
33 | O0B.34.073 180 0.16 0.08 0.08 0.14 0.13
42 0B.34.200 372 0.26 0.20 0.18 0.18 0.19
43 0B.34.290 294 0.15 0.14 0.13 0.14 0.14
44 0B.44.140 401 0.23 0.14 0.14 0.14 0.15
45 0B.44.158 294 0.20 0.13 0.12 0.13 0.13
46 RB.34.093 217 0.18 0.11 0.11 0.16 0.15
47 RB.34.126 334 0.21 0.17 0.16 0.18 0.17
59 A.12.60 328 0.19 0.17 0.16 0.16 0.17
68 B.11.07 215 0.06 0.05 0.05 0.06 0.06
69 B.11.20 251 0.10 0.11 0.11 0.15 0.14
70 B.11.29 316 0.12 0.16 0.15 0.17 0.17
71 B.12.12 209 0.20 0.10 0.10 0.16 0.17
72 B.12.14 207 0.16 0.12 0.12 0.19 0.20
73 B.12.26 276 0.21 0.14 0.13 0.17 0.16
75 B.12.35 278 0.20 0.13 0.13 0.15 0.14
76 B.13.16 254 0.16 0.11 0.11 0.15 0.14
79 C.12.18 222 0.15 0.08 0.08 0.09 0.09
80 C.12.19 274 0.15 0.09 0.09 0.10 0.10
81 Gl 190 0.17 0.11 0.11 0.17 0.18
82 G2 191 0.17 0.11 0.11 0.17 0.18
83 G5 310 0.18 0.19 0.19 0.21 0.20
84 G7 331 0.22 0.19 0.19 0.23 0.22
85 G9 189 0.16 0.11 0.11 0.17 0.18
86 Gl1 189 0.15 0.11 0.11 0.17 0.17
88 G13 189 0.14 0.11 0.11 0.17 0.17
90 G16 293 0.20 0.14 0.14 0.16 0.15
92 G24 312 0.23 0.20 0.20 0.22 0.21
93 G25 190 0.15 0.11 0.11 0.16 0.17
96 G29 283 0.18 0.12 0.12 0.12 0.12
99 G35 315 0.20 0.18 0.17 0.18 0.18
100 G37 313 0.19 0.18 0.18 0.19 0.18
101 1-0.141 198 0.09 0.13 0.13 0.31 0.34
104 2-0.151 197 0.15 0.13 0.12 0.29 0.29
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Table 4-4: Measured and predicted deflections in Class C beams at 7.5,/ ', tension stress level

Ref Reference Beam ID Mw MroTAL 75 Atest 7.5 Apredict, 7.5
# Author(s) (Kip-in) (Kip-in) (in.) (in.)
2 Brewe, Myers B-84 22 703 0.44 0.47
3 Brewe, Myers B-75 24 705 0.41 0.44
4 Brewe, Myers B-68 26 688 0.38 0.39
5 Aswad et al. DT-1 5473 10515 0.95 0.96
9 Sagan, Frosch V-4-2.37 112 2995 0.054 0.043
10 Sagan, Frosch V-7-0 107 2935 0.058 0.045
11 Sagan, Frosch V-7-1.84 108 3006 0.050 0.044
12 Sagan, Frosch V-7-2.37 106 3004 0.050 0.045
13 Sagan, Frosch V-10-0 108 2966 0.064 0.046
14 Sagan, Frosch V-10-1.51 108 3025 0.055 0.045
15 Sagan, Frosch V-10-2.37 108 3057 0.052 0.045
16 Shaikh Series 1.1 17 129 0.41 0.34
17 Shaikh Series 1.2 17 125 0.38 0.32
18 Shaikh Series 1.3 17 129 0.41 0.33
19 Shaikh Series 11.1 17 102 0.23 0.25
20 Shaikh Series 11.2 17 103 0.25 0.25
21 Shaikh Series 11.3 17 102 0.26 0.24
22 Shaikh Series 111.1 17 127 0.40 0.30
23 Shaikh Series 111.2 17 133 0.34 0.32
24 Shaikh Series 111.3 17 127 0.31 0.30
25 Shaikh Series 1V.1 17 115 0.26 0.28
26 Shaikh Series 1V.2 17 117 0.29 0.28
27 Shaikh Series 1V.3 17 113 0.28 0.27
28 | Warwaruk, Sozen 0B.24.168 9 192 0.11 0.07
32 | Warwaruk, Sozen 0B.34.071 9 282 0.13 0.08
34 | Warwaruk, Sozen 0B.34.074 9 288 0.17 0.08
35 | Warwaruk, Sozen 0B.34.076 9 213 0.11 0.07
36 | Warwaruk, Sozen 0B.34.077 9 241 0.11 0.07
37 | Warwaruk, Sozen 0B.34.115 9 337 0.20 0.09
38 | Warwaruk, Sozen 0B.34.120 9 208 0.07 0.08
39 | Warwaruk, Sozen 0B.34.122 9 277 0.16 0.09
40 | Warwaruk, Sozen 0B.34.159 9 308 0.13 0.09
41 | Warwaruk, Sozen 0B.34.196 9 211 0.10 0.09
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Table 4-4: Measured and predicted deflections in Class C beams at 7.5,/ ', tension stress level
(Cont.)

Ref Reference Mw MrotAL 75 Atest,7.5 Apredict 7.5
# Author(s) BeamID | (ip-in) | (kip-in) (in) i)
48 Sozen A.11.43 9 311 0.09 0.07
49 Sozen A.11.53 9 265 0.08 0.08
50 Sozen A.12.23 9 241 0.11 0.08
51 Sozen A.12.31 9 254 0.16 0.08
52 Sozen A.12.34 9 308 0.13 0.08
53 Sozen A.12.36 9 209 0.09 0.08
54 Sozen A.12.42 9 290 0.15 0.09
55 Sozen A.12.46 9 275 0.15 0.10
56 Sozen A.12.48 9 308 0.16 0.11
57 Sozen A.12.53 9 226 0.10 0.09
58 Sozen A.12.56 9 277 0.15 0.11
60 Sozen A.12.73 9 280 0.16 0.11
61 Sozen A.14.39 4 177 0.05 0.05
62 Sozen A.14.44 4 200 0.04 0.05
63 Sozen A.14.55 4 235 0.04 0.06
64 Sozen A.21.39 9 128 0.05 0.04
65 Sozen A.21.51 9 201 0.05 0.05
66 Sozen A.22.40 9 202 0.11 0.06
67 Sozen A.22.49 9 170 0.08 0.06
74 Sozen B.12.29 6 264 0.18 0.11
77 Sozen B.21.26 6 179 0.06 0.05
78 Sozen B.22.23 6 169 0.11 0.06
87 Hernandez G12 6 272 0.15 0.13
89 Hernandez Gl14 6 271 0.13 0.12
91 Hernandez G22 5 268 0.17 0.12
94 Hernandez G27 5 296 0.14 0.11
95 Hernandez G28 6 267 0.18 0.11
97 Hernandez G30 6 284 0.13 0.10
98 Hernandez G31 6 272 0.10 0.10
102 Janney et al. 1-0.250 9 245 0.09 0.07
103 Janney et al. 1-0.420 9 333 0.13 0.11
105 Janney et al. 2-0.306 9 244 0.10 0.08
106 Janney et al. 2-0.398 9 335 0.14 0.10
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Table 4-5: Measured and predicted deflections in Class C beams at 10,/ f'.. tension stress level

Ref Beam ID MroTaL 10 Atest10 ABnop10 | Aproposed10 | ARational,10 | Arilinear,10
# (Kip-in) (in.) (in.) (in.) (in.) (in.)
2 B-84 733 0.46 0.56 0.53 0.53 0.55
3 B-75 737 0.44 0.53 0.50 0.50 0.51
4 B-68 723 0.40 0.49 0.46 0.46 0.48
5 DT-1 11082 1.32 1.52 1.51 2.14 1.96
9 V-4-2.37 3459 0.070 0.070 0.070 0.081 0.086
10 V-7-0 3357 0.082 0.081 0.081 0.143 0.152
11 V-7-1.84 3454 0.063 0.072 0.071 0.083 0.088
12 V-7-2.37 3452 0.063 0.070 0.070 0.078 0.082
13 V-10-0 3386 0.082 0.080 0.079 0.117 0.124
14 V-10-1.51 3467 0.070 0.072 0.072 0.083 0.087
15 V-10-2.37 3512 0.062 0.070 0.069 0.075 0.080
16 Series 1.1 141 0.47 0.50 0.49 0.53 0.52
17 Series 1.2 137 0.45 0.47 0.46 0.50 0.49
18 Series 1.3 142 0.46 0.47 0.47 0.49 0.49
19 Series 11.1 115 0.30 0.43 0.43 0.62 0.61
20 Series 11.2 116 0.32 0.41 0.40 0.49 0.49
21 Series 11.3 116 0.34 0.39 0.39 0.44 0.46
22 Series 111.1 141 0.46 0.45 0.44 0.49 0.49
23 Series 111.2 147 0.41 0.51 0.50 0.64 0.60
24 Series 111.3 140 0.34 0.47 0.47 0.56 0.54
25 Series 1V.1 128 0.30 0.45 0.45 0.55 0.53
26 Series 1V.2 130 0.36 0.42 0.42 0.45 0.45
27 Series 1V.3 127 0.34 0.41 0.40 0.43 0.44
28 0B.24.168 214 0.14 0.12 0.12 0.15 0.15
32 0B.34.071 314 0.18 0.13 0.13 0.16 0.16
34 0B.34.074 322 0.24 0.13 0.12 0.16 0.16
35 0B.34.076 241 0.13 0.12 0.12 0.18 0.17
36 0B.34.077 270 0.15 0.12 0.12 0.17 0.16
37 0B.34.115 370 0.23 0.14 0.13 0.15 0.15
38 0B.34.120 231 0.09 0.13 0.13 0.16 0.15
39 0B.34.122 306 0.20 0.13 0.13 0.15 0.15
40 0B.34.159 337 0.16 0.14 0.13 0.15 0.15
41 0B.34.196 232 0.13 0.14 0.13 0.15 0.15
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Table 4-5: Measured and predicted deflections in Class C beams at 10,/ f'.. tension stress level
(Cont.

Ref Beam ID MroTAL 10 Atest,10 ABnoP10 | Aproposed,10 | ARational,10 | ATrilinear,10
4 (Kip-in) (in) (in.) (in.) (in.) (in.)
48 A.11.43 340 0.10 0.11 0.10 0.12 0.12
49 A.11.53 289 0.10 0.11 0.11 0.11 0.12
50 A.12.23 270 0.13 0.12 0.12 0.17 0.16
51 A.12.31 282 0.21 0.13 0.12 0.16 0.15
52 A.12.34 341 0.16 0.13 0.13 0.15 0.15
53 A.12.36 231 0.12 0.13 0.13 0.16 0.15
54 A.12.42 319 0.19 0.13 0.13 0.15 0.14
55 A.12.46 301 0.16 0.14 0.14 0.15 0.15
56 A.12.48 334 0.18 0.15 0.14 0.15 0.16
57 A.12.53 247 0.13 0.14 0.13 0.15 0.14
58 A.12.56 300 0.17 0.15 0.14 0.15 0.15
60 A.12.73 303 0.18 0.15 0.15 0.15 0.15
61 A.14.39 198 0.08 0.08 0.08 0.11 0.10
62 A.14.44 221 0.06 0.08 0.08 0.10 0.10
63 A.14.55 257 0.06 0.09 0.09 0.10 0.10
64 A.21.39 148 0.07 0.08 0.08 0.13 0.14
65 A.21.51 228 0.07 0.08 0.08 0.11 0.11
66 A.22.40 230 0.13 0.11 0.11 0.16 0.15
67 A.22.49 195 0.11 0.10 0.10 0.15 0.15
74 B.12.29 287 0.20 0.15 0.15 0.18 0.17
77 B.21.26 203 0.08 0.09 0.09 0.12 0.13
78 B.22.23 194 0.17 0.10 0.10 0.16 0.18
87 G12 291 0.17 0.17 0.17 0.18 0.17
89 G14 291 0.16 0.17 0.16 0.18 0.17
91 G22 288 0.21 0.16 0.16 0.19 0.18
94 G27 320 0.18 0.15 0.15 0.19 0.18
95 G28 289 0.24 0.15 0.15 0.18 0.17
97 G30 310 0.18 0.14 0.14 0.18 0.17
98 G31 292 0.12 0.13 0.13 0.14 0.14
102 1-0.250 273 0.11 0.12 0.12 0.16 0.15
103 1-0.420 360 0.16 0.15 0.14 0.15 0.15
105 2-0.306 270 0.11 0.13 0.13 0.15 0.15
106 2-0.398 363 0.17 0.15 0.14 0.15 0.15
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Table 4-6: Measured and predicted deflections in Class C beams at 12,/ f'.. tension stress level

Ref Beam ID MrotaL 12 Atest 12 ABnop12 | Aproposed12 | ARationali2 | Arilinear,12
# (Kip-in) (in.) (in.) (in.) (in.) (in.)
2 B-84 757 0.48 0.66 0.59 0.58 0.60
3 B-75 764 0.46 0.63 0.56 0.55 0.58
4 B-68 752 0.42 0.59 0.53 0.52 0.55
5 DT-1 11535 1.74 2.52 2.19 2.94 2.76
9 V-4-2.37 3831 0.086 0.096 0.096 0.106 0.121
10 V-7-0 3694 0.117 0.125 0.125 0.207 0.237
11 V-7-1.84 3812 0.078 0.098 0.098 0.108 0.122
12 V-7-2.37 3810 0.076 0.094 0.094 0.100 0.112
13 V-10-0 3721 0.101 0.118 0.118 0.164 0.186
14 V-10-1.51 3821 0.086 0.099 0.098 0.108 0.121
15 V-10-2.37 3876 0.073 0.092 0.092 0.096 0.107
16 Series 1.1 151 0.55 0.67 0.65 0.68 0.67
17 Series 1.2 147 0.51 0.62 0.60 0.63 0.63
18 Series 1.3 152 0.53 0.60 0.59 0.60 0.61
19 Series 11.1 125 0.39 0.65 0.64 0.87 0.89
20 Series 11.2 126 0.42 0.57 0.57 0.64 0.69
21 Series 11.3 126 0.44 0.54 0.53 0.57 0.63
22 Series 111.1 152 0.54 0.60 0.59 0.63 0.65
23 Series 111.2 157 0.53 0.73 0.71 0.87 0.83
24 Series 111.3 151 0.41 0.67 0.65 0.74 0.73
25 Series 1V.1 138 0.35 0.64 0.63 0.73 0.72
26 Series 1V.2 141 0.42 0.56 0.55 0.57 0.59
27 Series 1V.3 137 0.40 0.53 0.52 0.54 0.57
28 0B.24.168 233 0.22 0.18 0.17 0.21 0.20
32 0B.34.071 340 0.23 0.19 0.18 0.23 0.22
34 0B.34.074 348 0.29 0.18 0.18 0.23 0.22
35 0B.34.076 263 0.20 0.18 0.18 0.26 0.25
36 0B.34.077 293 0.19 0.18 0.18 0.24 0.23
37 0B.34.115 397 0.27 0.19 0.18 0.20 0.20
38 0B.34.120 249 0.14 0.18 0.18 0.22 0.21
39 0B.34.122 330 0.25 0.19 0.18 0.21 0.20
40 0B.34.159 361 0.20 0.19 0.18 0.19 0.19
41 0B.34.196 249 0.15 0.19 0.18 0.20 0.19

41




Table 4-6: Measured and predicted deflections in Class C beams at 12,/ f. tension stress level
(Cont.

Ref MrotaL 12 Atest 12 ABnop12 | Aproposed12 | ARational12 | Adrilinear,12
g | BeamlID i (in) (in) (in) (in) (in.)
48 A.11.43 363 0.11 0.15 0.14 0.15 0.15
49 A.11.53 309 0.12 0.15 0.14 0.15 0.15
50 A.12.23 292 0.15 0.18 0.18 0.23 0.23
51 A.12.31 304 0.23 0.18 0.18 0.22 0.21
52 A.12.34 367 0.20 0.19 0.18 0.20 0.20
53 A.12.36 249 0.14 0.18 0.18 0.21 0.20
54 A.12.42 343 0.22 0.19 0.18 0.19 0.19
55 A.12.46 321 0.18 0.20 0.18 0.19 0.20
56 A.12.48 354 0.20 0.21 0.19 0.19 0.20
57 A.12.53 265 0.16 0.19 0.18 0.19 0.19
58 A.12.56 319 0.20 0.20 0.19 0.19 0.19
60 A.12.73 320 0.21 0.20 0.18 0.18 0.18
61 A.14.39 215 0.11 0.12 0.11 0.15 0.14
62 A.14.44 238 0.08 0.12 0.11 0.13 0.13
63 A.14.55 274 0.08 0.12 0.12 0.12 0.12
64 A.21.39 165 0.10 0.12 0.12 0.18 0.21
65 A.21.51 250 0.09 0.13 0.12 0.16 0.16
66 A.22.40 253 0.16 0.17 0.16 0.22 0.22
67 A.22.49 216 0.15 0.16 0.16 0.21 0.23
74 B.12.29 305 0.23 0.20 0.20 0.23 0.22
77 B.21.26 222 0.10 0.13 0.13 0.17 0.20
78 B.22.23 214 0.25 0.16 0.16 0.22 0.27
87 G12 307 0.20 0.21 0.21 0.22 0.21
89 G14 307 0.19 0.21 0.21 0.22 0.21
91 G22 304 0.25 0.21 0.21 0.23 0.22
94 G27 340 0.23 0.20 0.20 0.24 0.24
95 G28 307 0.26 0.20 0.20 0.22 0.21
97 G30 331 0.22 0.20 0.19 0.23 0.23
98 G31 309 0.15 0.17 0.16 0.17 0.17
102 1-0.250 296 0.14 0.18 0.18 0.23 0.21
103 1-0.420 382 0.18 0.20 0.18 0.18 0.19
105 2-0.306 291 0.17 0.19 0.18 0.21 0.20
106 2-0.398 385 0.19 0.20 0.18 0.18 0.19
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Table 4-7: Measured and predicted deflections in Class C beams at maximum tension stress level

Ref Beam ID Ms,max Amax AB no P,max AProposed,max ARationaI,max ATriIinear,max
# (kip-in) | (in.) (in.) (in.) (in.) (in.)
2 B-84 848 0.60 1.04 0.91 0.77 0.82
3 B-75 871 0.61 1.07 0.94 0.77 0.83
4 B-68 884 0.56 1.13 1.02 0.81 0.86
5 DT-1 11843 2.08 3.20 2.75 3.47 3.31
9 V-4-2.37 4525 0.133 0.148 0.147 0.149 0.160
10 V-7-0 4269 0.238 0.226 0.226 0.305 0.326
11 V-7-1.84 5350 0.215 0.214 0.213 0.205 0.212
12 V-7-2.37 4865 0.137 0.164 0.164 0.159 0.166
13 V-10-0 4975 0.301 0.303 0.302 0.318 0.329
14 | V-10-151 5397 0.205 0.216 0.215 0.206 0.213
15 | V-10-2.37 5264 0.144 0.175 0.174 0.167 0.173
16 Series 1.1 175 0.84 1.14 1.11 1.03 1.03
17 Series 1.2 188 0.92 1.23 1.21 1.10 1.11
18 Series 1.3 201 1.06 1.20 1.19 1.08 1.09
19 | Seriesll.1 160 0.94 1.61 1.60 1.65 1.67
20 | Seriesll.2 157 0.80 1.10 1.09 1.06 1.09
21 | Seriesll.3 155 0.81 0.94 0.93 0.91 0.94
22 | Serieslll.1 226 1.38 1.60 1.59 1.44 1.45
23 | Serieslll.2 165 0.64 0.93 0.90 1.03 0.99
24 | Seriesll.3 211 1.15 1.95 1.93 1.74 1.74
25 | Series V.1 193 1.00 1.82 1.80 1.65 1.66
26 | Series V.2 209 1.15 1.37 1.36 1.24 1.25
27 | Series V.3 201 1.08 1.20 1.20 1.11 1.12
28 | 0B.24.168 247 0.25 0.23 0.23 0.26 0.25
32 | 0B.34.071 359 0.26 0.24 0.23 0.27 0.27
34 | OB.34.074 376 0.34 0.26 0.25 0.29 0.29
35 | OB.34.076 281 0.25 0.24 0.24 0.32 0.32
36 | OB.34.077 315 0.23 0.25 0.25 0.30 0.30
37 | OB.34.115 446 0.35 0.32 0.31 0.29 0.28
38 | O0B.34.120 251 0.12 0.19 0.19 0.23 0.21
39 | OB.34.122 364 0.33 0.30 0.28 0.29 0.28
40 | OB.34.159 408 0.28 0.33 0.31 0.27 0.27
41 | OB.34.196 254 0.16 0.21 0.20 0.21 0.21
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Table 4-7: Measured and predicted deflections in Class C beams at maximum tension stress level
(Cont.)

Ref Ms,max Amax Ag no P,max Apro osed,max ARationaI,max ATriIinear,max
g | BRMID 1 ginin) | (i) (in) i (in) (in)
48 A.11.43 424 0.16 0.29 0.27 0.24 0.23
49 A.11.53 327 0.14 0.20 0.18 0.17 0.18
50 A.12.23 331 0.22 0.31 0.30 0.34 0.34
51 A.12.31 326 0.29 0.25 0.24 0.27 0.26
52 A.12.34 405 0.29 0.29 0.27 0.28 0.27
53 A.12.36 266 0.17 0.25 0.24 0.27 0.26
54 A.12.42 379 0.27 0.29 0.27 0.26 0.25
56) A.12.46 337 0.20 0.25 0.23 0.22 0.23
56 A.12.48 367 0.21 0.24 0.22 0.21 0.22
57 A.12.53 285 0.20 0.26 0.25 0.24 0.24
58 A.12.56 324 0.21 0.22 0.20 0.20 0.20
60 A.12.73 323 0.20 0.21 0.19 0.18 0.19
61 A.14.39 231 0.14 0.16 0.15 0.19 0.18
62 A.14.44 256 0.10 0.16 0.16 0.17 0.16
63 A.14.55 283 0.09 0.14 0.13 0.13 0.13
64 A.21.39 203 0.21 0.25 0.25 0.30 0.32
65 A.2151 318 0.17 0.28 0.27 0.28 0.28
66 A.22.40 321 0.29 0.38 0.38 0.40 0.40
67 A.22.49 284 0.33 0.39 0.38 0.40 0.41
74 B.12.29 309 0.23 0.21 0.21 0.24 0.23
77 B.21.26 228 0.12 0.14 0.14 0.18 0.21
78 B.22.23 230 0.32 0.20 0.20 0.27 0.31
87 G12 311 0.21 0.23 0.22 0.23 0.22
89 Gl14 314 0.20 0.23 0.23 0.24 0.23
91 G22 317 0.29 0.25 0.25 0.26 0.26
94 G27 342 0.24 0.21 0.21 0.25 0.24
95 G28 318 0.29 0.24 0.23 0.25 0.25
97 G30 340 0.24 0.22 0.22 0.26 0.25
98 G31 313 0.15 0.18 0.17 0.18 0.18
102 1-0.250 354 0.24 0.38 0.37 0.38 0.37
103 1-0.420 421 0.23 0.31 0.28 0.25 0.25
105 2-0.306 334 0.30 0.34 0.33 0.32 0.31
106 2-0.398 432 0.25 0.33 0.30 0.26 0.26
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4.3 DISCUSSION

Figure 4-1 through Figure 4-3 show the four methods compared in this study for any

beams that reached 10\/fTC, 12./f'., and the maximum reasonable service-level stress in
histogram format. In each histogram, the ratio of predicted deflection versus measured deflection
is on the horizontal axis while the relative frequency is displayed on the vertical axis. Figure 4-4
and Figure 4-5 are also histograms and show the accuracy of predictions at the maximum

service-level stresses for Class T and Class C beams, respectively.
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Figure 4-1: Comparison of prediction methods at a tension stress level of 10+/f"..
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Figure 4-2: Comparison of prediction methods at a tension stress level of 12,/f’...
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Figure 4-3: Comparison of prediction methods at the maximum reasonable service-level load.
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Figure 4-4: Comparison of prediction methods used for Class T members at the maximum
reasonable service-level load.
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Figure 4-5: Comparison of prediction methods used for Class C members at the maximum
reasonable service-level load.

Figure 4-6 is a box and whisker chart. Each box shows the quartile 1 and quartile 3 as the
bottom and top, respectively, lines of the box with the median reported as a value and the black

line cutting the box in two. When calculating the quartiles, the exclusive median method was

47



used. This means the median was not included when finding the quartile ranges. The whiskers,
which are the vertical black lines above and below the box, illustrate the entire range except
extreme values. Any data more extreme than 1.5 times the interquartile range beyond the box
were designated as extreme prediction values. These extreme values are shown as single points

beyond the whiskers. Figure 4-6 shows three groupings of box and whiskers: deflections at

104/f'., at 124/f’., and at maximum service-level stress levels. The number of beams that

reached each stress level is reported below each group. All four prediction methods are

illustrated within each grouping.
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Figure 4-6: Distribution of prediction accuracy at key service load levels
When considering the eighty specimens that achieved 10JfTC, the two Branson le
methods exhibit the best overall accuracy and least dispersion at that load level, with half of the
predictions within */-15%. The Rational and Trilinear Methods resulted in more conservative
predictions on average with a greater dispersion of accuracy. When considering the sixty-six
specimens that achieved 12\/ch, the same overall relative comparison behavior of the four

methods is evident; however, all methods exhibited an increase in conservatism on average. The
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Proposed Method is the most accurate with the least dispersion at that load level. When
considering the full database at the maximum service-level load for each specimen, the accuracy

of all four methods is relatively good on average, with the Proposed Method as the most accurate

with about half the predictions within */- 20%. Just as in the 10\/fTC results, the Rational and
Trilinear Methods produced extreme overpredictions. The extreme overpredictions represented
in Figure 4-6 ended up being for the same flexural member: Reference Number 101.

The Reference Number 101 specimen, a Class T beam that had very high prediction
ratios for the Rational and Trilinear Method, revealed an oddity with the Trilinear Method. This
specimen was lightly prestressed, and barely satisfied Selection Criterion 4. For this specimen,
use of Equation 2-7 to compute I ’cr, the transitional stiffness between the uncracked and “fully
cracked” I values in the Trilinear Method (i.e., the second slope in Figure 2-4), results in a
moment of inertia less than the fully cracked I, (i.e., the third slope in Figure 2-4). In other
words, the equation predicts an effective | value less than the theoretical lower-bound lcr (which
is based on a fully cracked section with zero prestress force). This is an illogical result that
warrants further investigation. This oddity occurs when the Trilinear Method shift moment A
(discussed in Section 2.3.3) is controlled by the upper limit of Class T behavior instead of the
value computed as 1.5 multiplied by the (zero-curvature) prestress moment, Mo. This occurs
when the Class T upper limit is greater than 1.5Mo, which is more likely in lightly prestressed
members.

The Rational Method also greatly overpredicts the post-cracking deflections for Test 101,

though not as much as the Trilinear Method. In the Rational Method, the effective moment of
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inertia, 1"e, computed in accordance with Equation 2-3, only slightly exceeds the fully cracked |
value for this lightly prestressed member.

Some poor predictions that fall within 1.5 times the interquartile range such as beams
with reference numbers 30, 31, 33, 71, and 79, have deflections that are so small and imprecisely
measured that the percent differences between a predicted value and measured value can appear
extreme.

Figure 4-7 shows three other groupings of the results: Class T beams at their maximum
service-level stress, Class C beams at their maximum service-level stress, and all beams

(combined) at their maximum service-level stress.
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Figure 4-7: Distribution of prediction accuracy for Class T beams, Class C beams, and all beams
at the maximum reasonable service load

When subdividing the results into Class T and Class C members at the maximum
reasonable service loads, a difference in prediction performance appears. The methods
underpredict deflection for Class T members on average. The Rational and Trilinear Methods are
slightly more accurate on average but have the same two extreme overprediction values as

previously discussed. The Class C prediction performance at the maximum reasonable service
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load is relatively similar for all four methods and conservative on average, with slightly less
dispersion for the Trilinear Method.

One reason for the different performance with respect to the (slightly cracked) Class T
beams may be related to the predictability of the uncracked portion of the response of the test
beams. In order to further evaluate the prediction accuracy for the uncracked portion of the

response for the database tests, Figure 4-8, Figure 4-9, and Figure 4-10 illustrate the accuracy

and dispersion of the predictions at the 7.5\/ﬁ stress level for yet-to-be-cracked beams. As
these predictions are based solely on uncracked-section analysis, they are independent of the four
methods evaluated. Note that the prediction of uncracked deflections is worse for the Class T
flexural members than for the Class C flexural members in this study. This could contribute to

the relative inaccuracy of the post-cracked deflection of these Class T beams.
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Figure 4-8: Histogram of prediction accuracy by member class at 7.5,/ f" . stress level.
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Figure 4-9: Histogram of prediction accuracy for all tests at 7.5/ ', stress level.
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beams at 7.5,/ f". stress level.
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CHAPTER 5: RESEARCH CONCLUSIONS AND RECOMMENDATIONS

51 SUMMARY OF WORK
A standard, simple calculation procedure for immediate service-load deflection of a
simply supported Class T or Class C prestressed concrete flexural member has not yet been well
defined. A database of test results from these types of beams was compiled. Beams were
compiled from nine different sources with a total of 106 beams satisfying the selection criteria.
Key service load levels and corresponding deflections were determined and recorded from the
literature for each test specimen. Four methods of predicting the immediate deflection in
prestressed concrete beams were compared including the author’s Proposed Method to look at
the conservatism and accuracy of each method comparatively to one another.
5.2 CONCLUSIONS
The research presented in this paper supports the following conclusions:
e Including the influence of the prestressing force when calculating lcr results in
more accurate predictions on average.
e Both the Rational and Trilinear Methods tend to overpredict beam deflections on
average—particularly for lightly prestressed members.
e The Trilinear Method produces an le less than Icr in some cases. This is more
likely to occur in lightly prestressed members than fully prestressed members.
e Despite its logical complexity, the Rational Method does not yield an
improvement in accuracy when compared to the full database of Class T and

Class C members.
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e The Proposed Method, which features a reasonably simple approach to
calculation, produced the most accurate predictions on average with the least
amount of dispersion.

5.3 RECOMMENDATIONS FOR FUTURE RESEARCH
Based on the research presented in this thesis, the following recommendations are given
for potential future research:
1. Re-evaluate the accuracy of each method after filtering out (or accounting for) the
specimens for which uncracked deflections are poorly predicted.
2. Investigate the accuracy of the Trilinear Method if either the partially cracked or fully
cracked Icr value is enforced as a lower bound on the effective moment of inertia.
3. Evaluate the accuracy of the methods through means of a well-designed experimental
program that incorporates a range of key, well-controlled variables, which would include
a range of prestressing levels, combinations of prestressed and nonprestressed
reinforcement, concrete modulus of elasticity, concrete tensile strength, common types of

cross sections, and loading configurations.
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€p.cr

fbot
fbot, D+L

f'c
F'e test
fdc
foe
foew

foj
fps

fou
fi

fr,reported

APPENDIX A: NOTATION

distance from center of support to nearest concentrated load, in.
area of concrete section computed for cracked section, in.2
gross area of concrete section, in.?

area of prestressed longitudinal tension reinforcement, in.2

area of prestressed longitudinal tension reinforcement, in.2

area of nonprestressed longitudinal tension reinforcement, in.?

area of nonprestressed longitudinal compression reinforcement, in.2

width of compression face of member, in.

web width, in.

neutral axis (zero stress) depth for cracked section, in.

distance from extreme compression fiber to centroid of prestressing reinforcement,
in.

distance from extreme compression fiber to centroid of nonprestressed tension
reinforcement, in.

distance from extreme compression fiber to centroid of nonprestressed compression
reinforcement, in.

eccentricity of reinforcement relative to centroid of concrete cross section, in.
modulus of elasticity of concrete at time of testing, ksi

eccentricity of reinforcement relative to cracked centroid of concrete cross section
(cracked section properties do not include effects of prestressing), in.

eccentricity of reinforcement relative to cracked centroid of concrete cross section
(cracked section properties include effects of prestressing), in.

elastic modulus of prestressed reinforcement, ksi

eccentricity of reinforcement relative to cracked centroid of concrete cross section
(cracked section properties include effects of prestressing), in.

strength of nonprestressed reinforcement at the bottom fiber of member, psi
strength of nonprestressed reinforcement at the bottom fiber of member under total
service load, psi

concrete compressive strength, psi

concrete compressive strength at time of testing, psi

tensile strength of prestressing reinforcement at decompression, ksi

concrete precompression stress at the bottom fiber due to effects of prestressing, psi
effective stress in prestressing reinforcement, including effect of self-weight
moment, at time of test, ksi

initial jacking tensile strength of prestressing reinforcement, ksi

stress in prestressing reinforcement at nominal flexural strength, ksi

specified tensile strength of prestressing reinforcement, ksi

concrete modulus of rupture, psi

reported modulus of rupture of concrete, psi
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fSG

Ls
Ltotal
M
Mo
M'o
M
M’y

Ma
Mer
Mp-L
Moec

Mdec

Me
Mn
MS.maX
Msp

Mself

Mservice

Mehift

effective strength of prestressing reinforcement at time of test under self-weight
moment, ksi
specified yield strength of nonprestressed reinforcement, ksi

overall height of member, in.
flange thickness of member, in.

effective moment of inertia used in Trilinear Method from initial cracked moment to
calculated shifted moment, in.*

effective moment of inertia used in Rational Method if calculated shift moment is
less than the cracked moment, in.*

moment of inertia of concrete section about cracked centroidal axis (may or may not
include effects of prestressing), in.*

moment of inertia of concrete section about cracked centroidal axis (includes effects
of prestressing), in.*

effective moment of inertia, in.*

moment of inertia of gross concrete section about centroidal axis, in.*
moment of inertia of concrete section about transformed centroidal axis, in.*
moment of inertia of gross concrete section about centroidal axis, in.*
effective length factor

clear span, ft.

length of nonprestressed longitudinal tension reinforcement, ft.

full length of member, ft.

moment intercept at second change in slope used in Trilinear Method, kip-in
moment intercept at for fully cracked section, kip-in

moment intercept at for partially cracked section, kip-in

shifted moment intercept used in Rational Method, Kip-in

modified shifted moment intercept used in Rational Method if shifted intercept is
less than the cracking moment, Kip-in

applied moment intercept, kip-in

cracking moment intercept, Kip-in

total service moment intercept, kip-in

moment causing zero stress at the extreme fiber in the precompressed tension zone,
Kip-in

decompression moment applied to prestressed section that corresponds to zero stress
at tension face, Kip-in

moment applied to prestressed section when failure occurred in test, kip-in

nominal flexural strength at section, kip-in
maximum reasonable service-level moment, Kip-in
superimposed dead load moment intercept, kip-in

self-weight moment intercept, Kip-in
total service moment intercept, kip-in
moment intercept taken as the shifted moment in Rational Method, kip-in
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MsL

MtoTAL0.6
MroTAL, 10
MroTAL 12
MtoTAL6

MroTAL 75

My
Mw
MZC
Np
NR
1]

P
Po
Pe

Ptailure
PL
Rect.
Sh

St
Tee
TT

Wi

superimposed live load moment intercept, kip-in

total moment corresponding to a compressive stress of 0.6(fc") at extreme fiber in the
compression zone, Kip-in

total moment corresponding to a tensile stress of 10Vfc' at extreme fiber in the
precompressed tension zone, kip-in

total moment corresponding to a tensile stress of 12Vfc' at extreme fiber in the
precompressed tension zone, kip-in

total moment corresponding to a tensile stress of 6Vfc' at extreme fiber in the
precompressed tension zone, kip-in

total moment corresponding to a tensile stress of 7.5Vfc' at extreme fiber in the
precompressed tension zone, kip-in

total moment corresponding to observation of shear crack initiation in test, Kip-in

self-weight moment, kip-in
zero-curvature moment intercept, Kip-in

modular ratio

Not Reported

nominal diameter of reinforcement, in.

applied prestress force, kip

effective force of prestressing reinforcement at decompression, Kip

effective force of prestressing reinforcement at time of test under self-weight
moment after losses, Kip
load at which member failed, Kip

Point Load

Rectangular section

section modulus for tension face, in.?
section modulus for compression face, in.®
Tee Shape

Double-tee Shape

load that is associated with the shifted moment (Mshit) at the critical cracking
location, Ib/ft

load that is associated with the cracking moment (Mc) at the critical cracking
location, Ib/ft

dead load, Ib/ft

total service load, Ib/ft

decompression load that corresponds to zero stress at tension face, Ib/ft
superimposed dead load, Ib/ft

self-weight load, Ib/ft

load that is associated with the shifted moment (M") at the critical cracking location,
Ib/ft
superimposed live load, Ib/ft

distance from centroid to extreme fiber of precompressed tension zone (bottom), in.
distance from cracked section centroid to extreme compression fiber (top), in.
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Yt
Yt,gross
Ytop,cr

A

Ap
Ap+L
Adec

AL
AMeasured
Apredicted
Atest,lo

Atest,12
Atest,e
Atest,75
Atest,max

Pp

distance from centroid to extreme compression fiber (top), in.
distance from centroid of gross section to extreme compression (top) fiber, in.
distance from cracked section centroid to extreme compression fiber (top), in.

deflection, in.

immediate deflection due to dead load, in.

total immediate deflection, in.

decompression deflection that corresponds to zero stress at tension face, in.
immediate deflection due to live load, in.

measured deflection, in.

predicted deflection, in.

deflection of member at load corresponding to computed (uncracked) stress of 10Vfc'
at extreme fiber of precompressed tension zone, in.

deflection of member at load corresponding to computed (uncracked) stress of 12Vfc'
at extreme fiber of precompressed tension zone, in.

deflection of member at load corresponding to computed (uncracked) stress of 6Vfc'
at extreme fiber of precompressed tension zone, in.

deflection of member at load corresponding to computed (uncracked) stress of
7.5Vfc' at extreme fiber of precompressed tension zone, in.

deflection of member at load corresponding to computed maximum reasonable
service level moment, in.

reinforcement ratio
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APPENDIX B: CALCULATION EXAMPLES

Given information from example 5.2.2.3 (8th Ed. PCI Handbook)
10’ wide, 24” deep double-tee (10DT24) with a single drape point at midspan as shown

in Figure A-1.

10 ft 0 in.
21 6 in. 5#0in. . 2f6in.
3 .
Bl t {Qin.

l : Neutra; _r

axis
.17.77 in. ! | 24in,

—hl—*"—
3%in.

Ends Midspan

Figure A-1: 10DT24 from PCI Design Handbook

L=70ft

h =241in.

hy = 2in.

br =120 in,

b,, = 9.5 in. (Assumed average width of the two stems combined)
Concrete

f'c = 5,000 psi, normal weight

E. = 4287 ksi
Prestressing steel

Aps = 2.142in?
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Fourteen Y2 in. diameter, grade 270, low-relaxation, seven-wire strands

Section properties (gross)

Ay =449 in?
I, = 22469 in.*
yp = 17.77 in.
ye = 6.23 in.
S, = 1264 in.®
S = 3607 in2

Eccentricities and depth of prestressing
e =491in. @ ends
e = 14.27 in. @ midspan
e = 12.40 in. @ 0.4L (assumed critical cracking location for single-point draping)
d, = e+y,=12.40 + 6.23 = 18.63 in. @ 0.4L (critical location for cracking)
Prestress force
E, = 28,500 ksi
fou = 270 ksi
fpj = 0.75fp, = 0.75(270) = 202.5 ksi
Effective prestress stress = f;, = 0.8f,; = 0.8(202.5) = 162 ksi (assuming 20% total
losses and effective prestress under self-weight)
Loads
Self-weight = wg,;; = 468 lb/ft
Superimposed dead load = wgp = 100 Ib/ft
Total dead load = wp = wger + wsp = 468 + 100 = 568 Ib/ft
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Live load (superimposed) = wg;, = 300 Ib/ft
Total service load = wp,, = Wger + wsp + wg, = 468 + 100 + 300 = 868 lb/ft
Bending moments

(wp+)(1?) _ (0.868)(70)%(12)
Mgeryice = Mpyy, = D+8L =

= 6380 Kip-in. @ midspan
Because the beam has a single drape point, it is most susceptible to cracking at or near
0.4L along the span.

Mgerpice = Mpyp = 0.96(6380) = 6125 Kip-in. @ 0.4L (critical location for cracking)

Load Midspan Section 0.4L Section
Wself 3440 Kip-in 3302 kip-in
Wsp 735 Kip-in 706 Kip-in

Wgy 2205 Kip-in 2117 Kip-in

Determine beam classification and compute deflection due to dead load

Check cracking conditions at 0.4L (using gross-section analysis for simplicity).

P Pe M

= - — 4 —
fbot A Sb Sb

P, = Aysfse = 2.142(162) = 347 Kips (effective prestress force after losses)

Pe _ 347 _ i [
= a5 = /73 psi (compression)
Pee _ 347(12.4) _

Sp 1264 3404 psi (ComDYESSIon)

Mselr _ 3302 _ 5613 psi (tension)

Sh 1264
Bso — 7%° _ 558 psi (tension)
S, 1264
Mst — 2217 _ 1675 psi (tension)
Sp | 1264

Cracking stress, f,, = 7.5A/f'. = 7.5(1.0)v'5000 = 530 psi (tension)

fror due only to prestressing = —773 — 3404 = —4177 psi (compression)
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fpe = 4177 psi, concrete precompression stress at the bottom fiber due to effects of
prestressing (compression positive in ACI 318)
Cracking stress, f, = 7.5A\/f"c = 7.5(1.0)v/5000 = 530 psi (tension)
fror Under dead load = —4177 + 2612 + 559 = —1006 psi (compression)
The double-tee is UNCRACKED under dead load (wp)
fvor Under service load = —4177 + 2613 + 558 + 1675 = 669 psi (tension)

The double-tee is CRACKED under service load (wp ;)
frot.p+L = 669 psi = 9.5,/f'. — This isa CLASS T beam

Dead load deflection (Ap) calculation (for all methods) due to beam being uncracked

under total dead load (wp)

_ _swL* _ 5(7012)*  (w) _ in* (w
" 384(E.)[  384(4287000) (1) =1512.2 psi (1)

s568(L
Ap=1512.2 (?) =1512.2 [Ml = 3.19 in. @ midspan

g 22469
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Proposed Method for service load deflections
For the portion of A up to decompression (Mg,.) at the critical cracking location, use

A= WE gy (Wee
dec™ 384(E) “\ I,

Where wy,.. is the load that causes decompression (M,,.) at the critical cracking location

(0.4L).
And for the portion of A from decompression to full service load, use

5wL*

WpiL — Wyec
=——=1512.2 (—)
384(E.)I

I
Where I, is the effective moment of inertia including the effects of cracking and the
prestress force at the critical cracking location (0.4L).
Decompression load (wg,..) and deflection (A4e.) calculation

F|nd Wdec:

P

Stress at bottom fiber = fyor = 0= — - — S— + —== Md“ @ 0.4L
b

E) = Syfpe = 1264(4177) = 5280 Kip-in.

Decompression Moment = My, = S, (2 +2

2
My, = 0.96 (Wd%(”) at the 0.4L cross section

1
8Mge. _ 8(5280)(33)

Wdec = 5612 = T006(70)2 748 b/t

1

(_)l = 4.20 in. (total deflection up to
22469

Agec= 15122 (Wf“) =1512.2 [

g
decompression load, wg,.)
Calculation of portion of deflection between decompression and full service load

Calculate 1.,
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Cracked-section properties at M = M, ; = 6125 kip-in at 0.4L cross section computed
using Mast’s (1998) iterative approach including the effect of prestress force.
c.r = 15.51 in. (neutral axis [zero stress] depth)
Yiop,er = 4.26 in. (centroid depth)
ep,cr = 14.37 in. (eccentricity)
A, =383 in.?
I, = 10117 in.* (about the centroid of the cracked section)
Determine cracking moment
S, = 1264 in.®
fr = 530 psi
Mg = Sp(fr + fre) = 1264(530 + 4177) = 5950 kip-in. @ 0.4L (critical location for
cracking)

Calculate I, (for portion of A between M4, and M, = Mp.;)

M — Mgee\® Mg — Mgoe\®
Ie — ( cr dec) x Ig + [1 _ ( cr dec) l x Icr
Ma - Mdec Ma - Mdec

L (5950 - 5280)3 < 22469 + |1 (5950 — 5280)3 < 10117
¢ \6125 — 5280 6125 — 5280

I = (670)3 X 22469 + |1 (670)3 x 10117

¢ \845 845

I, = 11222 + 5064 = 16286 in.*

Calculate total service load deflection (Ap,})

w — W,
Apir=Dgee + 1512.2 (M)

e

(868-748)(>)

Apy = 420 + 1512.2 < —

> = 4.20+0.93 =5.13Iin.
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Calculate immediate deflection due to live load (4;)

AL: AD+L - AD: 513 - 319

A,= 194 in.= L/434
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Branson No Precompression Method Example

For the portion of A up to decompression at the critical cracking location (0.4L), use

A= WE gy (Wee
dec™ 384(E) “\

Where wy, is the load that causes decompression (M,,.) at the critical cracking

location.
And for the portion of A from decompression to full service load, use

5wL*

Wpir — Waec
A= ———=1512.2 (—)
384(E,)]

I
Where 1, is the effective moment of inertia including the effects of cracking but
computed using a “fully cracked” I, that does not include the effect of the
prestress force.
Decompression load and deflection calculation

Find wye,:

P_PE

Stress at bottom fiber = f,,; = 0 = —
A Sp

+ Ydec @ 0.4
Sp
Decompression Moment = My, = Spfye = 1264(4177) = 5280 Kip-in.
2
My, = 0.96 (Wd%(”) at the 0.4L cross section

1
_ 8Mge. _ 8(5280)(3)

Wdec = G562 = 006(70)2 748 b/t

gL
Agoe= 1512.2 (WIL) — 1512.2 l”—()l — 4.20 in. (total deflection up to

g 22469

decompression load, wg,.)
Calculation of portion of deflection between decompression and full service load.

Calculate “fully cracked” I,
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This “fully cracked” I, computation is the same procedure used in the PCI
Handbook (8" ed.). It assumes zero prestress force and a uniform-width cross
section (i.e., the neutral axis is in the flange of this double tee).

Aps = 2.142in?

b =120 in.

d, = e+y,=1240+ 6.23 = 18.63 in. @ 0.4L (critical location for cracking)

Ay 2142

_ s _ = 0.000958
P = bd, ~ 120(18.63)

_E, 28500 _
T E T 4287

ler = npAPS(dp)z(l — L6y NpPp)

I.r = 6.65(2.142)(18.63)%(1 — 1.6V6.65 X 0.000958) = 4310 in*

Determine cracking moment

S, = 1264 in.2
fr = 530 psi
fpe = 4177 psi

Mg = Sp(fy + fre) = 1264(530 + 4177) = 5950 kip-in. @ 0.4L (critical location
for cracking)

Calculate I,
Mcr - Mdc 3 Mcr - Mdc 3
o= (M Maey’ Ty (M= M),
Ma - Mdc Ma - Mdc

L (5950 -~ 5280)3 « 22469 + |1 (5950 — 5280)3 < 4310
€ \6125 — 5280 6125 — 5280
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3

I —(670) x 22469 + |1 (670)3 X 4310
¢ \845 845

I, = 11222 + 2160 = 13380 in.*
Calculate service deflection

w - W
Apip= Dgee + 1512.2 (M)

L

(868—748)(%)
13380

Apy,=4.20 + 1512.2 < > =420+ 1.13 = 5.33 in.

Calculate immediate deflection due to live load

AL= AD+L - AD= 5.33 - 3-19

A,=2.14in.= L/393
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Rational Method Example

Determine cracking moment

S, = 1264 in.3
fr = 530 psi
fpe = 4177 psi

Mg = Sp(fr + fre) = 1264(530 + 4177) = 5950 kip-in. @ 0.4L (critical location for
cracking)

M, = Mgorpice = Mp,, = 6125 Kip-in. @ 0.4L (critical location for cracking)
M, > M,,

Compute decompression force

Assuming given effective prestress, fse, occurs simultaneously with the self-weight

moment at the critical cracking location

fie = 162 ksi

P, = 347 kips (effective prestress force after losses)

P Pez M lfe
fdc=fse+np<A_e+ 3p>_np< Sé; P)

) g9 g9

Where M is equal to the self-weight moment (M,,,f) at the critical cracking location.

_E, _28500
n = 4287

(2 Ec
_ 347 | 347(124)%\ 3302(12.4)
fac =162 + 6.65 (44-9 +* 2160 ) 6.65 ( 22469 )

fae = 170.8 ksi

Py = facAps = 170.8(2.142) = 365.9 kip
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Compute “fully cracked” properties @ 0.4L (these properties do not include the effects
of prestressing)

LA 2142
Pr = bd, ~ 120(18.63)

= 0.000958

cer = dp/(ppp)? + 2nyp, — nyp,|  (assuming neutral axis is in the flange)

= 18.63[/(6.65 x 0.000958)Z + 2(6.65)(0.000958) — 6.65(0.000958)]
= 18.63[0.1067]

1.99 in.

I, ~ npAps(dp)z(l —1.6,/n,p,) (assuming neutral axis is in the flange)

I.r = 6.65(2.142)(18.63)%(1 — 1.6V6.65 x 0.000958) = 4310 in*
ecr = dp — Cor = 18.63 — 1.99 = 16.64 in.

Compute partially cracked section properties at full service load moment
Cracked-section properties at M = M, ; = 6125 kip-in at 0.4L cross section computed
using Mast’s (1998) iterative approach including the effect of prestress force.

¢’ = 15.51 in. neutral axis [zero stress] depth; (c,, in Proposed Method)
V'er = 4.26 in. (centroid depth); (¥¢op,cr in Proposed Method)

e'c; = 14.37 in. (eccentricity); (e, ., in Proposed Method)

A',, =383in.2; (4., in Proposed Method)

I',, = 10117 in*; (I, in Proposed Method)

Find key bending moment values at critical location for cracking
M, = Mp,; = 6125 Kip-in. @ 0.4L (critical location for cracking)

M,. = Pye; = 365.9(12.40) = 4537 Kip-in (zero-curvature moment)
M, = Pye., = 365.9(16.64) = 6089 kip-in (moment intercept for fully cracked section)
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Ier
M. —M (_)] 3 4310
[ o zc ig)] 6089 4537(22469) __ 6089-863

M, = I = —m = o1s0s — 0450 Kip-in (shifted moment
Ig 22469
intercept)

M., = 5950 kip-in.
Because M; > M,,., must modify the shifted moment intercept to M',

)
g

I

Iy

Mll =

M', = Pye'., = 365.9(14.37) = 5258 kip-in (moment intercept for partially cracked

section)
II
Mo—Mgc( <L 5258—4537 (21 .
B I RN
1—%; 22469
/ . I¢r
If (M'y = Mgpife) < M, thenuse I3 =

—M714\2 ,r
-5 (1)
If (M'y = Mgpife) > M., thenuse I3 = I,
Because (M’l = Mshl-ft) <M.,

I = fer = 10117 = 10920 in.*

1_(M¢r—M11)2 1_1’£ 1_(5950—5849)2(1 10117)
Mq-Mrq Ig 6125—5849 22469

Calculate service deflection

For the portion of A up to the shift moment at the critical cracking location (0.4L), use

5wl

A= _ 15122 (™
~ 384(E)I “\

Where wy is the load that is associated with the shifted moment (Mgp;f,) at the

critical cracking location.
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And for the portion of A from decompression to full service load, use

SwL* WpyL — Wi
A= ———=15122 —
384(E,)] ( .

e
Where I is the effective moment of inertia including the effects of cracking and
the prestress force.

1
/ 8M; _ 8(5849)(33)

W1 = 0062~ 096702 829 Ib/ft

!

w Wpyp — Wy
Ap, = 15122 (—1> +1512.2 <M>
I, Iz

22469 10920

829(1) (868—829)(1) )
Apyy = 1512.2 (onz2) ) 4 15122 (2222052} — 465 4 0.45 = 5.10 in.

Calculate immediate deflection due to live load

AL: AD+L - AD: 510 - 319

A,= 1.91in.= L/440
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Trilinear Method Example

S, = 1264 in.3
f'c = 5,000 psi
fpe = 4177 psi

Fully Cracked Properties @ 0.4L (see previous methods for calculations)

Cer = 1.99 N,
I, = 4310 in*
e.r = 16.64 in.

Decompression force (see Rational Method for calculations)
fic = 170.8 ksi
P, = 365.9 kip
Moment Intercepts @ 0.4L
M., = 5950 Kip-in (see previous methods)
M,. = 4537 Kkip-in (zero-curvature moment; see Rational Method)
M, = 6089 kip-in (moment intercept for fully cracked section; see Rational Method)

1.5M, = 1.5(6089) = 9134 kip-in
M" = MAX o
S, (12 /f’c + fpe) = 1264(12V5000 + 4177) = 6352 kip-in

M" = 9134 kip-in (moment at second change in slope)

Calculate Second Slope

(M= M) 1
0= My) - ey = 11,0 (7)1

_ (9134-5950) 14310

(9134—6089)—(5950_4537)(242341609)
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=l 3184 __ 14310

(3045)_(1413)(22469)

I"cr = 4950 in.*
Calculate Service Deflection
For the portion of A up to the cracking moment at the critical cracking location (0.4L),
use

A= wLt_ 1512.2 ( Zer
- 384(E)I “\

Where w,,. is the load that is associated with the cracking moment (M,,.) at the critical
cracking location (0.4L).

_ Mo 8GB0G) _ o

w =
T 0.9612 0.96(70)>2

For the portion of A from cracking moment to a shifted moment, use

5wL*

Wshift — Wer
A= ———— =1512.2 (—)
384(E,)!

Iy

Where wgy; s, is the load that is associated with the shifted moment (M") at the critical
cracking location, and

Where I"., is the effective moment of inertia including the effects of cracking and the

prestress force.

_eMr _ 8(9134)(35)
Wshift = Go612 ~ 0096(70)2 1294 Ib/ft

For the portion of A beyond the shifted moment up to the full service load, use

5wl

w — Wep;
_ — 15122 ( D+L shlft)
384(E)I

ICT

M, <M, < M" (5950 < 6125 < 9756)
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For this example, the service-load moment is less than M"; therefore, the total deflection

is in the second branch (slope). Thus, only two deflection portions are computed:

w w — W
Ap=1512.2 (=< | + 1512.2 (M>
I, I,

43(= (868—843)(= .
—22£;;)> +1512.2 <—(12)> = 473+ 0.64 = 5.37 in

8
AD+L: 15122< 4950

Calculate Immediate Deflection due to Live Load

AL: AD+L - AD: 537 - 319

A,=2.181in.= L/385
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Table C-1: Specimen Identification, Cross-Sectional Properties

and Concrete Material Properties

APPENDIX C: DATABASE OF CLASS T AND CLASS C SIMPLY SUPPORTED PRESTRESSED BEAM TESTS

Ref Reference Beam ID Si:‘)(tjli.sn h _bf _hf pw Yt_,gross _Ag : lg f‘c,te_st fr,repo_rted Ec US_Ed
# Author(s) Type (in.) (in.) (in.) (in.) (in.) (in.?) (in.%) (psi) (psi) (ksi)
1 | Naito, Cetisli, Tate NR-12 Rect 6.0 8.00 6.00 8.00 3.00 48.0 144 9370 NR 5520
2 | Brewe, Myers B-84 Tee 12.0 10.00 3.00 4.00 4.77 66.0 855 9000 NR 4600
3 | Brewe, Myers B-75 Tee 12.0 10.50 3.00 4.50 4.88 72.0 935 9000 NR 4600
4 | Brewe, Myers B-68 Tee 12.0 11.00 3.00 5.00 4.96 78.0 1014 9000 NR 4600
5 | Aswad etal. DT-1 T 30.0 4.00 4.00 12.90 7.20 911 61708 6270 572 4700
6 | Aswad etal. DT-2 T 30.0 4.00 4.00 10.76 6.67 856 54827 5890 700 4700
7 | Aswad et al. DT-3 T 30.0 4.00 4.00 14.00 7.63 940 68322 7130 592 4700
8 | Sagan, Frosch V-4-0.93 Rect 28.0 1450 | 28.00 1450 | 14.00 406 26525 7650 NR 4990
9 | Sagan, Frosch V-4-2.37 Rect 28.0 14.68 | 28.00 14.68 | 14.00 411 26855 7750 NR 5020
10 | Sagan, Frosch V-7-0 Rect 28.0 14.12 | 28.00 | 14.12 | 14.00 395 25830 7900 NR 5070
11 | Sagan, Frosch V-7-1.84 Rect 28.0 14.25 | 28.00 1425 | 14.00 399 26068 7700 NR 5000
12 | Sagan, Frosch V-7-2.37 Rect 28.0 14.00 | 28.00 14.00 | 14.00 392 25611 7700 NR 5000
13 | Sagan, Frosch V-10-0 Rect 28.0 14.25 28.00 14.25 14.00 399 26068 7500 NR 4940
14 | Sagan, Frosch V-10-1.51 Rect 28.0 14.25 | 28.00 1425 | 14.00 399 26068 7500 NR 4940
15 | Sagan, Frosch V-10-2.37 Rect 28.0 14.25 | 28.00 14.25 | 14.00 399 26068 7500 NR 4940
16 | Shaikh Series 1.1 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5400 806 4190
17 | Shaikh Series 1.2 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5400 806 4190
18 | Shaikh Series 1.3 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5400 806 4190
19 | Shaikh Series 11.1 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5890 855 4370
20 | Shaikh Series 11.2 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5890 855 4370
21 | Shaikh Series 11.3 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5890 855 4370
22 | Shaikh Series I11.1 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 6570 894 4620
23 | Shaikh Series 111.2 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 6570 894 4620
24 | Shaikh Series 111.3 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 6570 894 4620
25 | Shaikh Series 1V.1 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5880 830 4370

NOTES:

Ec used is Bold if calculated using the reported f’c test Value. Otherwise, Ec is the value reported in the primary source.
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Table C-1: Specimen Identification, Cross-Sectional Properties, and Concrete Material Properties (Cont.)

Ref Reference Beam ID Scé:‘:(t)iiosn _h _bf _hf pw Yegross _Ag _Ig f‘cme_st f”epo_ned Ec us?ed
# Author(s) Type (in.) (in.) (in.) (in.) (in.) (in.?) (in.%) (psi) (psi) (ksi)
26 | Shaikh Series V.2 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5880 830 4370
27 | Shaikh Series IV.3 Rect 8.0 6.00 8.00 6.00 4.00 48.0 256 5880 830 4370
28 | Warwaruk, Sozen 0B.24.168 Rect 12.2 6.10 12.20 6.10 6.10 74.4 923 3450 420 3350
29 | Warwaruk, Sozen 0B.24.189 Rect 12.0 6.20 12.00 6.20 6.00 74.4 893 4280 510 3730
30 | Warwaruk, Sozen 0B.34.038 Rect 12.1 6.00 12.10 6.00 6.05 72.6 886 8320 540 5200
31 | Warwaruk, Sozen 0B.34.043 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 6560 710 4620
32 | Warwaruk, Sozen 0B.34.071 Rect 12.1 6.00 12.10 6.00 6.05 72.6 886 7180 545 4830
33 | Warwaruk, Sozen 0B.34.073 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 3820 495 3520
34 | Warwaruk, Sozen 0B.34.074 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 7630 710 4980
35 | Warwaruk, Sozen 0B.34.076 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5490 560 4220
36 | Warwaruk, Sozen 0B.34.077 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 5650 805 4280
37 | Warwaruk, Sozen 0B.34.115 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 8200 605 5160
38 | Warwaruk, Sozen 0B.34.120 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 3440 615 3340
39 | Warwaruk, Sozen 0B.34.122 Rect 12.0 6.10 12.00 6.10 6.00 73.2 878 6120 660 4460
40 | Warwaruk, Sozen 0B.34.159 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 5910 750 4380
41 | Warwaruk, Sozen 0B.34.196 Rect 12.0 6.10 12.00 6.10 6.00 73.2 878 3270 515 3260
42 | Warwaruk, Sozen 0B.34.200 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 4590 580 3860
43 | Warwaruk, Sozen 0B.34.290 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 3280 475 3260
44 | Warwaruk, Sozen 0OB.44.140 Rect 12.1 6.10 12.10 6.10 6.05 73.8 901 6220 600 4500
45 | Warwaruk, Sozen 0B.44.158 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4100 560 3650
46 | Warwaruk, Sozen RB.34.093 Rect 12.0 6.30 12.00 6.30 6.00 75.6 907 3970 390 3590
47 | Warwaruk, Sozen RB.34.126 Rect 12.0 6.10 12.00 6.10 6.00 73.2 878 5230 420 4120
48 | Sozen A.11.43 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 6220 704 4500
49 | Sozen A.11.53 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4360 596 3760
50 | Sozen A.12.23 Rect 12.0 6.10 12.00 6.10 6.00 73.2 878 5650 805 4280
51 | Sozen A12.31 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5800 514 4340
52 | Sozen A.12.34 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 7990 835 5100
53 | Sozen A.12.36 Rect 12.0 6.10 12.00 6.10 6.00 73.2 878 3440 615 3340
NOTES:

Ec used is Bold if calculated using the reported fc test Value. Otherwise, E. is the value reported in the primary source.
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Table C-1: Specimen Identification, Cross-Sectional Properties, and Concrete Material Properties (Cont.)

Ref Reference Beam ID Si:‘)(tjli.sn h _bf _hf pw Yt_,gross _Ag : lg f‘c,te_st fr,repo_rted Ec US_Ed
# Author(s) Type (in.) (in.) (in.) (in.) (in.) (in.?) (in.%) (psi) (psi) (ksi)
54 | Sozen A.12.42 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 6260 773 4510
55 | Sozen A.12.46 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4660 596 3890
56 | Sozen A.12.48 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4840 606 3970
57 | Sozen A.12.53 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3400 342 3320
58 | Sozen A.12.56 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3790 533 3510
59 | Sozen A.12.60 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3350 542 3300
60 | Sozen A.12.73 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3550 580 3400
61 | Sozen A.14.39 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3350 509 3300
62 | Sozen A.14.44 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3350 377 3300
63 | Sozen A.14.55 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3320 434 3280
64 | Sozen A.21.39 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 3130 519 3190
65 | Sozen A.21.51 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5630 642 4280
66 | Sozen A.22.40 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5790 748 4340
67 | Sozen A.22.49 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4760 670 3930
68 | Sozen B.11.07 | 12.0 6.05 2.65 3.02 6.00 50.8 811 8260 585 5180
69 | Sozen B.11.20 | 12.0 5.92 2.65 2.95 6.00 49.7 793 4525 510 3830
70 | Sozen B.11.29 | 12.0 5.95 2.65 2.95 6.00 49.9 797 4190 450 3690
71 | Sozen B.12.12 | 12.0 6.00 2.65 3.00 6.00 50.4 804 4570 420 3850
72 | Sozen B.12.14 | 12.0 6.00 2.65 3.00 6.00 50.4 804 3850 390 3540
73 | Sozen B.12.26 | 12.0 6.14 2.65 3.03 6.00 51.4 822 4460 300 3810
74 | Sozen B.12.29 | 12.0 6.00 2.65 3.00 6.00 50.4 804 4180 430 3690
75 | Sozen B.12.35 | 12.0 6.30 2.65 3.08 6.00 52.6 843 3210 400 3230
76 | Sozen B.13.16 | 12.0 6.00 2.65 3.00 6.00 50.4 804 5540 570 4240
77 | Sozen B.21.26 | 12.0 6.00 2.65 2.96 6.00 50.2 803 4470 510 3810
78 | Sozen B.22.23 | 12.0 6.05 2.65 3.00 6.00 50.7 810 5120 390 4080
79 | Sozen C.12.18 | 12.0 6.00 2.75 1.75 6.00 45.8 796 5310 460 4150
80 | Sozen C.12.19 | 12.0 6.00 2.75 1.79 6.00 46.0 796 6040 400 4430
81 | Hernandez Gl | 12.0 6.00 2.75 1.70 6.00 44.7 795 3100 442 3170
NOTES:

Ec used is Bold if calculated using the reported fc test Value. Otherwise, E. is the value reported in the primary source.
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Table C-1: Specimen ldentification, Cross-Sectional Properties, and Concrete Material Properties (Cont.)

Ref Reference Beam ID Scé:‘:(t)iiosn _h _bf _hf pw Yegross _Ag _Ig f‘cme_st f”epo_ned Ec u§ed

# Author(s) Type (in.) (in.) (in.) (in.) (in.) (in.?) (in.%) (psi) (psi) (ksi)
82 | Hernandez G2 | 12.0 6.00 2.75 1.70 6.00 44.7 795 3280 433 3260
83 | Hernandez G5 | 12.0 5.95 2.75 1.70 6.00 44.4 788 3240 425 3240
84 | Hernandez G7 | 12.0 5.95 2.75 1.71 6.00 44.5 788 4660 458 3890
85 | Hernandez G9 | 12.0 6.00 2.75 1.78 6.00 45.1 796 3080 366 3160
86 | Hernandez G11 | 12.0 6.00 2.75 1.70 6.00 44.7 795 3020 400 3130
87 | Hernandez G12 | 12.0 5.95 2.65 2.90 6.00 49.6 796 3050 392 3150
88 | Hernandez G13 | 12.0 6.00 2.75 1.76 6.00 45.0 796 3140 371 3190
89 | Hernandez G14 | 12.0 6.00 2.65 2.95 6.00 50.1 803 3110 316 3180
90 | Hernandez G16 | 12.0 5.98 2.65 2.96 6.00 50.1 801 3810 342 3520
91 | Hernandez G22 | 12.0 6.00 2.75 1.80 6.00 45.2 796 3300 425 3270
92 | Hernandez G24 | 12.0 6.00 2.75 1.75 6.00 44.9 796 3010 383 3130
93 | Hernandez G25 | 12.0 6.00 2.75 1.75 6.00 44.9 796 3230 396 3240
94 | Hernandez G27 | 12.0 6.00 2.75 1.80 6.00 45.2 796 5050 492 4050
95 | Hernandez G28 | 12.0 6.00 2.65 3.00 6.00 50.4 804 3870 425 3550
96 | Hernandez G29 | 12.0 6.00 2.75 1.75 6.00 44.9 796 4330 433 3750
97 | Hernandez G30 | 12.0 6.00 2.65 3.00 6.00 50.4 804 5430 475 4200
98 | Hernandez G31 | 12.0 6.00 2.65 3.00 6.00 50.4 804 3160 267 3200
99 | Hernandez G35 | 12.0 6.00 2.65 3.00 6.00 50.4 804 3550 392 3400
100 | Hernandez G37 | 12.0 6.00 2.65 3.00 6.00 50.4 804 3210 392 3230
101 | Janney et al. 1-0.141 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5350 NR 4170
102 | Janney et al. 1-0.250 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 6050 NR 4430
103 | Janney et al. 1-0.420 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5400 NR 4190
104 | Janney et al. 2-0.151 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5000 NR 4030
105 | Janney et al. 2-0.306 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 4950 NR 4010
106 | Janney et al. 2-0.398 Rect 12.0 6.00 12.00 6.00 6.00 72.0 864 5700 NR 4300

NOTES:

Ec used is Bold if calculated using the reported fc test Value. Otherwise, E. is the value reported in the primary source.
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Table C-2: Specimen Reinforcement Properties

Nonprestressed
Prestressed Reinforcement Nonprestressed Tension Reinforcement Compression
Reinforcement
Ref PRE/POST fou 0] Ap dp foew fos fy # of (0] As Ls ds fy A's d's
# tensioned? (ksi) (in.) @in%  (in.)  (ksi) (ksi) | (ksi) bars (in.) (in.?) (ft) @in.) | (ksi) (in.%) (in.)
1 PRE 270 0.5sp 0.167 4.50 185 266 - - - - - - - - -
2 PRE 270 0.500 0.918 7.50 136 225 - - - - - - - - -
3 PRE 270 0.500 0.918 7.50 138 230 - - - - - - - - -
4 PRE 270 0.500 0.918 7.50 135 232 - - - - - - - - -
5 PRE 270 0.5sp 3.340 2037 159 269 - - - - - - - - -
6 PRE 270 0.5625sp 2.688 22.00 174 269 60 1 0.75 0.44 20 25 - - -
7 PRE 270 0.5625sp 2.304 2418 175 269 60 1 0.875 0.6 24 23 - - -
8 PRE 270 0.500 0.612 24.00 176 268 60 3 0.625 0.93 - 26.4 - - -
9 PRE 270 0.500 0.612 2400 176 266 60 3 1 2.37 - 26 - - -
10 PRE 270 0.500 1.071 24.00 103 266 - - - - - - - - -
11 PRE 270 0.500 1.071 24.00 103 262 60 i’ 82%2 1.84 - 26.15 - - -
12 PRE 270 0.500 1.071 24,00 103 260 60 3 1 2.37 - 26 - - -
13 PRE 270 0.500 1.530 24.00 73 259 - - - - - - - - -
14 PRE 270 0.500 1.530 24.00 73 250 60 ; 82%2 1.51 - 26.09 - - -
15 PRE 270 0.500 1.530 24.00 73 240 60 3 1 2.37 - 26 - - -
16 PRE 250 0.313 0.173  6.50 135 241 33 1 0.5 0.2 - 5.25 - - -
17 PRE 250 0.313 0.173  6.50 130 237 33 2 0.5 0.4 - 5.25 - - -
18 PRE 250 0.313 0.173  6.50 138 234 33 3 0.5 0.6 - 5.25 - - -
19 PRE 250 0.313 0.116 6.50 141 244 250 1 0.3125 0.058 - 6.5 - - -
20 PRE 250 0.313 0.116 6.50 141 244 60 1 0.5 0.2 - 6.5 - - -
21 PRE 250 0.313 0.116 6.50 142 244 33 2 0.5 0.4 - 5.88 - - -
22 PRE 250 0.375 0.240 6.50 91 221 33 1 0.625 0.31 - 5.25 - - -
23 PRE 250 0.313 0.173 6.50 136 244 - - - - - - - - -
24 PRE 250 0.375 0.240 6.50 89 233 - - - - - - - - -
25 PRE 250 0.375 0.160 6.50 121 239 250 1 0.375 0.08 - 6.5 - - -

NOTES: “sp” stands for special strand size.
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Table C-2: Specimen Reinforcement Properties (Cont.)

Nonprestressed
Prestressed Reinforcement Nonprestressed Tension Reinforcement Compression
Reinforcement
Ref | PRE/POST  fu @ Ap dp foew fos fy # of @ As Ls ds fy A's d's
# tensioned?  (ksi) (in.) (in® (in.) (ksi) (ksi) | (ksi) strands (in.) (in.?) (ft) (in.) | (ksi) (in?) (in.3)
26 PRE 250 0.375 0.160 6.50 122 236 60 1 0.625 0.31 - 6.5 - - -
27 PRE 250 0.375 0.160 6.50 119 235 33 3 0.5 0.6 - 5.67 - - -
28 POST 250 0.192 0.290 8.23 100 203 - - - - - - - - -
29 POST 250 0.192 0405 8.07 100 191 - - - - - - - - -
30 POST 250 0.191 0.171 9.08 120 247 - - - - - - - - -
31 POST 250 0.199 0.157 9.05 118 247 - - - - - - - - -
32 POST 250 0.191 0285 9.32 120 242 - - - - - - - - -
33 POST 250 0.199 0.156 9.27 119 244 - - - - - - - - -
34 POST 250 0.199 0311 913 115 241 - - - - - - - - -
35 POST 250 0.192 0232 911 108 242 - - - - - - - - -
36 POST 250 0.199 0249 933 114 242 - - - - - - - - -
37 POST 250 0.199 0.467 820 117 221 - - - - - - - - -
38 POST 250 0.192 0232 919 114 234 - - - - - - - - -
39 POST 250 0.199 0373 824 116 227 - - - - - - - - -
40 POST 250 0.199 0.467 8.09 113 204 - - - - - - - - -
41 POST 250 0.199 0.311 8.01 115 197 - - - - - - - - -
42 POST 250 0.199 0.467 836 118 195 - - - - - - - - -
43 POST 250 0.199 0.467 7.99 113 165 - - - - - - - - -
44 POST 250 0.193 0439 827 151 230 - - - - - - - - -
45 POST 250 0.193 0322 829 149 230 - - - - - - - - -
46 PRE 250 0.196 0211 9.06 114 241 - - - - - - - - -
47 PRE 250 0.196 0362 9.08 112 228 - - - - - - - - -
48 POST 250 0.193 0.440 824 116 214 - - - - - - - - -
49 POST 250 0.199 0373 802 125 210 - - - - - - - - -
50 POST 250 0.199 0249 933 114 242 - - - - - - - - -
51 PRE 250 0.199 0311 864 114 235 - - - - - - - - -
52 POST 250 0.193 0440 820 110 221 - - - - - - - - -

NOTES: “sp” stands for special strand size.
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Table C-2: Specimen Reinforcement Properties (Cont.)

Nonprestressed
Prestressed Reinforcement Nonprestressed Tension Reinforcement Compression
Reinforcement
Ref | PRE/POST  fy, @ Ap dp foew fos fy # of @ As Ls ds fy A's d's
# tensioned?  (ksi) (in.) @in% (in.)  (ksi) (ksi) | (ksi) strands (in.) (in.2) (ft) @in.) | (ksi) (in.%) (in.?)
53 POST 250 0.192 0232 919 114 234 - - - - - - - - -
54 POST 250 0.193 0.440 830 103 208 - - - - - - - - -
55 POST 250 0.193 0352 820 131 224 - - - - - - - - -
56 POST 250 0.193 0381 820 140 224 - - - - - - - - -
57 PRE 250 0.199 0311 8.60 108 203 - - - - - - - - -
58 PRE 250 0.196 0.362 859 121 206 - - - - - - - - -
59 POST 250 0.193 0352 881 136 210 - - - - - - - - -
60 POST 250 0.193 0440 844 104 174 - - - - - - - - -
61 POST 250 0.199 0218 835 117 231 - - - - - - - - -
62 POST 250 0.199 0249 850 118 224 - - - - - - - - -
63 POST 250 0.199 0311 853 117 205 - - - - - - - - -
64 POST 250 0.199 0.218 8.95 59 208 - - - - - - - - -
65 POST 250 0.199 0.467 8.12 59 171 - - - - - - - - -
66 POST 250 0.193 0.381 8.20 72 199 - - - - - - - - -
67 POST 250 0.193 0.381 8.20 57 179 - - - - - - - - -
68 PRE 250 0.196 0.121 1107 122 248 - - - - - - - - -
69 PRE 250 0.195 0.178 1021 124 245 - - - - - - - - -
70 PRE 250 0.195 0.239 10.00 124 241 - - - - - - - - -
71 PRE 250 0.196 0.121 1113 125 248 - - - - - - - - -
72 PRE 250 0.196 0.121 1114 123 247 - - - - - - - - -
73 PRE 250 0.193 0.233 10.06 110 242 - - - - - - - - -
74 PRE 250 0.195 0.238 9.76 122 241 - - - - - - - - -
75 PRE 250 0.195 0238 9.99 121 236 - - - - - - - - -
76 PRE 250 0.195 0.179 10.38 126 246 - - - - - - - - -
77 PRE 250 0.195 0.238 1021 62 237 - - - - - - - - -
78 PRE 250 0.195 0.238 10.03 55 239 - - - - - - - - -
79 PRE 250 0.199 0.187 9.69 114 245 - - - - - - - - -

NOTES: “sp” stands for special strand size.
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Table C-2: Specimen Reinforcement Properties (Cont.)

Nonprestressed
Prestressed Reinforcement Nonprestressed Tension Reinforcement Compression
Reinforcement
Ref | PRE/POST  fy, @ Ap dp foew fos fy # of @ As Ls ds fy A's d's
# tensioned?  (ksi) (in.) @in% (in.)  (ksi) (ksi) | (ksi) strands (in.) (in.2) (ft) @in.) | (ksi) (in.%) (in.?)
80 PRE 250 0.193 0.233 10.11 111 244 - - - - - - - - -
81 PRE 250 0.196 0.121 1050 126 246 - - - - - - - - -
82 PRE 250 0.196 0.121 1050 126 246 - - - - - - - - -
83 PRE 250 0.196 0.242 1011 121 235 - - - - - - - - -
84 PRE 250 0.196 0.242 1014 122 242 - - - - - - - - -
85 PRE 250 0.196 0.121 10.48 126 246 - - - - - - - - -
86 PRE 250 0.196 0.121 10.49 127 246 - - - - - - - - -
87 PRE 250 0.196 0242 10.11 121 232 - - - - - - - - -
88 PRE 250 0.196 0.121 10.49 126 246 - - - - - - - - -
89 PRE 250 0.196 0.242 10.11 120 233 - - - - - - - - -
90 PRE 250 0.196 0.242 10.14 121 240 - - - - - - - - -
91 PRE 250 0.196 0.242 10.11 113 234 - - - - - - - - -
92 PRE 250 0.196 0.242 1014 120 232 - - - - - - - - -
93 PRE 250 0.196 0.121 10.47 127 246 - - - - - - - - -
94 PRE 250 0.196 0.242 10.15 121 243 - - - - - - - - -
95 PRE 250 0.196 0.242 10.02 117 239 - - - - - - - - -
96 PRE 250 0.196 0.242 1003 119 241 - - - - - - - - -
97 PRE 250 0.196 0.242 10.10 120 244 - - - - - - - - -
98 PRE 250 0.196 0.242 1005 122 234 - - - - - - - - -
99 PRE 250 0.196 0.242 10.15 122 238 - - - - - - - - -
100 PRE 250 0.196 0.242 10.12 123 235 - - - - - - - - -
101 PRE 250 0.375 0.160 830 119 245 - - - - - - - - -
102 PRE 250 0.375 0320 830 113 234 - - - - - - - - -
103 PRE 250 0.375 0.480 830 117 201 - - - - - - - - -
104 POST 250 0.375 0.160 830 126 245 - - - - - - - - -
105 POST 250 0.375 0320 830 118 229 - - - - - - - - -
106 POST 250 0.375 0.480 830 117 204 - - - - - - - - -

NOTES: “sp” stands for special strand size.
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Table C-3: Specimen Span and Loading Geometry, Midspan Bending Moments, and ACI 318 Prestressing Classification

Ref L Lrow PL @ Mw Meee ~ Mrotars  Mrotaczs  Mrotatio  Mrotatiz Mrotaces | 2/3Mn - 2/3Mk Mv CLASS
# (ft) (ft) # (in.) | (Kip-in)  (kip-in)  (Kip-in) (Kip-in) (kip-in) (kip-in) (kip-in) | (kip-in)  (kip-in)  (kip-in)
1 | 1150 1183 2 570 10 79 107 114 126 136 286 123 - - T
2 |1450 1500 2 750 22 613 685 703 733 757 969 848 - - C
3 |1450 1500 2 750 24 606 685 705 737 764 1030 871 - - C
4 |1450 1500 2 750 26 580 666 688 723 752 1092 884 - - C
5 | 6200 6267 0 N/A| 5473 8815 10175 10515 11082 11535 34618 11843 - - C
6 |62.00 6250 0 N/A| 5138 8745 9919 10212 10701 11093 32444 10789 - - T
7 | 62.00 6267 0 N/A| 5645 8121 9775 10188 10877 11428 41942 10392 - - T
8 |13.33 1533 1 80.0 110 1610 2655 2917 3352 3701 9445 3432 4133 4834 T
9 |1333 1533 1 80.0 112 1603 2717 2995 3459 3831 9820 4753 4525 5353 C
10 | 1333 1533 1 800 107 1671 2682 2935 3357 3694 9430 4269 4475 4641 C
11 [ 1333 1533 1 800 108 1662 2737 3006 3454 3812 9498 5871 5832 5350 C
12 | 1333 1533 1 800 106 1659 2735 3004 3452 3810 9395 6282 4865 5555 C
13 [ 1333 1533 1 800 108 1707 2714 2966 3386 3721 9105 5774 4975 5308 C
14 | 1333 1533 1 800 108 1698 2759 3025 3467 3821 9272 6876 5397 5442 C
15 [ 1333 1533 1 800 108 1692 2784 3057 3512 3876 9357 7390 5264 5842 C
16 | 1500 1550 2 66.0 17 92 121 129 141 151 237 175 - - C
17 | 1500 1550 2 66.0 17 87 117 125 137 147 236 188 - - C
18 | 15.00 1550 2 66.0 17 91 122 129 142 152 238 201 - - C
19 | 15.00 1550 2 66.0 17 64 94 102 115 125 248 160 - - C
20 | 15.00 1550 2 66.0 17 64 95 103 116 126 249 157 - - C
21 | 1500 1550 2 66.0 17 63 95 102 116 126 248 155 - - C
22 | 1500 1550 2 66.0 17 86 119 127 141 152 281 226 - - C
23 | 1500 1550 2 66.0 17 93 125 133 147 157 282 165 - - C
24 | 1500 1550 2 66.0 17 86 118 127 140 151 281 211 - - C
25 | 1500 1550 2 66.0 17 76 107 115 128 138 251 193 - - C
26 | 1500 1550 2 66.0 17 76 108 117 130 141 254 209 - - C
27 | 1500 1550 2 66.0 17 73 105 113 127 137 251 201 - - C
28 | 9.00 10.00 2 34.0 9 124 178 192 214 233 316 258 247 - C
29 | 9.00 10.00 2 340 9 170 230 245 270 290 385 327 277 - T

NOTES: Value of maximum feasible service-level bending moment (used to determine classification) is bold.
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Table C-3: Specimen Span and Loading Geometry, Midspan Bending Moments, and ACI 318 Prestressing Classification (Cont.)

Ref | L Lrow PL a Mw Maec ~ Mrotais Mrotarzs  Mrotacio Mrotacie Mrotaces | 2/8Ma 2/3Mk Mv CLASS
# (ft) (ft) #  (in.) | (kip-in) (kip-in)  (kip-in)  (kip-in) (kip-in) (Kip-in) (kip-in) | (kKip-in) (kip-in) (Kip-in)
30 | 9.00 10.00 2 34.0 9 105 186 207 241 268 754 242 236 - T
31 | 9.00 10.00 2 34.0 9 94 167 186 216 241 606 218 194 - T
32 | 9.00 10.00 2 340 9 187 263 282 314 340 678 386 359 - C
33 | 9.00 10.00 2 34.0 9 99 155 169 193 212 365 211 180 - T
34 |9.00 10.00 2 34.0 9 188 268 288 322 348 723 409 376 - C
35 | 9.00 10.00 2 34.0 9 131 197 213 241 263 505 304 281 - C
36 | 9.00 10.00 2 34.0 9 155 224 241 270 293 544 334 315 - C
37 | 9.00 10.00 2 34.0 9 237 317 337 370 397 720 480 446 - C
38 | 9.00 10.00 2 34.0 9 141 195 208 231 249 339 277 251 - C
39 |9.00 10.00 2 34.0 9 189 259 277 306 330 549 390 364 - C
40 | 9.00 1000 2 340 9 220 290 308 337 361 529 415 408 - C
41 | 9.00 1000 2 340 9 146 198 211 232 249 288 254 273 - C
42 | 9.00 1000 2 340 9 248 310 326 352 373 427 392 372 - T
43 | 9.00 1000 2 340 9 216 269 282 304 322 289 294 357 - T
44 |1 9.00 1000 2 340 9 290 362 380 411 435 570 452 401 - T
45 | 9.00 1000 2 340 9 212 268 283 306 325 369 322 294 - T
46 | 9.00 1100 2 320 9 125 184 198 223 242 388 267 217 - T
47 | 9.00 1100 2 320 9 216 282 298 325 347 507 416 334 - T
48 | 9.00 1042 1 540 9 224 293 311 340 363 551 424 449 522 C
49 [9.00 1042 1 540 9 192 250 265 289 309 378 327 389 468 C
50 | 9.00 1042 2 36.0 9 156 224 241 270 292 538 334 331 423 C
51 | 9.00 1083 2 36.0 9 169 237 254 282 304 526 361 326 369 C
52 | 9.00 1042 2 36.0 9 209 288 308 341 367 701 454 405 513 C
53 | 9.00 1042 2 36.0 9 142 195 209 231 249 336 277 266 383 C
54 | 9.00 1042 2 36.0 9 202 272 290 319 343 556 419 379 495 C
55 | 9.00 1042 2 36.0 9 200 260 275 301 321 412 343 337 423 C
56 | 9.00 1042 2 36.0 9 231 293 308 334 354 429 368 367 - C
57 | 9.00 1083 2 36.0 9 161 213 226 247 265 315 285 302 333 C
58 | 9.00 1083 2 36.0 9 208 264 277 300 319 355 331 324 405 C

NOTES: Value of maximum feasible service-level bending moment (used to determine classification) is bold.
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Table C-3: Specimen Span and Loading Geometry, Midspan Bending Moments, and ACI 318 Prestressing Classification (Cont.)

Ref | L Lrow PL a Mw Mgec ~ MrotaLs Mrotatzs  Mrotacio  Mrotacie Mrotaces | 2/3Mn 2/3Mk My CLASS
# (ft) (ft) #  (in.) | (kip-in) (kip-in) (kip-in) (Kip-in) (kip-in) (kip-in) (kip-in) | (kip-in) (Kip-in) (Kip-in)
59 | 9.00 1042 2 36.0 9 241 293 306 328 345 331 328 333 495 T
60 | 9.00 1042 2 36.0 9 213 267 280 303 320 328 323 346 423 C
61 | 700 1042 2 240 4 114 164 177 198 215 299 231 234 340 C
62 | 700 1042 2 240 4 136 187 200 221 238 305 256 259 334 C
63 | 7.00 1042 2 240 4 171 222 235 257 274 307 283 319 400 C
64 |9.00 1042 1 540 9 65 115 128 148 165 284 227 203 225 C
65 [ 9.00 1042 1 540 9 117 184 201 228 250 490 358 318 387 C
66 |9.00 1042 2 36.0 9 118 186 202 230 253 506 350 321 387 C
67 | 9.00 1042 2 360 9 94 155 170 195 216 416 309 284 297 C
68 | 9.00 1083 1 54.0 6 117 193 212 243 268 711 215 233 345 T
69 | 9.00 1083 1 54.0 6 158 214 228 251 269 397 269 251 330 T
70 | 9.00 1083 1 540 6 210 264 278 300 318 378 332 316 371 T
71 | 9.00 1083 2 36.0 6 123 179 193 217 236 410 209 209 274 T
72 | 9.00 1083 2 36.0 6 121 173 186 208 225 351 207 210 260 T
73 | 9.00 1083 2 36.0 6 182 240 254 278 298 407 333 276 336 T
74 |9.00 1083 2 36.0 6 196 251 264 287 305 371 321 309 359 C
75 | 9.00 1083 2 36.0 6 204 255 268 289 305 312 313 278 330 T
76 | 9.00 1083 2 28.0 6 165 227 243 269 290 489 282 254 352 T
77 | 9.00 1083 1 540 6 108 165 179 203 222 387 338 228 237 C
78 | 9.00 1083 2 36.0 6 93 153 169 194 214 437 340 230 237 C
79 | 9.00 1083 2 36.0 6 145 205 220 245 265 441 270 222 267 T
80 | 9.00 1083 2 36.0 6 191 256 272 299 320 517 349 274 312 T
81 | 9.00 1083 2 36.0 5 118 164 176 195 210 272 190 197 239 T
82 |9.00 1083 2 36.0 5 118 166 177 197 213 286 191 197 230 T
83 | 9.00 1083 2 36.0 5 223 271 283 303 319 292 317 310 344 T
84 |9.00 1083 2 36.0 5 223 279 294 317 336 406 348 331 346 T
85 | 9.00 1083 2 36.0 5 118 164 176 195 210 271 189 197 256 T
86 | 9.00 1083 2 36.0 5 120 165 177 196 211 266 189 197 238 T
87 |9.00 1083 2 36.0 6 213 260 272 291 307 289 311 319 384 C

NOTES: Value of maximum feasible service-level bending moment (used to determine classification) is bold.
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Table C-3: Specimen Span and Loading Geometry, Midspan Bending Moments, and ACI 318 Prestressing Classification (Cont.)

Ref | L Lwow PL a Mw Maec ~ Mrotars Mrorarzs  Mrotacio  Mrotacie  Mrotaces | 2/8Mn 2/3Mk Mv CLASS
# (ft) (ft) # (in) | (kip-in) (kip-in)  (Kip-in)  (Kip-in) (kip-in) (kip-in) (kip-in) | (kip-in) (kip-in) (Kip-in)
88 | 9.00 1083 2 36.0 5 118 165 176 196 211 276 190 189 229 T
89 | 9.00 1083 2 36.0 6 212 259 271 291 307 296 314 318 380 C
90 | 9.00 1083 2 36.0 6 213 265 278 300 318 353 334 293 361 T
91 |9.00 1083 2 36.0 5 207 255 268 288 304 298 319 321 317 C
92 | 9.00 1083 2 36.0 5 223 270 281 301 316 277 312 315 335 T
93 | 9.00 1083 2 36.0 5 119 166 178 198 213 283 190 193 248 T
94 | 9.00 1083 2 36.0 5 221 281 296 320 340 442 353 342 403 C
95 | 9.00 1083 2 36.0 6 201 254 267 289 307 354 330 318 373 C
96 | 9.00 10.83 2 28.0 5 213 268 282 305 324 379 339 331 283 T
97 | 9.00 1083 2 36.0 6 207 269 284 310 331 483 355 340 460 C
98 | 9.00 1083 1 54.0 6 212 260 272 292 309 299 313 327 368 C
99 |9.00 1083 2 480 6 216 267 280 301 318 334 329 315 419 T
100 | 9.00 10.83 2 480 6 216 264 276 297 313 306 318 313 457 T
101 | 9.00 1000 2 36.0 9 83 147 163 189 211 468 198 - - T
102 | 9.00 1000 2 36.0 9 159 228 245 273 296 534 354 - - C
103 | 9.00 1000 2 36.0 9 251 316 333 360 382 485 421 - - C
104 | 9.00 1000 2 36.0 9 88 150 165 191 211 438 197 - - T
105 | 9.00 1000 2 36.0 9 167 229 244 270 291 440 334 - - C
106 | 9.00 10.00 2 36.0 9 251 318 335 363 385 510 432 - - C

NOTES: Value of maximum feasible service-level bending moment (used to determine classification) is bold.
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Table C-4: Midspan Deflections (from original sources) for Specific Levels of Midspan Bending Moment

Ref# | iy | s | G |y | s
1 0.34 | 0.38 0.49 0.61 0.43
2 0.42 0.44 0.46 | 0.48 0.60
3 0.40 0.41 0.44 | 0.46 0.61
4 0.37 0.38 0.40 | 042 0.56
5 0.84 | 0.95 1.32 1.74 2.08
6 1.33 1.46 1.76 2.19 1.85
7 0.68 0.76 111 1.62 0.81
8 0.051 | 0.059 | 0.076 | 0.100 | 0.082
9 0.046 | 0.054 | 0.070 | 0.086 | 0.133
10 | 0.047 | 0.058 | 0.082 | 0.117 | 0.238
11 | 0.045 | 0.050 | 0.063 | 0.078 | 0.215
12 | 0.045 | 0.050 | 0.063 | 0.076 | 0.137
13 | 0.055 | 0.064 | 0.082 | 0.101 | 0.301
14 | 0.047 | 0.055 | 0.070 | 0.086 | 0.205
15 0.046 | 0.052 | 0.062 | 0.073 | 0.144
16 0.38 0.41 0.47 0.55 0.84
17 0.33 0.38 0.45 | 051 0.92
18 0.36 0.41 0.46 | 0.53 1.06
19 0.21 0.23 0.30 | 0.39 0.94
20 0.22 0.25 0.32 0.42 0.80
21 0.23 0.26 0.34 | 0.44 0.81
22 0.37 0.40 046 | 0.54 1.38
23 0.32 0.34 0.41 0.53 0.64
24 0.29 | 031 034 | 041 1.15
25 0.23 | 0.26 0.30 | 0.35 1.00
26 0.26 | 0.29 0.36 | 0.42 1.15
27 0.25 0.28 0.34 | 040 1.08
28 0.08 0.11 0.14 | 0.22 0.25

NOTES: Values in italics exceed the maximum feasible service-level bending moment for the specimen.
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Table C-4: Midspan Deflections (from original sources) for Specific Levels of Midspan Bending Moment (Cont.)

Atests | Atest;75 | Atest10 | Atest12 | Atest
REf# est,6 est,7.5 est,10 est, est,max

@n) | (in) | @in) | (n) | (n)

29 | 010 | 0.13 | 0.18 | 0.23 | 0.18
30 | 0.09 | 012 | 022 | 0.38 | 0.20
31 | 011 | 016 | 033 | 054 | 0.20
32 | 010 | 013 | 018 | 0.23 | 0.26
33 | 012 | 013 | 021 | 033 | 0.16
34 | 016 | 017 | 024 | 029 | 0.34
35 | 009 | 011 | 013 | 020 | 0.25
36 | 010 | 011 | 015 | 019 | 0.23
37 | 018 | 020 | 0.23 | 027 | 0.35
38 | 007 | 007 | 009 | 014 | 0.12
39 | 013 | 016 | 020 | 025 | 0.33
40 | 011 | 013 | 0.16 | 0.20 | 0.28
41 | 009 | 010 | 013 | 0.15 | 0.16
42 | 018 | 019 | 023 | 0.26 | 0.26
43 | 011 | 013 | 016 | 019 | 0.15
44 | 019 | 021 | 025 | 028 | 0.23
45 | 016 | 017 | 021 | 023 | 0.20
46 | 011 | 014 | 020 | 030 | 0.8
47 | 014 | 016 | 020 | 023 | 0.21
48 | 0.09 | 009 | 010 | 0.11 | 0.6
49 | 007 | 008 | 0.10 | 0.12 | 0.14
50 | 011 | 011 | 0.13 | 0.15 | 022
51 | 014 | 0.16 | 021 | 0.23 | 0.29
52 | 0.13 | 013 | 0.16 | 0.20 | 0.29
53 | 0.09 | 009 | 012 | 0.14 | 0.17
54 | 013 | 0.15 | 0.19 | 022 | 027
55 | 0.14 | 015 | 0.16 | 0.18 | 0.20
56 | 0.15 | 0.16 | 0.18 | 020 | 0.21
NOTES: Values in italics exceed the maximum feasible service-level bending moment for the specimen.
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Table C-4: Midspan Deflections (from original sources) for Specific Levels of Midspan Bending Moment (Cont.)

Atests | Atest;75 | Atest10 | Atest12 | Atest
REf# est,6 est,7.5 est,10 est, est,max

@n) | (in) | @in) | (n) | (n)

57 | 009 | 010 | 0.13 | 0.16 | 0.20
58 | 0.12 | 0.15 | 0.17 | 020 | 0.21
59 | 0.15 | 0.17 | 0.19 | 022 | 0.19
60 | 0.14 | 0.16 | 0.18 | 0.21 | 0.20
61 | 004 | 005 | 008 | 0.11 | 0.14
62 | 0.04 | 004 | 006 | 008 | 0.10
63 | 0.04 | 004 | 006 | 0.08 | 0.09
64 | 0.05 | 005 | 007 | 010 | 021
65 | 0.04 | 005 | 007 | 009 | 0.17
66 | 009 | 011 | 0.13 | 0.16 | 0.29
67 | 007 | 008 | 0.11 | 0.15 | 0.33
68 | 0.05 | 006 | 0.13 | 0.22 | 0.06
69 | 0.07 | 008 | 0.10 | 0.12 | 0.10
70 | 008 | 009 | 0.10 | 0.12 | 0.12
71 | 011 | 015 | 022 | 035 | 0.20
72 | 007 | 008 | 017 | 024 | 0.16
73 | 013 | 016 | 021 | 023 | 021
74 | 015 | 018 | 020 | 023 | 0.23
75 | 014 | 018 | 025 | 0.28 | 0.20
76 | 011 | 013 | 019 | 024 | 0.16
77 | 005 | 006 | 008 | 0.10 | 0.12
78 | 008 | 011 | 0.17 | 025 | 0.32
79 | 013 | 015 | 019 | 037 | 0.15
80 | 012 | 012 | 024 | 039 | 0.15
81 | 008 | 012 | 020 | 0.28 | 0.17
82 | 010 | 0.13 | 0.19 | 024 | 017
83 | 014 | 015 | 0.16 | 021 | 0.18
84 | 0.6 | 017 | 020 | 023 | 0.22
NOTES: Values in italics exceed the maximum feasible service-level bending moment for the specimen.
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Table C-4: Midspan Deflections (from original sources) for Specific Levels of Midspan Bending Moment (Cont.)

Atests | Atest;75 | Atest10 | Atest12 | Atest
REf# est,6 est,7.5 est,10 est, est,max

@n) | (in) | @in) | (n) | (n)

85 | 007 | 011 | 019 | 027 | 0.16
86 | 0.08 | 009 | 018 | 027 | 0.15
87 | 014 | 015 | 017 | 020 | 0.21
88 | 0.07 | 010 | 0.17 | 0.25 | 0.4
89 | 012 | 013 | 016 | 0.19 | 0.20
90 | 0.14 | 016 | 0.21 | 0.24 | 0.20
91 | 016 | 017 | 021 | 0.25 | 0.29
92 | 016 | 0.16 | 0.20 | 0.24 | 0.23
93 | 0.09 | 010 | 0.19 | 0.26 | 0.15
94 | 013 | 014 | 0.18 | 023 | 0.4
95 | 015 | 018 | 0.24 | 0.26 | 0.29
96 | 015 | 0.17 | 0.24 | 030 | 0.8
97 | 012 | 013 | 018 | 022 | 0.24
98 | 0.09 | 010 | 0.12 | 0.15 | 0.15
99 | 012 | 014 | 0.16 | 0.20 | 0.20
100 | 0.10 | 0.12 | 0.15 | 0.18 | 0.19
101 | 0.06 | 0.07 | 0.08 | 0.14 | 0.09
102 | 0.09 | 0.09 | 0.11 | 0.14 | 0.24
103 | 0.12 | 0.13 | 0.16 | 0.18 | 0.23
104 | 0.06 | 0.07 | 0.12 | 021 | 0.15
105 | 0.09 | 0.10 | 0.11 | 0.17 | 0.30
106 | 0.13 | 0.14 | 0.17 | 019 | 0.25
NOTES: Values in italics exceed the maximum feasible service-level bending moment for the specimen.
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