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CHAPTER 1—INTRODUCTION

1.1~ “introduction

Estimating prestress loss at any given time during the life of
a prestressed concrete member is a complex issue. In preten-
sioned and post-tensioned members, applying prestressing
force causes shortening of the concrete member that, in turn,
causes a loss of tendon stress. Over time, concrete creep,

(acis

concrete shrinkage, and steel relaxation result in additional
reductions of tendon stress. In post-tensioned members,
losses occur during the stressing operation due to friction
between the tendon and sheathing or duct, which is caused
by the intended and unintended tendon curvature. There are
also losses due to seating of the wedges or nuts as the jacking
force is transferred into the anchorage device. These and
other sources of prestress loss are examined by the licensed
design professional to get an estimate of the total prestress
loss and resulting effective prestressing force.

Losses have inherent variability due to variations of mate-
rial properties and environmental and curing conditions.
Some losses may affect others. Time-dependint ¢rucrete
properties are particularly difficult to estimate accu ateiy, so
losses due to creep and shrinkage are expected to « = variable.
Friction between the tendon and sheath, ‘g o. drct, move-
ment of wedges within the anchorage devic>, and modulus
of elasticity of concrete are also var ables. The variability
within each component and the iniczdcsendence among the
components make it understandac'e tha studies comparing
measured prestress losses.to precictions have shown that
accurate and consistent -alcuiation of prestress loss is diffi-
cult to achieve.

The best effc + tc calculate prestress loss is only an esti-
mate and, thereforc the licensed design professional should
consider the cons~quences of actual losses being higher or
lower ‘har. the ccumated value. Estimation of prestress loss
is an imp orta.t factor for evaluating the serviceability of all
typ :s of nrestressed members and the calculation of flexural
strength of members with unbonded tendons. The estimation
of prestress loss, however, is not a significant factor in deter-
munation of flexural strength of bonded prestressed members.
When computing the shear strength of prestressed members
with little or no transverse reinforcement, a conservative
estimate of the effective prestressing force is warranted.

1.2—Scope

ACI 318-11 requires that the design of prestressed concrete
members allow for prestress loss; however, the required
level of detail for calculating losses is unspecified. The fric-
tion loss provisions for post-tensioned construction that first
appeared in ACI 318-63 were removed from ACI 318-11.
Although ACI 318-11 Commentary indicates that the lump
sum method is obsolete, the licensed design professional’s
requirement to choose a method to compute losses remains.
This guide is intended to aid the designer in this choice by
providing an overview of the various methods available.

Many participants in the design and construction process
need information on prestress losses. The licensed design
professional, precasters, and post-tensioners all need an
understanding of, and method to estimate, aspects of losses.
To which entity is responsible for calculation of each type
of loss has to be clearly defined in the contract documents.

Total losses, Af,r, are losses due to friction and seating
Afyrs, elastic shortening Af,gs, creep of concrete Af,cr,
shrinkage of concrete Af,sy, and relaxation of tendons Af,gg.
This can be expressed as Eq. (1.2)
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Aor= Mors + Mpps T Mocr + Mpsu + More - (1.2)

This guide presents background information and methods
to calculate each type of loss.

Following the introduction and a list of notation and defi-
nitions, Chapter 3 includes a historical account of the lump
sum method, currently recommended values for preliminary
design, and a summary of losses that have been measured in
field and laboratory studies.

Chapter 4 discusses the different types of initial losses and
addresses the differences between pretensioned and post-
tensioned members.

Chapter 5 presents a simplified approach to estimate
long-term losses due to creep, shrinkage, and relaxation for
pretensioned and post-tensioned concrete members.

Detailed approaches to estimate long-term losses are
presented in Chapter 6, which also addresses changes in
prestressing force caused by differential shrinkage and
hydration of the concrete deck in composite members. The
approaches can be used for pretensioned or post-tensioned
members.

Chapter 7 discusses the variability of prestress loss calcu-
lations caused by concrete material properties, including
compressive strength at transfer, modulus of elasticity, and
creep and shrinkage.

Chapter 8 presents example problems and compares solu-
tions from different methods.

1.3—Historical development

The concept of prestressing concrete dates back to the
late 1800s (Naaman 2012). The performance of early
prestressed concrete structures was adversely affect=d hy
time-dependent strains in the concrete—for examg'e, crecp
and shrinkage, which were nearly as large as the 1n :ial Lceel
strain due to prestressing. Before 1940, the ritia’ stes | strain
induced by prestressing was limited by the ow ield strength
of steel. French engineer Eugene Freyssine recognized the
significance of prestress losses and he neea for steels with
high yield strength for prestresred ‘npl.cations. By 1945,
higher strength steel became av.ilable, making it possible
to produce the initial prestrssin ¥ strain large enough so that
the time-dependent strains aczeioped in the concrete would
not overcome the in“inl prestressing strain. As a result, the
remaining presiress ng iorce in the steel would be suffi-
ciently large to be =ffective.

Prestress i»sses were first addressed by ACI 318 in 1963.
Althenglithe vrovisions catalogued the different causes of
prestres.. loss, they only provided specific instruction on
deterinining fiiction losses. These code provisions were
basud on an earlier committee publication that provided
similar, slightly more detailed guidance on prestress loss
(ACI-ASCE Committee 323 1958).

In the 1970s, the Precast/Prestressed Concrete Institute
(PCI Committee on Prestress Losses 1975) and Zia et al.
(1979) provided more detailed methods to estimate prestress
losses. Since the 1970s, others have developed methods to
estimate prestress losses (Tadros et al. 2003; Seguirant and
Anderson 1985; Youakim et al. 2007; Garber et al. 2013).

American Concrete Institute — Copyrighted © Material — www.concrete.org

Gilbert and Ranzi (2011) and Branson (1977) provide
general approaches to the calculation of a variety of time-
dependent effects in concrete structures, including prestress
losses. Computer programs have been developed to perform
the tedious calculations required for stepwise analyses of
prestress loss. However, due to the inherent uncertainties
associated with material properties, construction practices,
and in-service conditions, even the most refined calculations
result in prestress loss predictions that differ from measvicd
values.

1.3.1 Currently available guidance on estimating pre “tress
losses—For pretensioned building products,.the PCI ¢ 5ign
Handbook (PCI12010) presents a method tc =st1 ~ate prestress
losses based on the method developed by z.» et ul. (1979).
This method is widely used for building tructures and is
referenced in the R18.6.1 commer, “ury «f ACI 318-11, and
presented in this guide in Chapter 5. Jor bridge beams, the
“AASHTO LRFD Bridge Desiyn Specification” (AASHTO
2012) presents two methods. One is an approximate method
and the other a refined meti.nd ba ed on several parameters
to estimate prestress.los.=s. The refined method could be
applied to buildnr pruducts as well. These methods are
presented in Chapter. 5 and 6.

1.4—Guide >rganization and use

This guide presents a variety of approaches for esti-
mating p.ootress losses in pretensioned and post-tensioned
me mbe.s. This section identifies relevant sections of interest
in the guide, depending on member type (pretensioned or
»ost-tensioned) and level of effort (lump sum, simplified, or
detailed). The lump sum method is only recommended for
preliminary designs. The simplified method is appropriate
for most typical designs. Detailed methods are most often
used for more complex structures, which may have staged
construction and prestressing operations.

1.4.1 Pretensioned members—Losses for pretensioned
members are classified as initial or long-term. One group
of initial loss occurs during stressing and before transfer
of prestress due to friction, seating losses, and temperature
effects. It is the precaster’s responsibility to understand the
magnitude of these losses and account for them to provide
the specified strand stress before transfer. Information on
these types of losses is found in:

(a) Anchorage seating—4.2.1

(b) Form and abutment deformations—4.2.2

(c) Thermal effects—4.2.4

(d) Steel relaxation—4.2.5

Another initial loss is elastic shortening of the member
that occurs at the time of transfer. As the prestress force
is transferred to concrete, the member shortens. The steel
and concrete are fully bonded, so the steel shortens with
the concrete. This shortening causes a loss in stress in the
prestressing steel, known as the elastic shortening loss, which
should be accounted for by the designer. Long-term losses
occur due to concrete creep and shrinkage and prestressing
steel relaxation. Other changes of tendon force can occur
due to temperature effects and external loads placed on the
member at the time of casting or in service.
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