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This report gives general information regarding evaluating corro-
sion damage in structures reinforced with unbonded single-strand 
post-tensioning tendons. Historical development of those parts of 
the building code dealing with durability and corrosion protection 
is explained. Evolution of the types and components of unbonded 
tendons is described. Specific aspects of corrosion in unbonded 
single-strand tendons are described, and common problems in 
structures reinforced with these tendons are discussed. Methods 
are presented for repairing, replacing, and supplementing tendons.

Keywords: allowable stresses; anchorage; carbonation; concrete construc-
tion; corrosion; corrosion protection; cover; durability; embrittlement; 
external post-tensioning; post-tensioned concrete; prestressed concrete; 
sheathing; single-strand tendons; unbonded post-tensioning.
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CHAPTER 1—INTRODUCTION

1.1—General
This report provides general information on the evalua-

tion of known or suspected corrosion problems in unbonded 
single-strand tendons, historical information on the types 
and components of unbonded tendons and on the durability 
and corrosion protection provisions in the building code, 
and describes typical repair methods in use today. Expertise 
in design, construction, evaluation, and repair of structures 
using single-strand unbonded tendons is strongly recom-
mended for a team undertaking evaluation and repair of 
corrosion problems.

Historically, there have been corrosion problems with 
other types of pre- and post-tensioning systems (Nehil 
1991); however, certain aspects of corrosion of unbonded 
single-strand tendons are unique. The causes and effects of 
corrosion of unbonded single-strand tendons are, in several 
respects, different from those of bonded conventional 
reinforcing or other post-tensioning (PT) systems, so the 
methods for evaluating and repairing corrosion of single-
strand tendons are also different. For example, because the 
tendons are largely isolated from the surrounding concrete, 
they may not be affected by deleterious materials such as 
chlorides and moisture in the concrete. The surrounding 
concrete does not stop corrosion alone because, if water 
gains access to the inside of the sheathing, PT coating is 
rendered ineffective. Measures taken to repair and protect 

the surrounding concrete may not repair or reduce deteriora-
tion of the prestressing steel where corrosion has been initi-
ated. The tendons usually require separate evaluation and 
repair.

1.2—Background
Unbonded PT systems were introduced to North America 

in the 1950s. At that time, there were no accepted standards 
for design or material specifications for prestressing steels. 
Guidance came in the form of tentative recommendations 
from Joint ACI-ASCE Committee 323 (1958), Bureau of 
Public Roads (1954), or Structural Engineers Association of 
Northern California (SEA/NC) (1959). Unbonded tendons 
in the early systems used bundles of wires or strands, some-
times inaccurately called cables, of various diameters, and 
were assumed to be protected by PT coating and paper 
sheathing that were sometimes applied by hand (Nehil 1991; 
Schupack 1991a).

The use of unbonded tendons became more common 
during the late 1950s and early 1960s, as progress was made 
in establishing design and materials standards. Acceptance 
of the concept was regional at first and was largely the result 
of sales efforts and design tutoring by tendon suppliers. 
The use of post-tensioning increased rapidly during the late 
1960s and 1970s as advantages of the system were demon-
strated. For many types of structures, these advantages 
included shorter construction time, reduced structural depth, 
increased stiffness, and savings in overall cost. In addition to 
their use in enclosed buildings, unbonded PT systems were 
used in parking structures and slabs-on-ground, and bonded 
post-tensioning was used on water tanks, bridges, dams, 
and soil tie-back systems. Unbonded multi-wire and multi-
strand tendons have been used extensively in nuclear power 
structures.

Incidents of corrosion of unbonded single-strand tendons 
began to surface during the 1970s. It was believed that 
corrosion protection would be provided by the PT coating 
during shipping, handling, and installation, and by the 
concrete thereafter. The early PT coatings, however, often 
did not provide the corrosion-inhibiting characteristics that 
are presently required in ACI 423.7 or PTI M10.2. In the 
early 1980s, the Post-Tensioning Institute (PTI) recognized 
the structural implications of corrosion and began imple-
menting measures to increase the durability of unbonded 
PT systems (Post-Tensioning Institute 1985). Relying 
on the experience and practice of the nuclear industry’s 
use of corrosion-inhibiting hydrophobic grease, similar 
performance standards for grease were adopted. In 2000, 
PTI published the second edition of its “Specification for 
Unbonded Single Strand Tendons (PTI M10.2-00).” In ACI 
318-89, measures were incorporated that related the required 
protection of the tendons and the quality of the concrete to 
the environmental conditions that could promote corrosion 
of the post-tensioning.

In 2007, ACI published ACI 423.7, which provides 
detailed specifications for PT coating. With the adoption 
of this specification, the term “grease” was replaced with 
the more generic term “PT coating” to address other mate-
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rials used as protection systems inside the sheathing. These 
improved coatings were introduced by PTI M10.2 long 
before the publication of ACI 423.7. Structures built before 
the adoption of these standards, especially those in aggres-
sive environments, are more likely to experience corrosion 
of the PT system than those designed and built since then.

Tendons that are broken or damaged by corrosion can be 
repaired or supplemented by several methods. The more 
difficult task is determining the extent of corrosion damage 
and degree to which tendon repairs are needed. This report 
provides guidance on the evaluation of suspected or known 
corrosion problems and describes repair methods currently 
in use.

1.3—Scope
This report reviews the following:
a) Codes and code changes affecting unbonded PT tendons
b) Past and present corrosion protection systems and how 

they have changed to enhance corrosion protection
c) Types of corrosion damage found in prestressing steel
d) Methods for evaluating structures that are suspected of, 

or known to have, corrosion damage in the PT system
e) Basic repair options

1.4—Limitations
This report presents a summary of typical problems expe-

rienced with unbonded PT systems and includes general 
guidelines for evaluating and repairing single-strand 
tendons. While the methods presented are general in nature, 
they are not universally applicable. Standard specifications 
and details are not included because each structure is unique 
and should be analyzed accordingly.

This report is not intended to be included as a part of spec-
ifications for investigations and repairs. Presently, there is 
no practical method to determine the total extent of damage 
to a PT system. The unpredictable nature of tendon failures 
exhibited by inadequately protected, corroding strand makes 
estimating tendon life uncertain.

A wide variation exists in the durability and rate of dete-
rioration of older PT systems. This is due, in part, to the 
composition of the parts of the tendon: strand, anchors, 
PT coating, and sheathing, and in part to the quality of the 
surrounding concrete, environmental exposure, and type of 
maintenance performed on the structure. The investigator 
should rely on available information on the historical perfor-
mance of similar structures and should be experienced in 
interpreting external evidence that may give an indication of 
latent internal problems.

CHAPTER 2—DEFINITIONS

2.1—Definitions
ACI provides a comprehensive list of definitions through 

an online resource, “ACI Concrete Terminology,” http://
www.concrete.org/Tools/ConcreteTerminology.aspx. Defi-
nitions provided herein complement that resource.

post-tensioning (PT) coating—material used to protect 
the prestressing steel against corrosion and reduce friction 

between prestressing steel and sheathing; this term has been 
adopted to refer to grease or other materials, or a combina-
tion of both, that may be used inside the sheathing to protect 
the strand.

CHAPTER 3—REVIEW OF CODE REQUIREMENTS 
AND CHANGES

3.1—General
When evaluating corrosion damage in post-tensioned 

structures with unbonded tendons, the investigator should 
consider the age of the structure and the standards of prac-
tices available to the licensed design professional and 
contractor at the time of construction.

Although ACI published building regulations for rein-
forced concrete as early as 1920, ACI 318-47 was the first 
to acknowledge the significance of environmental expo-
sure. ACI 318-47, ACI 318-51, and ACI 318-56 also recog-
nized the importance of clear cover and concrete quality 
in providing adequate corrosion protection to the nonpre-
stressed bonded reinforcement.

Joint ACI-ASCE Committee 323 (1958) addressed the 
protection of prestressing steel in three areas of recom-
mended practice: concrete cover; allowable tensile stresses; 
and, for unbonded systems, protection of the strand or wire 
with PT coating and a sheathing material. Since 1958, provi-
sions for prestressed concrete have included requirements 
for corrosion protection. The PT coating and sheathing were 
viewed, by most, primarily as a lubricant and bond breaker, 
and secondarily as a corrosion deterrent during shipping, 
handling, and placing. Long-term corrosion protection 
was viewed by some as being provided by the uncracked 
concrete cover.

Prestressed concrete was first included in ACI 318-63 with 
provisions for concrete cover, allowable tensile stresses, and 
strand protection. These items were modified occasionally, 
but the substantive change came in ACI 318-89 when dura-
bility was emphasized.

3.2—Cover requirements for unbonded tendons
ACI 318-63 required the following:
a) The following minimum thickness of concrete cover 

shall be provided for prestressing steel, ducts, and nonpre-
stressed steel:

Cover, in. (mm)
Concrete surface in contact with ground...................2 (50)

Beams and girders:
Prestressing steel and main reinforcing bars..........1.5 (40)
Stirrups and ties.........................................................1 (25)
Slabs and joists exposed to weather..........................1 (25)
Slabs and joists not exposed to weather..................75 (20)

b) In extremely corrosive atmosphere or other severe expo-
sures, the amount of protection shall be suitably increased.

Eight years later, in ACI 318-71, the cover requirements for 
prestressed members cast against and permanently exposed 
to earth increased from 2 in. (50 mm) to 3 in. (75 mm). In 
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addition, a requirement for concrete protection for reinforce-
ment was introduced that increased cover requirements 50 
percent in members with allowable concrete tensile stresses 
above 6√fc′ psi (0.5√fc′ MPa). The provisions for concrete 
cover in ACI 318-63 were also revised to require that density 
and nonporosity, in addition to cover of the concrete, be 
considered when increasing concrete protection. The provi-
sions for cover of unbonded prestressing strand did not 
change in ACI 318-77, 318-83, or 318-89. In ACI 318-83 
Commentary, a discussion was added as follows:

R7.7.5—Corrosive environments
When concrete will be exposed to external sources 
of chlorides in service, such as deicing salts, 
brackish water, seawater, or spray from these 
sources, concrete must be proportioned to satisfy 
the special exposure requirements of code Section 
4.5. These include minimum air content, maximum 
water-cement ratio (or minimum strength of 
lightweight concrete), maximum chloride-ion 
in concrete, and cement type. Additionally, for 
corrosion protection, a minimum concrete cover 
for reinforcement of 2 in. (50 mm) for walls and 
slabs and 2-1/2 in. (60 mm) for other members is 
recommended. For precast concrete manufactured 
under plant control conditions, a minimum cover 
of 1-1/2 and 2 in. (40 and 50 mm), respectively, is 
recommended.

This discussion calls the designer’s attention to the impor-
tance of air content, maximum water-cementitious material 
ratio (w/cm), maximum chloride ion content, and cement 
type when designing for corrosion protection.

While not specific to prestressed concrete, R7.7.5 of 
ACI 318-83 makes reference to increasing concrete cover 
when concrete is exposed to external sources of chlorides 
in service. Section 7.7.6.1 of ACI 318-08 requires increased 
cover for Class T and C prestressed concrete members in 
corrosive environments, and that two-way floor systems 
must satisfy Class U requirements of 18.3.3.

Finally, a distinction between plant-cast members and 
other prestressed concrete members was made in ACI 
318-71 with the addition of distinct cover requirements for 
plant-cast members.

3.3—Allowable tensile stresses in concrete
In aggressive environments, designing to minimize 

cracking was used to improve durability by reducing ingress 
of corrosive elements. Though a properly coated tendon in 
an intact sheathing may not be affected at first by a crack in 
the surrounding concrete, corrosion of nearby conventional 
reinforcement can cause spalling that may expose the tendon 
to physical damage, which may then lead to corrosion of the 
strand. For consideration of long-term durability and corro-
sion protection, the maximum allowable tensile stresses in 
the concrete at service loads, after allowance for all prestress 
losses, are of most interest. The initial recommendations 
(Joint ACI-ASCE Committee 323 1958) limited allowable 

tensile stresses in pretensioned members to 6√fc′ psi (0.5√fc′ 
MPa) where not exposed to weather or corrosive environ-
ments. In post-tensioned members not exposed to weather 
or corrosive environments, tensile stresses were limited to 
3√fc′ psi (0.25√fc′ MPa). No mention was made of allowable 
stresses in unbonded systems.

In ACI 318-63, allowable tensile stresses in concrete were 
limited to 6√fc′ psi (0.5√fc′ MPa) for members not exposed 
to freezing temperatures or to a corrosive environment, 
provided that the members contained bonded reinforce-
ment—prestressed or nonprestressed—to control cracking. 
For all other members, no tensile stresses were allowed at 
service load levels.

ACI 318-71 required that tensile stresses in concrete be 
limited to 6√fc′ psi (0.5√fc′ MPa) for most members, but 
allowed tensile stresses up to 12√fc′ psi (1.0√fc′ MPa) in 
the concrete, provided that computations were made using 
the cracked transformed section and a bilinear moment-
deflection relationship to confirm that long-term deflection 
of the member satisfied the Code. In addition, the allowable 
tension limits could be exceeded, provided that experimental 
or analytical work could show that performance would not 
be impaired.

In ACI 318-77, for an allowable tensile stress up to 12√fc′ 
psi (1.0√fc′ MPa), a provision was added requiring that the 
concrete cover for prestressed and nonprestressed steel 
be increased for prestressed members exposed to earth, 
weather, or corrosive environments. Provisions of ACI 
318-77 required a 50 percent increase in cover for members 
exposed to weather, earth, or corrosive environments and 
with a tensile stress greater than 6√fc′ psi (0.5√fc′ MPa).

In ACI 318-02, the allowable stress provisions were modi-
fied to classify prestressed concrete elements as Class U, T, 
or C members, depending on the calculated tensile stress at 
the extreme fiber due to service loading. Class U members 
(uncracked) would have a tensile stress less than or equal 
to 7.5√fc′ psi (0.625√fc′ MPa), whereas Class C members 
(cracked) would have a tensile stress exceeding 12√fc′ psi 
(1.0√fc′ MPa). Class T members (transition) would be in the 
transition zone between cracked and uncracked elements, and 
would have an extreme fiber tensile stress of between 7.5√fc′ 
and 12√fc′ psi (0.625√fc′ and 1.0√fc′ MPa). These revisions 
allow service-load tensile stresses to exceed the cracking 
stress in prestressed flexural members, but those members are 
then required to be analyzed as cracked members. Further-
more, Class C members must have sufficient nonprestressed 
reinforcement to control cracking. Prestressed two-way slab 
systems, however, are still required to be designed as Class 
U members.

ACI 318-05 adjusted the allowable stress for prestressed 
two-way slab system back to 6√fc′ psi (0.5√fc′ MPa), and this 
change applied to both bonded and unbonded prestressed 
flexural members requiring their design as Class U members. 
This requirement remains valid in ACI 318-11.

3.4—Protection of unbonded tendons
The protection of unbonded prestressing strands was 

initially described by Joint ACI-ASCE Committee 323 
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(1958) to consist of a grease- or asphalt-impregnated mate-
rial enclosed in a sheathing. Specification and approval of 
the method of protection was left to the licensed design 
professional. ACI 318-63 required that “Unbonded steel 
shall be permanently protected from corrosion.” However, 
no specific information was provided relative to the 
sheathing material and the required corrosion protection. As 
noted previously, concrete cover was sometimes interpreted 
as providing the permanent protection from corrosion.

ACI 318-71 stipulated that “Unbonded tendons shall be 
completely coated with suitable material to ensure corrosion 
protection.” It also required that wrapping should be contin-
uous over the entire unbonded zone of tendons to prevent 
bonding with surrounding concrete and loss of the coating 
material during concrete placement.

In 1972, the Post-Tensioning Institute (PTI) published 
its first edition of the Post-Tensioning Manual (Post-
Tensioning Institute 1972), which included a specifica-
tion for PT materials. Subsequently, this specification was 
revised and published as a guide specification in the second 
(Post-Tensioning Institute 1976) and third (Post-Tensioning 
Institute 1981) editions. In 1985, PTI published “Specifica-
tion for Unbonded Single Strand Tendons,” the first detailed 
specification to be based on experience (Post-Tensioning 
Institute 1985).

Significant provisions of the “Specification for Unbonded 
Single Strand Tendons” (Post-Tensioning Institute 1985) are 
discussed in the following.

(a) Definition of exposure conditions: The specification 
addressed tendons in normal (noncorrosive) environments, 
and tendons in aggressive (corrosive) environments. Normal 
environments were defined as those present in nearly all 
enclosed buildings with dry interiors, and exposed struc-
tures in areas with very little or no snow. Aggressive envi-
ronments were defined as those that would expose the struc-
ture to direct or indirect applications of deicer chemicals, 
seawater, brackish water, or spray from these sources.

(b) Anchorages and couplings: Anchorages were required 
to have watertight connection to the sheathing and a water-
tight closing of the wedge cavity. Couplings were required 
to be protectively coated the same as the strand because they 
become part of the strand.

(c) Sheathing: Sheathing material thickness was speci-
fied according to exposure, and was given as 0.025 in. (0.6 
mm) for normal environment and 0.040 in. (0.8 mm) for 
aggressive environment. The inside diameter of the finished 
sheathing was required to be at least 0.010 in. (0.3 mm) 
greater than the diameter of the strand.

(d) Corrosion-preventive coating: The minimum weight 
of PT coating coverage of the strand was given, as was a list 
of test requirements for the PT coating itself. The corrosion 
protection performance was based on ASTM B117 for the 
time until Rust Grade 7 was developed and was set as 720 
hours minimum for normal environment and 1000 hours for 
aggressive environment.

PTI reissued this specification (Post-Tensioning Institute 
1993) after substantial revisions were made to all chapters. 
Major changes are summarized in the following.

(a) Definition of exposure conditions: The terms “normal 
(noncorrosive)” and “aggressive (corrosive)” used in previous 
specifications were changed to “normal” and “aggressive.” 
The definitions of normal and aggressive remained similar 
to the 1985 specification except that exposed structures in 
areas with very little or no snow were no longer mentioned 
as being in a normal environment. The designer was advised 
to “…evaluate the conditions carefully to determine if the 
environment in which a structure is located is considered 
aggressive in any way.”

(b) Definition of exposure conditions: A stipulation was 
added that stressing pockets not maintained in a dry condi-
tion after construction should be considered exposed to an 
aggressive environment.

(c) Prestressing steel: Protection requirements were added 
for packaging and identification. A criterion was added that 
limited surface rust to pits no more than 0.002 in. (0.05 mm) 
diameter or length. (This type of rust can be removed with 
fine steel wool and might not be felt with the fingernail.)

(d) Anchorages and couplers (formerly couplings): Static 
test criteria were clarified and linked to ACI 318, and dynamic 
test requirements were added. Design criteria were added for 
bearing stresses on concrete. A stipulation was added that 
required anchorages intended for use in aggressive (corro-
sive) environments have watertight connections between all 
components. Encapsulation of the anchorage, the connection 
of the sheathing to the anchorage encapsulation, and the seal 
of the wedge cavity were required to sustain a hydrostatic 
water pressure of 1.25 psi (0.0086 MPa) for 24 hours.

(e) Sheathing: The thinner sheathing previously allowed 
for tendons to be exposed to normal environments was 
removed; the minimum thickness of sheathing was specified 
as 0.040 in. (1.0 mm) for both environments. The size of 
the annular space between the outside of the strand and the 
inside of the sheathing was increased from 0.010 to 0.040 
in. (0.3 to 0.8 mm). Complete encapsulation of tendons to 
be used in aggressive environments was specified with the 
same watertightness requirements given for anchorages. A 
statement was added that calls for the designer to specify the 
amount of unsheathed strand permitted at the anchorages for 
tendons exposed to normal environments.

(f) Corrosion-inhibiting coating (formerly corrosion-
preventive coating, commonly referred to as grease, and 
now referred to as PT coating): All tendons are to use PT 
coating that meets the ASTM B117 Rust Grade 7 criteria 
after 1000 hours. (The shorter test time previously permitted 
for tendons to be used in normal environments was dropped.)

(g) Installation requirements: The minimum cover 
requirement for anchorages was added and was specified to 
be at least 1.50 in. (40 mm) for normal environments and 2 
in. (50 mm) for aggressive environments.

(h) Tendon finishing—Permissible length of strand projec-
tion from the face of the wedges was reduced. The previous 
projection allowed was 0.75 in. (20 mm) minimum and 1.25 
in. (30 mm) maximum; the revised projection limits are 0.50 
in. (12 mm) minimum and 0.75 in. (20 mm) maximum. The 
PT coating is now required by ACI 423.7 to:

a) Provide lubrication between the strand and the sheathing
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b) Resist flow caused by gravity within anticipated 
temperature range of exposure

c) Provide continuous nonbrittle coating at lowest antici-
pated temperature of exposure

d) Be chemically stable and nonreactive with prestressing 
steel, reinforcing steel, sheathing material, and concrete

CHAPTER 4—UNBONDED TENDONS

4.1—Historical development of unbonded tendons
The first building structures to use unbonded tendons in 

North America were lift slabs built during the mid-1950s 
(Peterson and Braunfield 1957). The early, unbonded 
tendons were coated and helically wrapped with paper. They 
used high-strength wires, generally 0.25 in. (6 mm) in diam-
eter, with an ultimate strength of 240 ksi (1650 MPa) with 
button-head type anchorages, as shown by Fig. 4.1a. This 
system had large cumbersome anchorages, large trumpet 
transitions, and a fixed distance between buttons at each end 
of the tendon. Systems also evolved during this period that 
used single and multiple strands.

In the early 1960s, the convenience of placing unbonded 
single-strand tendons was realized and the number of 
suppliers increased. The marketplace found the competi-
tiveness of this system favorable, and the use of unbonded 
single-strand tendons increased significantly. Anchorage 
hardware varied considerably and included high-strength 
spirals, barrels, or castings with wedges and fittings that were 
swedged (mechanically attached) to the prestressing steel. 
The type of anchor that has become the most common is a 
casting that contained a recess to house a two-piece wedge 
for use with a single strand (Fig. 4.1b). This is currently the 
predominant system for unbonded single-strand tendons.

By the late 1960s, plastic began replacing paper sheathing. 
Three different processes were used (Fig. 4.1c and 4.1d). In 
one system, the strand was covered by a preformed push-
through plastic tube. In a second system, the strand was 
wrapped longitudinally with a heat-sealed strip of sheathing. 
Currently, the coated strand is covered by molten plastic 
that is continuously extruded around it (Schupack 1991b). 
Initially, the thickness and composition of the sheathing 
material were left to the supplier and were not uniform in the 
industry. The Post-Tensioning Institute (1985) regulated the 
type of sheathing material, the types of coatings used, and 
the dimensional tolerances of the system as it is applied to 
the strand. ACI 423.7 summarizes the more comprehensive 
specifications for both the sheathing and the coating.

Initially, there were no corrosion protection standards for 
the PT coating (except in the nuclear industry [ACI 349]), so 
the tendon manufacturers used the PT coating of their choice. 
Corrosion-resisting properties of the PT coating were not 
specified, nor were there standards for the uniformity and 

Fig. 4.1a—Button head anchor system.

Fig. 4.1b—Typical strand anchor consisting of casting and 
two-piece wedges.

Fig. 4.1c—Push-through plastic tube for sheathing 
(Schupack 1991a).
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amount of PT coating to be applied to the prestressing steel. 
Deterioration of the PT coating was not expected, but as 
problems became known, they were addressed by the Post-
Tensioning Institute (1993).

4.2—Sheathing problems
Advances in the sheathing systems were generally imple-

mented in direct response to short-comings of the systems, 
difficulties in manufacturing, or improvements in the manu-
facturing systems. One of the earliest forms of sheathing was 
the paper-wrapped systems. These systems used a paraffin- 
or wax-impregnated paper that was typically helically 
wound around the tendon with little to no attention given to 
the start or termination of the wrap.

As a result, the paper wrapping would not necessarily 
be sealed at the overlaps in the wrapping, thereby allowing 
any moisture or chlorides that entered the concrete a path to 
reach the tendon wires. Furthermore, at cracks that crossed 
the tendon, water could infiltrate and erode the paper-wrap-
ping, leaving gaps in the sheathing at locations of moisture 
infiltration. In addition, the paper-wrapping could be easily 
damaged during shipping or installation. To address these 
issues and provide a more durable sheathing material, the 
industry changed to plastic-based sheathing systems such as 
the push-through, heat-sealed, and extruded systems.

The push-through system required that the sheathing 
be sufficiently oversized to allow the coated strand to be 
inserted without too much difficulty. This system often 
resulted in larger-than-desirable gaps between the strand and 
the sheathing, and the coating systems could not be relied 
on to completely occupy this interstitial space. This resulted 
in a tendon with many air voids inside the sheathing and 
allowed infiltration of water during storage, shipping, instal-
lation, and in service.

With the heat-sealed system, the sheathing was provided 
in rolls of flat plastic tape that was usually 20 to 40 mils 
(0.5 to 1.0 mm) thick. During tendon fabrication, the strand 
was taken from the pack and passed through an extrusion 
head that applied PT coating to the strand. The tape was then 
folded over the coated strand and the lapped seam welded 
shut with a flame. While this system generally provided 
sheathing more closely wrapped to the strand, this method 

still resulted in a slightly oversized sheathing that could 
have air voids. Additionally, there were occasional issues 
with the integrity of the heat-sealed strip. The seam weld 
was interrupted each time there was a pause in the process, 
and sometimes the sealed seam pulled apart during handling 
or installation. This system is frequently found to have gaps 
from one cause or another that expose the coated strand to 
contact with the concrete.

Seamless extruded sheathing first appeared in the early 
1970s. The extruded sheathing minimized gaps between the 
strand and sheathing by providing a snug, seamless sheathing 
around the coated strand, thereby limiting the problems 
experienced with the push-through and heat-sealed systems.

4.3—Detailing practices
Certain details that were initially considered acceptable 

have been shown to be insufficient to provide the degree of 
durability required by recent versions of ACI 318. It is now 
recognized that concrete cannot provide reliable protection 
to the strand, even if the strand is coated.

It is common practice in both detailing and installation to 
allow the sheathing to stop short of the anchorages, as shown 
by Fig. 4.3a. During stressing operations, the strand at the 
stressing end moves approximately 8 in. per 100 ft (200 mm 
per 30 m) of length. Direct contact between the unsheathed 
strand and the hardened concrete is disturbed at the stressing 
end during this elongation, thus providing a path for water to 
find its way to the strand and into the sheathing (Schupack 
1991a). ACI 423.7 limits the length of exposed strand to 1 

Fig. 4.1d—Heat sealed and extruded sheathing system 
(Schupack 1991a).

Fig. 4.3a—Comparison of typical sheathing treatment at 
anchorage. Note past practice of stopping sheathing short 
of anchorages (Schupack 1991a).
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