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Project 4562 was launched with support from the Texas Deeattof Transportation
and the Federal Highway Administration. The project designed to test the relative corrosion
resistance of various post-tensioned systems. Thetensy have utilized new and innovative
strand types not commonly used in current postitensy projects. The project consists of
various parts including large beam exposures. These be@m specimens are currently being
exposed to a salt solution cycle at the Phil M. Feygu®&tructural Engineering Laboratory at the
University of Texas at Austin. From a previous projeat thas similar in scale, it was noticed
that there was a need to know the corrosive pragsebiefore the autopsy of the large specimens.
The grouts and grouting techniques had previously bested by various researchers. Therefore,
it was important to establish the corrosive properties of thads used in the post-tensioning of
the large beam specimens. The goal of this reseesto establish the corrosive properties of
the different strand and grout interactions. Thiduded establishing appropriate testing

techniques to compare times to corrosion and relativesiorroesistance.

These objectives were achieved in two stages.cohesive properties of the different strand
and grout interactions were established through@eind passive corrosion tests. Different
electrochemical testing techniques were employexdt&in the corrosive properties which
consist of the active corrosion tests. Most imptiyawas the use of the linear polarization
resistance testing technique to compare the times to morios each strand specimen. The
passive corrosion tests utilized exposing the bare strandsatoweater solution and determining
relative corrosion properties by final weight l@ssl visual inspection. Another passive test has

the strands encased in grout and exposed to a salt waters@llittime causing the strands to



undergo electrochemical processes. The specimemsauritored for potential and current

created during these processes.
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Chapter 1

Introduction

1.1 Background

With the popularity of post-tensioned bridge congtauicin the United States and the
world, the need for corrosion protection is great. 3tieel materials used in the prestressing
elements of post-tensioned systems are very high strength andregeable to corrosion
attacks. Techniques are used during constructioohatry to prevent such corrosive action.
Some of these techniques include coating the m®stg strands with oil and grouting the ducts
after placement. Due to the corrosive natureeadlsthe post-tensioned strands are highly
vulnerable even with these precautions. A differentiplessolution could be the use of
materials other than the conventional steels used totlagre is ongoing research to discover
new materials that can match the durability of steelentrieventing corrosion and be
economically reasonaBt&**% %21 |n an effort to explore these options furthére Trexas
Department of Transportation and the Federal Hight@myinistration began funding of
research on the topic of creating better systems fortposiened bridge construction. This
research has already found new construction methodsasna tadened the scope of research to

develop more test methddg419421

The cost of corrosion of reinforced concrete structige$ concern in the United States
with an estimated cost of $8.3 billion annu&llyA major problem with post-tensioned systems
is that it is very difficult to detect corrosion in ttemdon even when regular maintenance checks
are made. These regular checks lead to high osts lifetime of a structure. Also, in order to
be inspected, the ducts must be left ungrouted. This I¢a@dsndon exposed and vulnerable to
atmospheric conditions which can be harsh, especiallyriarine environment. Even with the
ducts grouted, there is still no guarantee to theeption of the tendon from corrosive agents.
The grout placed after the tendon is tensionedlislmonded to the tendon through curing.

Since grout has similar properties to concreteigamekak in tension, the grout is susceptible to



cracking and with any penetration of the outer duct allinwscorrosive agents to reach the
tendon.

Apart from the corrosion of the tendons, the durabilitthefducts in the post-tensioning
system is also in question. The material, placen@am function failures of the system are all
potential problems possibly leading to the corrosiotheftendon stored inside. The main issue
is one where there is a need to find a material fostitaands which reflects the strength of
conventional steel but is capable of resisting corrosion. The segasslae, which relates to the
corrosion of the tendon, is finding a duct systamatlle enough to outlast the wear of normal

use.

1.2 Research Objectives

The current project being conducted at Fergusorctiral Engineering Laboratory is 0-
4562 and was begun in 2003. The project, funded by ThesT2@artment of Transportation
and the Federal Highway Administration, focuses on develammgmethods and materials for
the construction of post-tensioned bridges. The reBeacludes new materials for the strands
as well as for the ducts. Large scale cracked teostioned concrete specimens are being tested
through a cycle of chloride exposure. Companion smak geats of strand or grout and strand
are being conducted on the proposed materialhéostrands. These small scale tests on the
tendons are active accelerated corrosion tests asty@a&®rrosion tests used to gather enough
information on the proposed materials to have a betigenstanding and predictability of the
large specimens when autopsied. These autopdidsevaonducted on the large specimens at
the end of the cycle which is between four to eight yedbsiring the autopsies, the corrosion of

the tendon will be studied as well as the durabilitthe ducts.



1.3 Corrosion on Prestressing Materials

In order to understand the development of this rekgargeneral knowledge of the
corrosion of the prestressing materials must be explored.main corrosive action is the one
with metals. Different types of corrosion occudasary in severity and the way it affects the

material.
1.3.1 Corrosion of Metal

The basic corrosion of metal is an electrochenpoatess made up of half-cell reactions.
These half-cell reactions consist of an anodicandthodic reaction. Oxidation occurs on the
anodic reaction while reduction occurs on the cathodic reactionregias where the anodic
and cathodic processes are located have differeritahemical potential leading to the type of
corrosion that will be preséft The electrochemical potential present from the reactdso
allows the monitoring of the corrosion by the use of anveler and a reference electrode when
the material is covered such as in the case of prestgetendons. This monitoring can be used

to determine the severity and rate of corrosion.
1.3.2 Passivity

Steel and all the different forms of steel, sucktagless, exhibit passivity in some
degree among active, passive, and transpassies $tabee Figure 1.1 below for the different
ranges. The state at which a metal is acting depends ontémigloof the metal which governs
the corrosion raté. Conventional steel in concrete exhibits a passtate, and a passive
protective layer is formed. Therefore, grouting thetd of a post-tensioning system helps create
this passive layét. Chlorides have been found to enter the contheteigh cracking which
then break down this protective layer causing theahte enter a transpassive state and begin to
corrode. This has been the motivation for the mebea finding a material that can withstand
chloride exposure and keep the passive protective lagger. Some materials tested, such as
the stainless steel, are developed with a natasdipe protective layer which makes it appealing

to use for corrosion resistance.
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1.3.3 Types of Corrosion

When a metal corrodes, it can undergo many typesrodsion depending on the type of
metal and its passivity capabilities, chemical exposwxmo®ure duration, exposure cycle,
temperature, and concentration of corrosive. Some of tis¢ common types of corrosion are
uniform, galvanic, crevice, pitting, and blisterthgSee Figure 1.2 below for examples of
uniform and pitting corrosion. Many times, the corrosiolh start out as uniform and build up

to create blisters, while in some instances the corrasilmtal and will result in pitting or
crevices.
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1.4 Durability of Post-tensioned Systems

The durability of the post-tensioning systems imsaor part of the success in fighting
corrosion. The problem is that the current methoddidr of areas which are susceptible to
damage and corrosion. If the duct surroundingst-fgmsioned tendon fails, then corrosives
such as chlorides may enter the duct and readetiol®on. The main component on the duct
system for resisting corrosion is the material of thet.d The most common materials used for
ducts are hot dip galvanized steel and plastic. The prolith hot dip galvanized is that the
zinc coating is a sacrificial element which meanseothe entire zinc coating has fully reacted,
the steel will begin to corrode. This is an obvious long-tewblpm. Figure 1.3 shows the
remains of a galvanized duct after eight yearshdrade solution exposure inside a post-

tensioned concrete beam.



From the above Figure, the major corrosion probleth tine hot dip galvanized duct

system can be seen. The remains of the duct provide no tprateation.

The alternative is plastic, but the problem with this matesiaften the tendons rub
against the ducts during stressing due to harping of tideng®. This causes the material to
break down and eventually fail, allowing chlorides tceentApart from the material aspects,
another issue of durability is splice details. P®ahnology of splice designs allows failure at
these points, and once again, the system is susieetatichloride exposure.

Another concern of durability is the anchorage of fretesn. The strands are tensioned
and held using a hydraulic jack. When they are cut, thedstrare resisted by a system of

wedges. Figure 1.4 shows a layout of a post-tessi@nchorage system.



Grout Inlet

Anchor Head Strands

The force pulling on the strands creates interktigfects in the strand as they bear
against the wedges creating higher stresses & lihestions’. The ends are grouted, but if
chlorides are able to penetrate, they are ablattr ¢he ducts and reach the entire tendon
through these defects. Also, the corrosion at thesetatf cross-sections increases the stress,

and ultimately, failure will occur at these points.

1.5 Materials
1.5.1 Strand Tests

The materials used for the different strand tests were rHoseptimal corrosion
resistance. Sean Mac Lean outlined the materidissilntroductiofi’. The materials to be
tested in this current program are seven-wire strandsstiogsof the following:

Conventional Strand (CN) (0.6 in)

Hot Dip Galvanized Strand (GV) (0.5 in)
Stainless Steel Strand (SS) (0.6 in)

Copper Clad Strand (CC) (0.5 in)

Stainless Clad Strand (SC) (0.6 in)
Flow-Filled Epoxy Coated Strand (EC) (0.5 in)

S T oA



The copper and steel clad strands are smaller tearskeel strands with the appropriate
cladding to make the final diameter. Tension tes&re done on the strands by Mac Lean to
determine if the alternate materials could comparaechanical properties with the
conventional strand. The results of his research cdachat the stainless steel, copper clad,
stainless clad, and hot dip galvanized did not rtfe=tequirements for Grade 270However,
the stainless clad and the hot dip galvanized didtrthe requirements of Grade #50These
results determined that to be able to utilize thesenmadd, advances in the mechanical properties

must be developed.

1.5.2 Long-Term Beam Set-up

The long-term beam research is the large scaletponstoned specimens undergoing
chloride exposure cycles. There are a total of 2dismas having variables in material of the
tendons, ducts, and bearing plates. The tendons ceasisigly of the six materials presented
above which are used in the strand tests. The doaotsst varyingly of hot dip galvanized, one-
way ribbed plastic, and two-way ribbed plastic. Sigeife 1.5 for the different types of ducts.
As can be seen, the one-way ribbed plastic dugitrigar to the hot dip galvanized duct with the
ribs acting as structural components. The two-way digdastic ducts have a rib running along
the length of the duct in addition to the transveitse This rib along the length acts as an extra
structural component and also allows the grouloww tasier along the length. The bearing
plates consist of galvanized and non-galvanized matdfiglre 1.6 shows the two types of
bearing plates. The specimens are arranged in order t@heaareety of combinations between

tendon and duct type.
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1.6 Thesis Overview: Chapter Outline

Chapter 2 explains the ongoing research of Project 0-4562 dealmtheilarge scale
post-tensioned concrete exposure beams. A backgrouhd pfdject and its conception is

explained along with the daily maintenance andrtgstone on the beam. Data from these tests
and the observations are presented.



Chapter 3 gives a description of the passive corrosion es@tssts done on individual
strand types. The tests consist of an exposeaddstest and a grouted strand test. It shows the

two different tests conducted and how they were set up.

The results of Chapter 3 are discussed in Chaptéthrdawnonthly observation of each

test and plots of corrosion over time.

Chapter 5 examines the accelerated active corrésstimg which is similar to Mac
Lean"s with the addition of pre-cracking the eleteeAn overview of the set-up and test

methods will be discussed.

Chapter 6 gives the results of the testing of Chaptertblingar polarization resistance

and potentiodynamic plots of each strand type.

Chapter 7 will discuss the trends of all the tests conducigdam up the materials and
their corrosion resistance properties. Recommendatiothe field of corrosion resistance will

be made based on the results.

Chapter 8 will have conclusions of the testing sequenceg alitin recommendations for

future research.



Chapter 2

Ongoing Research on Post-Tensioned Concrete Exposure

Beams Systems

2.1 Project Background

Project 0-4562 is a large scale assessment oft@asioned concrete exposure beams
currently being conduced at the Phil M. Ferguson Latiooy at the University of Texas at
Austin. The project is being supported by the Texas @eat of Transportation and the
Federal Highway Administration and is a continuation of Project@ ktarted by WesStand
Schokket®. The beam specimens consist of a variety of cortibimsof such aspects as tendon
type, duct type, and bearing pthtérhere are a total of twenty-four beam specimertsatha
undergo a biweekly wet and dry cycle which consists of keeping the specimet with a
chloride solution for two weeks and completely dry for theaming two weeks. Ten of the
specimens undergo a chloride solution spray exposuteecenids once a month to attack the
grouted bearing plates. At the end of four to six ydhesspecimens will be autopsied to
determine the level of corrosion to the ducts, tendons, and bedeibeg. Figure 2.1 shows a

layout of the specimens at Ferguson Laboratory.




2.2 Project Maintenance

The beam specimens must undergo daily and weekiytemgince and monitoring. The
specimens undergo a biweekly wet and dry cycle evfarthe first two weeks of the month,
they are exposed to a 3.5% by weight chloride solution wikipfaced in an embedment on top
of the specimens. Figure 2.2 shows the embedment anduipenent used to apply the
solution; this consists of a five-gallon bucket and a baalb.

Throughout the last two weeks of the month, the specimensleared of the solution
and are kept completely dry. During the wet cycle, a 3.5% loyhtvehloride spray is applied to
the grouted ends of ten of the beams to determinexpiesere properties of the grout. Figure
2.3 shows the system used to apply the spray.aAde seen, a pump is used to take water from
a holding tank and send it through a pipe system teatgprays the ends. The water is collected
by plastic troughs that take the water back tdhiblding tank. During the dry cycle, half-cell
potentials are taken to help determine the corrosate sf the tendons. The process is carried
out by following ASTM C 876 # 99:

3. This is done by hooking one side of a voltmeter fmegd

copper wires attached to the tendons inside the specimen



The other side of the voltmeter is attached to a calosfelence electrode. See Figure
2.4 for the configuration. The electrode is placed otamepoints along the embedment of the

specimen, and a potential reading is obtained.




To help get a uniform reading, an electrical consatution is used which consists of
liquid household detergent mixed with water and appligd &vsponge against which the
electrode is placed. The potential readings are taken on a grglthk specimen embedment.
The maximum value of potential of each specimen is usphbtotential versus time to follow
the corrosive activity. Also, the grid of potential readings cansleel to show contour schemes
along the length of the embedment.

Other miscellaneous maintenance is done to the Ispacimens. Initially, the specimen
was cracked on top under service loads to allow theidelgolution to enter more easily. These
cracks propagated along the sides of the specithergfore needing to be plugged. Caulk is
used to plug these cracks, so water will not be able to leadf the sides. Over time, the caulk
deteriorates and must be scraped off and reapplied. Theuszd is a 100% Silicone Sealant
by GE. Figure 2.5 shows the caulked areas along witlypreeaf caulk used.




2.3 Project Data

The data gathered from the collection of half-cell potentials is plottEgyure 2.6 with

potential versus time.
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The initial readings began in March 2006 and continitle present data. The legend of the
plot consists of the beam number, the duct type, antit®n type. The tendon types are
abbreviated using those of Section 1.5.1. The typets are abbreviated using the following:



1) P1# One-way plastic ribbed
2) P2 # Two-way plastic ribbed
3) GV # Hot dip galvanized
4) FE # Fully encapsulated

On the plot in Figure 2.6, two black lines appear. These repiresendaries of predicted
corrosion activity. Any potential below the bottom black line which cormedpto 123 m¥ce
represents a value that is predicted to have a lesd @arprobability of corrosion activity. Any
potential above the top black line which corresponds to 27garepresents a value predicted
to have a greater than 90% probability of corrosion agtiviny value falling in between the
two black lines represents a value that is uncertain ofsiorr@ctivity. Table 2.1 summarizes
the values according to ASTM C 876 1899

Eeorr (MV, CSEI) Eose (HV SCEE) Probability of Corrosion

More positive than -200  More positive than -123  Higher than 90% that no
COITOSION 1S OCCUITING
Between -200 and -350  Between -123 and -273 Corrosion 1s uncertain

More negative than -350 More negative than -273  Higher than 90% that
COITOSION 1S OCCUITING
! Potential is given in terms of the Copper-copper sulfate reference electrode
? Potential is given in terms of the Saturated Calomel reference electrode

The data gathered from the ten beams sprayed with chloridesadn the grouted ends
described in Section 2.2 will be gathered during titezsy of the beam specimens. The data
expected to be gathered is on the durability of the end bgaetes and the grouted cover.

The four beam specimens with fully encapsulated ducts havegathiared on the AC
Impedance during the dry cycle. The data collected censist resistance, a parallel
capacitance, and a quality factor. All of these measurements are takizacqtency of one kHz

and are used to calculate the impedance. The mmgeds a way of predicting corrosion



because it changes as a function of corrosion. efjlagpment used to gather the data is a
LCR/ESR meter made by BK Precision and provided By VThe equipment can be seen in
Figure 2.7. The equipment attaches to a coil tendamavid a copper reinforcing bar wire of the
specimen.

2.4 Observations

The plot of the half-cell potentials versus timeridun Figure 2.6 yields information on the
corrosive nature of the materials present. Noneeob#am specimens ever have a less than 10%
chance of having corrosion except from the first reqpdiBome of the beam specimens follow
the less than 10% probability line closely while otreetseed the greater than 90% probability
line. Tables 2.2 and 2.3 below summarize the figsli



[}

Beam ' | Duct Type| Tendon Type

1)| 5.3 P2 SS

2) 5.2 P2 SC

3| 71 FE CN

4)| 4.2 P1 SS

5) 2.4 P1 CcC

6)| 3.3 P2 CcC

)| 3.2 P2 GV

8) 3.4 P1 GV

9)| 31 P2 CN
Beam ' | Duct Type| Tendon Typ

1) 7.3 FE GV

2) 2.2 GV GV

3y T1 GV CN

4) 14 GV CN

5) 1.2 GV CcC

6)| 1.1 GV CN

The numbering sequence for the least corroded start \viteidg the least corroded and the

numbering sequence for the worst corroded start Wjitheing the most corroded. The order of

the least and worst corroded specimens was chosen by fajjdlae specimen half-cell readings



over time and determining which values represent thesstditthe specimen best instead of
looking at just the final half-cell values. There idedinite trend in the data that follows
expected results. Looking at the least corrodedisns, the duct types that yield the best
results are all plastic with the exception of one fullyagrstilated. This strengthens the notion
that plastic ducts, especially two-way ribbed, parf better in protecting the tendon while
galvanized ducts perform poorly, deteriorating oveetimlso on the least corroded specimens,
there is no one strand type that stands out ase$ie There is an even distribution of all the
strand types used. The observation made of thiglalition is that the two least corroded
tendons are some form of stainless steel, the least baintgss steel and the second least being
stainless clad. The last two on the least corrddedonsist of hot dip galvanized and
conventional strand sequentially. This observation leads into the worstied of the

specimens found in Table 2.3.

When comparing the worst corroded specimens, thermomnduct type is hot dip galvanized
with the exception of one which is fully encapsulated. Tiily £ncapsulated duct also happens
to be the highest half-cell reading specimen which cbaleé stemmed from a flaw in
construction. Another reason why the fully encapt®ad specimen has the highest half-cell
reading could be the corrosion of a stirrup or pttmmponent of reinforcement near the area
where the half-cell readings are taken. Lookinthatremaining hot dip galvanized ducts
confirms the notion that this material is worse androdes faster than plastic duct. When
comparing strand types found in the worst corrogestisnens, the most common is
conventional, followed by hot dip galvanized. One specimen of copper claddsfpund

which does not fit the trend.

Overall, the trend of the specimens tends to shotthieavorst systems on a durability
standpoint tend to have ducts made of hot dip galedrand strands made of conventional steel.
These trends match the hypotheses made and areialfswced with visual observations. On
the specimens containing hot dip galvanized ducts, rust spots appkartop tf the specimen
in the embedment along the cracks. These spatstiappear on the specimens containing

plastic ducts. See the Figures below which show tstespots on the designated specimens.



Duct Type: Galvanized Duct Type: Galvadize

Strand Type: Copper Clad Strand Tyje: Dip Galvanized

Duct Type: Galvanized Duct Type: Galvanized

Strand Type: Stainless Steel Strand TypevEational

As can be seen, rust has formed on the top of the bea@mspes probably due to the
corrosion of the hot dip galvanized duct. A compilation of the beams withgbeofyduct and
strands is found below. One observation is the t@anis with the worst appearance of rust
contained strands made of hot dip galvanized and conventiongB#eens 2.2 and 1.4
respectively). The beams with lesser amounts of ruseagpes are beams containing strands of

copper clad and stainless steel (Beams 1.2 and 4.1 respgctiMeese lead to the conclusion



that beyond the corrosion of the galvanized dwhesof the strands may be corroded as well

which follow the hypotheses made. This hypotheses ishbatainless steel and copper clad

strands perform better in resisting corrosion thardipgalvanized and certainly conventional

steel. Further testing of the strands will shoevghme trends in strand resistance to corrosion.

D

Beam ' | Duct Type| Strand Typ
1) 1.2 GV CC
2)| 2.2 GV GV
3)| 4.1 GV SS
4) 1.4 GV CN

One outlier was present among the beam specimemsial corrosion spots were

present on the embedment of a specimen containiwg-avaly ribbed plastic duct and

conventional strand. This was the only specimen with&iplduct to exhibit any type of

corrosion on the surface. The specimen is Bearargllcan be seen in Figure 2.10. There are

many possibilities as to the origin of these rpsits. The spots are positioned over each of the

ducts and one of the cracks. A reasonable possibility for the spotsbeothid corrosion of the

stirrups or wire ties located near this region.



Duct Type: Two-Way Ribbed Plastic

Strand Type: Conventional




Chapter 3

Passive Corrosion Exposure Testing

3.1 Overview

Along with the development of the large scale beam speciradasttfor corrosion, a
need to know the corrosive properties of the strand typesisisecessary. There are several
tests that can be performed to determine theseefrep, and this chapter explains the tests
known as passive corrosion exposure testing. Thepeassive, when referring to
electrochemical testing, refers to the type of itresthich electrical impulses are recorded instead
of applied. There are two types of passive testslacted. The first test involves the bare
strands undergoing a wet and dry cycle while they are exposed toideklution. The
strands are not encased in anything but left feiyosed to the solution. The second test
involves the casting of the strands in a groutetheement with a lead wire attached and then
immersed in a chloride solution. The goal of this tegi iakke potential and current readings
through a series between the lead wire and a referencedkcffhe data will then be compared

over time to track the corrosion rate of each strigpe.
3.2 Exposed Strand Test

The exposed strand test will allow the trackingafrosion over several months. At the
end, a weight loss will be calculated for each strand wihiltitorrelate to a relative corrosion

rate among the different strand types.
3.2.1 Test Description

The exposed strand test involves taking each afithgypes of tendons described in
Section 1.5.1 and exposing them to a wet and dry cycle of anis¥ide solution by weight.
Three strands of each type are being tested making at@&@hteen specimens. The strands

are placed in a plastic pipe that is sealed except feshahich allow the atmosphere to enter.



Also, the holes are used to fill and drain the solu The ends of the strands are ground down
and smoothed using a table grinder, and then the strantaBy weighed. Then the ends are
covered with epoxy to shield the defects from sohlutiThe strands are weighed a second time.
At the end of testing, a final weight with the epaxyl be recorded. A weight loss will be
calculated and correlated to produce a relativeos@n rate among the strand types.

The beginning of the cycles is the wet cycle whagts for a week at which time the
solution is drained, and the strands begin the dry cyidis dry cycle lasts for three weeks, and
at the end, the strands are removed from the pipadpection. Each strand is designated by a
numerical value which follows a corrosive rating syst Table 3.1 is the rating system used.
Note that half integers may be used if the corrosion kalslbetween two descriptions. Testing

should last approximately six months.

Rating Description
1 As recetved from manufacturer and completely clean from any corrosion
products
, No signs of corrosion at any level, or there might be small spots of rust
- material present
3 Small blisters, superficial but widely spread corrosion, pitting 15 unusual
4 Small blisters, uniform corrosion or mutial signs of wide pitting in

centralized areas

Large blisters, trail of blisters does not exceed 2-1n (51-mm ), deep and wide
5 pitting 1s visible, corrosion products and pitting does not affect more than

50% of steel area
Large blisters, trail of blisters along the strand exceeds 2-mn (51-mm.), deep
6 and wide pitting cover most of the strand surface, corrosion products and
pitting affect over 50% of the steel surface, and several forms of corrosion

are present simultaneously

7 High levels of corrosion with visible large areas of steel lost

3.2.2 Test Setup

The test setup began with the strands being cetigthh using a chop saw, then grinding

the ends using a table grinder. The strands were cleawetiid and defects, had the ends



covered with epoxy, and placed in a pipe that iesed off. The equipment used to cut and
grind the strands is shown in Figure 3.1.

Figure 3.2 shows all the strand types along withground ends. The specimens in
Figure 3.2 are identified from left to right asistass steel, hot dip galvanized, copper clad,
stainless clad, flow-filled epoxy, and conventiosiael. Notice the ends are ground down to

round the cut edge.
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No
Copper Clad
(Nominal Area) 0.5 0.144 25.9 No No
Copper Clad
(Steel Area) 0.438 0.108 25.9 No No
Stainless Clad
(Nominal Area) 0.6 0.217 57.5 Yes No
Stainless Clad
(Steel Area) 0.5 0.153 57.5 Yes Yes
Stainless Steel 0.6 0.217 48.9 No No

From Table 7.5, it is clear that the conventional and ypoated strands meet both
requirements for ultimate strengths while the comteal and the stainless steel strands do not
meet either of the requirements. The hot dip gazahstrands meet the Grade 250 requirement
but not the Grade 270 requirement. This leavesttialess clad strand that meets both
requirements when the stainless cladding is not considertedoes not meet the Grade 270
requirement when the cladding is considered. Since didests clad is a structural metal, it will
be considered in the final area making the stainless ckatstonly meet the Grade 250

requirement.

A ranking system of the strands was done for each test segbased on corrosion
resistance properties. Table 7.6 outlines these rankingsviaving the best corrosion
resistance properties and 6 having the worst. N@iieepoxy coated strands were not used in the
large scale exposure beams and will not be included irathéng. Also note that the epoxy
coated strands were excluded from the grouted stranbdgestise of the knowledge that they
would outperform the other types.
























