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FOREWORD

Economic considerations have historically precluded consideration and widespread use of:high-
performance (corrosion-resistant) reinforcements such as stainless steels in bridge construction.
However, with the advent of life-cycle cost analysis as a project planning tool and of a
requirement that major bridge structures have a 75-100 year design life, the competitiveness of

such steels has increased such that enhanced attention has now focused in recent years upon
these matenals.

This investigation was a component of the Innovative Bridge Research and Construction (IBRC)
Program that was authorized by Congress in the Transportation Equity Act for the 21st Century
(TEA-21) legislation. The project objective was to evaluate and provide a historical record of
approved State bridge construction projects throughout the United States that employed
corrosion-resistant reinforcement. The study involved site visits, documentation of attributes and
any problems associated with the various reinforcement types, and acquisition and testing of
reinforcement samples.
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BACKGROUND AND INTRODUCTION

For a Nation to be productive, its transportation system must be efficient and reliable. While
deterioration of highway structures over time is a normal and expected occurrence, the rate at
which this has occurred for bridges in the United States, since the advent in the 1960s of a clear-
roads policy and the use of roadway deicing salts in northern locations, has been severe and
posed significant challenges, both economically and technically. Also important is the
accelerated deterioration of bridges that has occurred in coastal locations, both northern and
southern, as a consequence of exposure to sea water (chlorides) and sea spray. In both cases
(deicing salts and marine exposure), the deterioration is a consequence of the aggressive nature
of chlorides in combination with moisture and oxygen."”’ More than half of the total bridge
inventory in the United States 1s of the reinforced concrete type, and these structures have proved
to be particularly susceptible. A recent study has indicated that the annual direct cost of corrosion
to bridges is $5.9 to $9.7 billion. If indirect factors are included also, this cost can be as much as
10 times higher.®”

In response to this problem, research studies that focused upon the utility of epoxy-coated
reinforcing steel (ECR) were initiated. In the early 1970s, ECR was qualified as an alternative to
black bar.” Consequently, for the past 30 years, ECR has been specified by State Departments
of Transportation (DOTs) for major decks and substructures exposed to chlorides. At the same
time, ECR was augmented by use of low water-to-cement ratio (w/c) concrete, possibly with
pozzolans or corrosion inhibitors (or both), and covers of 65 mm or more.

However, in Florida coastal waters, ECR has proven ineffective"'? because of the combined
effects of higher average temperature and more prolonged moist exposure. Several
comprehensive research studies, including evaluations on actual bridges, were conducted that
further investigated, first, the suitability of epoxy coatings for reinforcement corrosion control
and, second, in-service ECR performance.’'™ These studies generally found that time-to-
corrosion initiation for ECR and black bar are approximately the same but that the propagation
period for ECR to cause concrete surface cracking can range from about the same as for black
bar, as noted for Florida bridge substructures, to decades in northern bridge decks. Thus, while
ECR performance in the latter type application has been generally good to date and results from
long-term testing programs indicate that two mats of ECR in bridge decks should provide a 75—
100-year service life with minimal maintenance as presently specified for major bridge
structures, still this is not known with certainty. In response to this, interest has focused during
the past decade upon alternatives that afford more corrosion resistance than ECR—stainless
steels in particular. Such corrosion-resistant steels become particularly competitive on a life-
cycle cost basis, since the higher initial expense of the steel may be recovered over the life of the
structure via reduced repairs and rehabilitations.

The Innovative Bridge Research and Construction Program (IBRC)' was authorized by Congress
in the Transportation Equity Act for the 21st Century (TEA-21) legislation initially as a 6-year
effort (fiscal year (FY) 1998-2003) but was subsequently extended through May 2005. The

! Statutory references: 23 U.S.C. 503(b)(3)(A)(ii) & 503 (b)(3)(B); TEA-21 Section 5103.




program objective was to provide resources whereby States could demonstrate the utility of
innovative materials and technology in construction of bridge and highway structures. The
majority of the funding ($142 million) was for actual repair, rehabilitation, and replacement of
existing structures and for new construction with a lesser amount ($4 million) for research, both
based upon innovative materials. Corrosion-resistant reinforcements constitute one component of
the program. :




PROJECT OBJECTIVES

As part of IBRC, a three-year study was performed by Florida Atlantic University (FAU) and the
Florida Department of Transportation (FDOT) to document the projects that employed
corrosion-resistant reinforcements and to provide an evaluation of their use. Specific project
objectives were as listed below:

L Provide a summary of the different alternative reinforcement products that have become
available and which are being used in bridge construction.

II. Provide a summary of representative IBRC projects that have employed corrosion-
resistant reinforcements.

IOI.  Acquire samples of the alternative reinforcement employed in IBRC projects from the
different job sites and characterize these in terms of mechanical properties, uniformity,
conformance to specification (where applicable), and performance in accelerated
corrosion tests.

IV.  Establish a repository for the acquired reinforcement samples and preserve these as an
archival record and reference for historical documentation purposes.







IBRC PROJECTS INVOLVING CORROSION-RESISTANT REINFORCEMENT

GENERAL

Task I was accomplished in conjunction with a companion research project and resulted in
Federal Highway Administration (FHWA) publication.!® Table 1 lists information that was
made available to the project team regarding approved State IBRC projects involving innovative
reinforcement (Task II). This shows that 27 State projects were approved; and of these, 20 were
either completed as planned or with an alternate innovative reinforcement. These completed
projects include seven different types of innovative reinforcements, as listed in table 2. A dual
listing is given for clad stainless steel since two very different production methods are involved.
Likewise, table 3 lists the number of projects, both as-planned and as-completed, that employed
each specific reinforcement type. Those involving ECR and black bar reflect instances where the
supplier was unable to meet schedule in providing the specified innovative reinforcement, and so
these were used as the fallbacks. Delivery was particularly a problem in the case of stainless clad
reinforcement: one producer (Stelax, Inc., steel designated below as “Source 1””) went into
receivership during the project time frame; the other (CMC Steel Group, designated as “Source
2”) experienced unexpected technical production difficulties. This was disappointing since
stainless clad rebar has the potential of providing excellent corrosion resistance at relatively low
unit cost. These two companies are addressing their respective difficulties, and one is now
producing again and the second hopes to be in production in 2007. In many of the instances
where a specified alternative reinforcement could not be delivered on schedule, MMFX-II served
as the replacement. This reinforcement was consistently delivered in a timely manner even
though the lead time was sometimes short.

Figure 1 shows the number of projects in each of the table 1 footnote classes. This indicates that
the project team visited five of the projects (Note 1 designation) and in each case, acquired
samples of the innovative reinforcement. For two additional projects (FHWA Project Numbers
MO-00-01 and SC-00-01), one of which was completed prior to the present study, sufficient
information was provided by the respective State DOT personnel that a report was prepared.
Each of these seven reports is included below as appendixes A—G. In instances where samples of
the innovative reinforcement were acquired from a job site, composition and mechanical
properties were determined; and in some cases accelerated corrosion tests were performed.

? Galvanized steel reinforcement does not strictly qualify as innovative in that it has been available for many years
and has been employed on a limited basis in past bridge construction.
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Table 1. Listing of approved IBRC projects involving innovative reinforcing steel.

FHWA Reinforcement . Project

Project DOT Structure No. Road DOT Contact . Reinforcement Used Comments
Number Specified Type
DE-00-01 1-119 SR 82 Keith Gray SS Clad MMEFX-IT Rehab Note 1
FL-00-01 150048 SR 679 William Domico Clad 316 SS Solid Type 2205 SS | Repl Note 2

890146 Jensen Beach s . MMFX-1I MMEFX-II

FL-01-01 890145 Causeway William Nickas Solid Type 2201 SS | Solid Type 220188 | R°P! Note 1
GA-02-01 123-00282D-004.00E SR 282 Paul Liles SS Clad Black Bar Repl Note 3
ID-02-01 18710 Westmond Br, U.S. 95 Luis Zarate Clad 316 SS MMEX-II Repl Note 4
ID-02-02 12871 SH21. Ken Classen MMEX-II MMEX-II Repl Note 5
1L-98-07 011-6011 N 18™ St Bridge Roy Baranzelli - Galvanized New Note 5
N-00-01 | 16 '267J205 A& 1-65 Tommy Nantung SS Clad ECR Rehab | Note5
IA-01-01 new Hwy 520 Norm McDonald MMFX-II MMEX-II New Note 4
KY-01-02 105-1218-C0034 CR1218 Galloway Rd Steve Goodpaster MMEX-1II MMFX-II Repl Note 5
MI-01-02 33133045000R123 EBD I-496 Dave Juntunen SS Clad Solid SS Repl Note 4
MN-00-02 27168 T.H. 100 under Erik Wolhowe SS Clad — New Note 6
MO-00-01 A6059 Rte 6 Ray Purvis Solid 316LN SS Solid 316LN SS Repl Note 7

- MO-02-02 | A6369 " Rte'136 Ray Purvis MMFEX-1T ECR Repl ‘Note 3 -
MO-01-02 A6098 Rte 86 Ray Purvis SS Clad ECR Repl Note 3
MT-01-01 | P00001180+0399-1 US.2 Mool o Solid Type 316 02205 | Solid Type 316LN S | Repl Note 1
NC-02-02 SR1178 over I-95 Roger Roschell MMFX-II MMFX-1I Deck Note 4
ND-00-01 94-290.803 1-94 Clayton Schumaker SS Clad SS Clad New Note 5
NE-01-02 SLB00317 Skyline Drive Gale Barnhill SS Clad ECR New Note 3
NH-02-01 003501370012300 1-93 Mark Whittemore MMFX-II MMEFEX-1I Rehab Note 5
1-293 WB ECR (EB) Galvanized
NH-02-03 over Frontage Rd. Paul Nadeau Clad 3161 55 (WB) | Repi Note 1
1-293 WB Type 316L or 316LN | ECR (EB) Galvanized
016101850007700
over Brown Ave. SS (WB)




Table 1. Listing of approved IBRC projects involving innovative reinforcing steel—Continued

FHWA

Project DOT Structure No. Road DOT Contact Remfor.c ement Reinforcement Used Project Comments
Specified Type
Number
NJ-02-01 1604-161 Rie 23 NB
NJ-02-01 1604-162 Rtc 23 NB ramp | 11\4;\’1(1;?11 3““
NJ-02-01 1604-163 Rte 23 SB ramp B 1‘31‘}';‘)‘0‘% ‘i.se ‘g’l"g
NJ-02-01 1604-164 Rie 23 SB ; « . tainlesse: tlelé%théfll
NJ-02-01 1606-175 Rte 46 WB, ramp G Harry Capers MMFX-II . Repl Note 3
specified but reverted
NJ-02-01 1609-153 1-80 ramp B to ECR when clad
NJ-02-01 1606-176 Rie 46 EB, ramp D & E could not be
NJ-02-01 1606-177 Rte 46 WB, ramp I delivered.
NJ-02-01 1604-411 West Belt Bridge
OK-01-01 14514 1-35 John Leonard $S Clad MMFX-II New Note 1
Jay Gilbreath ~
PR-02 0000002061 PR-102 Javier E. Ramos MMFX-1I MMFX-II New Note 8
SC-00-01 264007300200 Rte SC73 Randy Cannon Clad (Source 2), 2205 SS, and MMFX-II Repl Note 4
SD-01-01 07-112-326 U.S. 281 Dan Johnston MMF);& g‘gn Clad Type2205SS | Repl Note 4
SD-02-01 50178191 Russell Avenue Dan Johnston MMEXLL g‘gn Clad Type 22058S | Repl Note 4
SD-02-01 51180180 Maple Avenue Dan Johnston MMF};I é tggn Clad Type 2205 SS Repl Note 4
SD-02-01 | 50181180+50179191 1-29 Dan Johnston MMFX-IT ECR | Repl Note 3
TX-02 — Washington Street | MMFX-II — Deck —
under I-40
UT-01-01 2D653 EB SR-79 — SS Clad ECR Note 3
VA-98-01 new WBL Rte 460 Steve Sharp SS Clad SS Clad (Source 1) | New Note 7
Route 123 brid To be
VA-01-01 6200 & 6202 W £e Steve Sharp SS Clad MMFX-II Repl placed in
over Occoquan 06
VT-02-01 200034006410072 VT 105 David Scott MMFX-1I MMFX-II New Note 5




Table 1. Listing of approved IBRC projects involving innovative reinforcing steel—Continued

FHWA Reinforcement Project

Project DOT Structure No. Road DOT Contact ¢ . Reinforcement Used roJeCt | Comments
Number Specified Type

Wi-00-02 B-56-153 US 12 Gerry Anderson SS Clad ECR New Note 5
WV-02-01 000011A074 Truss '10179?;3]5 CR Terry Bailey SS Clad Black Bar Repl Note 3

Note 1: Project visited and inspected. Samples acquired and report issued.

Note 2: Project completed prior to the present study. No report issued but samples available.

Note 3: Project modified. Innovative reinforcement not used.
Note 4: Project not visited or inspected. No samples available.
Note 5: Project completed prior to the present study. No report or material available.

“Note 6: Funds diverted to another project that did not invotve inmovative reinforcement. ————————-—---
Note 7: Project completed prior to the present study. Report issued. No material available.
Note 8: Project not visited. Samples acquired.




Table 2. Listing of innovative reinforcements emplbyed in IBRC projects.

Designation ‘ Common Name
e ; Clad 316 SS (1)
— . Clad 316 SS (2)
‘ ASTM A615, Grade 75 MMFX-II
: ASTM A955-98 SS Type 2201LDX
UNS-531603 SS Type 316LN
UNS 31803 SS Type 2205
— Galvanized Steel

Table 3. Number of projects ihvolving various
innovative reinforcement types.

Planned Constructed
Solid SS 4 9
Clad SS 18 3
MMFX-II 24 13
Galvanized Steel 0 3
ECR — 5
‘ Black Bar — 2

Note Number (see table 1)

Figure 1. Distribution of information acquisition and analysis for the IBRC projects.
RESULTS AND DISCUSSION

Hallmark Projects

Two of the projects for which reports were written (MT-01-01 and SC-00-01) merit special
comment because of their unique nature. The first involved a replacement bridge across the




Middle Fork of the Flathead River on U.S. 2 in Flathead County, MT. Permitting and closure for
repair issues are such that it was desirable to have this bridge in uninterrupted service for as long
as possible. With regard to permitting, one end of the bridge terminates on land owned by
Glacier National Park and the other on land administered by Flathead National Forest. At the
same time, the Flathead River is under jurisdiction of the United States Fish and Wildlife Service
and contains several threatened or endangered species. Permitting for this project was
complicated because these entities, as well as the U.S. Army Corps of Engineers and various
State agencies, were also involved. Consequently, it was reasoned by the Montana Department of
Transportation that any future repairs, rehabilitations, or replacement would be complex and
difficult. In addition, because of the rural setting and mountainous surroundings, closure of this
bridge results in a 480-kilometer (km) (300-mile (mi)) detour for motor traffic. For these reasons,
the added initial cost of corrosion-resistant reinforcement was particularly justified.

An additional, particularly noteworthy issue arose in conjunction with project MT-00-01. The
specification called for either Type 2205 or 316LN stainless as the reinforcement. It was
assumed that the latter would be delivered because it generally is less expensive; however, the
bridge engineer subsequently identified the bars as Type 2205 stainless steel. While both
materials met specification and were acceptable, this situation points out a potential problem in
that different stainless grades are generally not visually distinguishable. Consequently, where
stainless reinforcement is employed, an independent determination should be made to confirm
that the delivered product conforms to what was specified.

The second project, SC-00-01, was particularly noteworthy because it incorporated five different
reinforcement scenarios, (1) black bar with discrete Galvashield XP™ embedded galvanic
anodes, (2) black bar without anodes, (3) Type 2205 stainless steel, (4) Type 316 clad black bar
(Source 2), and (5) MMFX-II. Individual spans were constructed using one of these five
alternatives. It was initially intended that the black bar without anodes span would use 316 clad
stainless steel from Source 1; however, the delivery delays discussed above precluded this. As
constructed, this bridge affords an excellent opportunity for s1de-by-51de comparison of a variety
of reinforcing steel corrosion control alternatives.

A number of other projects also provide the opportunity for future side-by-side comparisons but
in these cases between the corrosion-resistant reinforcement and ECR. Thus, in instances of a
divided highway, one bridge commonly used ECR and the second, an innovative reinforcement.

Compositional Analyses of Innovative Reinforcements from Job Sites

Chemical analysis was performed on samples of bars from six job sites, as reported in table 4.
The results indicate that composition for all MMFX-II bars is within the specified range for that
material. For the Source 2 cladding (SC-00-01), carbon concentration exceeds the upper limit for
some 316 grades and is at the upper limit for others. Bars of this composition should not be
welded unless special precautions are taken. The MT-01-01 bars are within the specified
composition range for 2205 stainless.
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Table 4. Chemical composition for corrosion-resistant rebar samples.

Project Reinforcement Composition, weight percent
Number Type C Mn P S | Si Cr Ni Mo | Cu N Fe
MT-01-01 Type 2205 0.03 | 1.79 | 0.029 | 0.001 | 0.32 | 22.46 | 5.09 | 3.16 | 0.24 | 0.17 | Bal.
' PA* MMFX-II 0.07 {145]0.011 10014 | 022 | 9.19 | 0.12 }0.01 | 0.09 | — | Bal.
PR-02 MMFX-I1 0.09 {1.20]0.012 1 0.006 | 0.24 | 921 | 0.16 | 0.02]0.08 | — | Bal.
OK-01-01 MMEX-IT 0.08 | 0.57 | 0.015 ] 0.020 | 0.11 | 847 | 0.14 | 0.01 | 0.15 | — | Bal.
DE-00-01 MMFX-II 0.11 | 1.09 [ 0.011 [ 0.008 | 0.18 | 9.35 | 0.13 [ 0.01 [ 0.13 | — | Bal
SC-00-01 Clad (Source 2) | 0.08 | 1.44 | 0.001 | 0.001 | 0.47 | 16.18 | 10.34 | 2.51 | 0.21 | — | Bal.
* Not an IBRC project.

Mechanical Properties of Innovative Reinforcement Samples from Job Sites

Mechanical properties of samples of the same six corrosion-resistant reinforcements that were
chemically analyzed (table 4) were determined, and the results are listed in table 5. All bars were
#5 and qualified as Grade 60, although the MMFX-II is of considerably higher strength than is
normally experienced here. All bars met their applicable standard specification, where one exists.

Table 5. Listing of mechanical properties for job site acquired bars.'

: Yield Tensile Weight, Ib/foot Deform.
Project Reinforcement - | Point, Strength, ; Cold Height,
Number Type ksi ksi Elong., % | Theor. Actual Bend++ in.

MT-01-01 Type 2205 98 115 24 1.043 1.070 OK @ 180 0.043
PA* MMFX-II 145 162 6 1.043 1.003 +++ 0.031
PR-02 MMFX-II 140 158 10 1.043 1.018 ++- 0.037
OK-01-01 MMFX-II Hokok 159 9 1.043 1.004 OK @ 180 0.036
DE-00-01 MMFX-II Hokok 173 5+ 1.043 1.047 OK @ 180 0.035
SC-00-01** | Clad (Source 2) 72 105 15 1.043 1.059 OK @ 180 0.033

ksi = 1000 pounds per square inch

* Not an IBRC project

&k

LTS

++
e+

Corrosion Testing of Job Site Bars

Material tested was stainless clad black bar from source 2.
No yield point identified.
+ Did not break in gage area.
Pin diameter 2.19 in.
Insufficient length to test.

Type 2201 stainless samples acquired from the job site of Project FL-01-01 and clad bar samples
(Source 2), which were from the same production run as those used in Project SC-00-01, were
subjected to corrosion testing in conjunction with a companion research project.*> Several
different surface preparations (as-received (rolled), carbon steel shot blasted, silica sand blasted,
and stainless steel shot blasted) were used for the former alloy (2201) as a part of an FDOT
program to identify the most appropriate condition. Based upon that program, silica sand blasted
2201 was qualified for the project. Accelerated corrosion testing of MMFX-II bars from three
job sites (PR-02, OK-01-01, and DE-00-01) as well as the Type 2205 bars from MT-01-01 were

also tested.
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The accelerated test procedure was modeled after that from an earlier program® and involved
exposure of triplicate specimens to repetitive cycles of 1.75 hours wet and 4.25 hours dry, for a
total of 84 days. The test solution was 0.3N KOH-0.05N NaOH (pH ~ 13.40) simulated pore
water with 3.00, 9.00, and 15.00 weight percent NaCl (1.82, 5.46, and 9.10 weight percent CI)
for each of three successive 28-day periods. Polarization resistance (inversely proportional to
corrosion rate) measurements were made periodically during the exposures using a Gamry
CMS100 potentiostat with a scan rate of 0.333 millivolts per second (mV/sec) and polarizations
of +/-0.020 V referenced to the free corrosion potential. Prior to scanning, potential was
monitored for 300 seconds or to a time lapse until any variations were less than 0.1 mV/sec.

Figure 2 shows a plot of polarization resistance (Rp) as a function of exposure time for the
various Type 2201 stainless specimens along with data for black bar and Type 316 stainless for
comparison. Specimens labeled according to the four surface conditions were provided directly
by FDOT (see Appendix C1), whereas the specimens designated “Jensen Beach™ (these were
silica sand blasted) were acquired directly from the job site, where they had been stored
uncovered about one kilometer inland for approximately six weeks. The data show that Rp for
the Type 2201 specimens occupy a band about 1-2 orders of magnitude above that for black bar
and 1-2 orders of magnitude below the Type 316. Scatter of Rp for the different categories of
Type 2201 specimens is about one order of magnitude, with the silica sand and stainless steel
blasted materials occupying the upper range. Also, there is a tendency beyond about 50 days for
Rp to decrease with time (increasing corrosion rate).
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(:’S) oo c o A o o =5 3.0
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Exposure Time, days

Figure 2. Accelerated testing data for Type 2201 stainless steel specimens.

Figure 3 shows a plot of Rp for MMFX-II specimens from three of the job sites compared to data
for straight and bent bar specimens of this same steel (labeled “Lab”) that were provided directly
to the project by MMFX Steel Corporation of America. Specimens designated MMFX (DE),
MMFX (OK), and MMFX (PR) are from project numbers DE-01-01, OK-01-01, and PR-02,
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respectively (see table 1). The results indicate general cdnsistency between the different job site
and lab MMFX-II specimens with Rp for these being 5-10 times greater than for black bar.

"+ Lab MMFX (Straight) Run 1
LOOE+07 ¢ = A X Lab MMFX (Straight) Run 2
A A8 A — A & X LabMMFX(Straight) Run 3
| # LabMMFX (Bent)Run ]
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g 1 W MMFX (DE)
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é’? A 316
g 1.00E+04
1 U =
E =]
8 =
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E 3 4
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12
o
1.00E+02 L ' , : s | , . 0

Exposure Time, days

Figure 3. Accelerated testing data for MMFX-II steel specimens.

Figure 4 shows Rp versus time data for specimens prepared from project number MT-01-01 job
site bars (Type 2205) and clad bars from the same heat as project number SC-00-01 (not actually
from the job site). Data for the Type 316 and Type 2205 stainless that was provided directly to
the project by a supplier are shown for comparison. Polarization resistance for the SC-00-01 clad
bars varies from the lower range to an order of magnitude below that for the solid 316 (higher
corrosion rate for the former). Results for the MT-01-01 specimens fall 3—10 times below those
for the laboratory Type 2205 specimens. Thus, while data for laboratory received and job site
MMEFX-II bars are comparable, corrosion rate for the more corrosion-resistant job site bars was
higher than for the laboratory received counterpart. These differences are being evaluated in
conjunction with the companion activity.!”

Conformance of Innovative Reinforcement to Specification

Mechanical properties of specimens prepared from the corrosion-resistant reinforcement samples
that were acquired from job sites (table 5) were compared with those listed in the relevant
specifications (reference 17 for Type 2205 stainless steel, reference 18 for MMFX-II,” and
reference 19 for clad stainless steel). All properties of the stainlesses, both solid and clad,
conformed to the applicable specification (ASTM A 955/A 955M-06a""® and AASHTO
Designation MP 13M/MP 13-04,"” respectively). The same applies to MMFX-II (ASTM A 1035/
A 1035M-05"®) with the exception of elongation, where 6 percent was measured for project
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Figure 4. Accelerated testing data for stainless steel job site bars.

PA (not an IBRC project) bars (see tables 4 and 5) and 5+ percent for SC-00-01 but with the
specification value being 7 percent. It should be pointed out, however, that the ASTM
specification pertaining to MMFX-II was only issued in 2004,;a.nd the bars in question were
produced prior to that date.

Reinforcement Costs

Economics are an important component of any construction materials evaluation. For the reason
of evaluating this within the context of the present study, reinforcement costs were acquired for
projects for which reports were issued and are presented in figure 5. This shows that the average
cost for the 316 and 2205 stainlesses was $5.34/kilogram (kg) and for the MMFX-II $1.46/kg.
These values may be misleading, however, for the following reasons:

1. Reinforcement costs can be expected to decline if the materials become more
common. ‘

2. For some unknown reason, the cost for MMFX-II employed in conjunction with
project FL-01-01 is unrealistically low (less than for black bar). On the other hand,
the MMFX-II™ for DE-00-01 and OK-01-01 was provided on short notice because
the originally specified clad bar could not be dehvered in a timely manner. This
could have elevated the cost.

SRSl s s e e s e
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The listed unit cost is not necessarily the lowest that was available, as material costs
were often lumped into the contractor’s bid. In the case of project MT-01-01, the bid
unit costs ranged from $4.10 to $5.27/kg. Apparently, by going with the lowest
overall contractor bid, a premium was paid for the reinforcing steel.

Cost, $/kg
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Figure 5. Cost comparison of the various reinforcements.
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CONCLUSIONS

The various IBRC projects demonstrated that, in most situations and subject to availability,
corrosion-resistant reinforcing steel can be incorporated into bridge construction projects with
relative ease. Construction personnel at several job sites indicated that corrosion-resistant
reinforcement placement was more straightforward than for ECR because of the care that must
be exercised to avoid coating damage on the latter. Further alloy development, particularly in the
case of stainless clad, should be encouraged. Attempts should be made to compare results from
ongoing laboratory studies, wherein methodologies for projecting long-term performance of
corrosion-resistant reinforcement from short-term tests are being developed, with data from the
IBRC bridges as the latter become available. This will require, however, that states maintain
records for the respective bridges and commit to a long-term monitoring and data acquisition
program.

17







APPENDIX A
FHWA PROJECT NUMBER DE-00-01
TEA-21 INNOVATIVE BRIDGE CONSTRUCTION PROGRAM
‘ Evaluation Report’

State: Delaware.

State DOT Contact:  Mr. Keith Gray [(302) 760-2327].

Bridge Number: 1-119.

Project Type: Deck Replacement.

Location: Bridge on SR 82 crossing Red Clay Creek in Ashland, New Castle
County, DE.

Innovative Material: MMFX-II reinforcing steel.

Bridge Description: The bridge is a relatively short, historical, single span structure on a
secondary roadway. As such, no deicing salts have normally been employed. Deterioration of the
old deck involved concrete cracking and other distress that was apparently a consequence of
freeze-thaw damage. The reinforcing steel (conventional black) was said to have been in good
condition. Initially, stainless steel clad reinforcement was specified; but because of delivery
problems, this was changed to MMFX-II. The project consisted of a full deck replacement and
painting of the existing steel girders. The approach roadway was repaved, and new steel beam
guardrails (polyester coated brown) were placed. The guardrail was attached to new barrier walls
that were constructed adjacent to the existing barrier. This was designed to match the historic
architecture of the existing barrier. The existing alignments and roadway widths were
maintained. Figure 6 shows a side view of the bridge and of Red Clay Creek, while figure 7 is a
photograph of the deck prior to concrete pouring but with the MMFX-II reinforcement in place.

Figure 6. Side view of Bridge No. 1-119.

> The description for this bridge utilizes English and not metric units since the project documents and

specifications were so based.
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Figure 7. Photograph of the bridge deck with
MMPFX-II reinforcement in place.

Innovation Justification: The bridge is subject to application of deicing salts, and chloride
levels in the old deck were extremely high. It was considered that specification of a corrosion-
resistant reinforcement in the replacement deck would reduce maintenance costs and extend the
life of the bridge. |

Construction Sequence: The contractor’s construction sequence for the deck replacement
involved the following sequential steps: ‘

Removal of the existing deck.

Partial removal of the backwalls and construction of new joints.

Sandblasting the steel girders.
Placement of welded on shear studs.

Painting.

AN e

Placement of the reinforcing steel and monitoring devices (the monitoring devices
were placed by the University of Delaware to assess load-deflection behavior).

7. Construction of formwork including a longitudinalg bulkhead.
8. Pouring of the south side of the bridge deck. |
9. Pouring of the north side.
10. Construction of the longitudinal joint.
11. Pouring of curbs and safety walk.
12. Mechanically grooving the bridge deck.
Figure 8 shows a general view of the in-place reinforcement, including that for the curb along

one of the railings. Also shown are the girders and welded shear studs. Figure 9 provides a view
of forming for the bulkhead at the other bridge end. A closer view of reinforcing bars and a
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girder with welded shear studs is shown in figure 10. The longitudinal and transverse bars are
#5s, with spacing for the former being 10 inches and the latter, 12 inches. Figure 11 is also a
closeup view of the in-place reinforcement showing superficial rusting. The steel had been onsite
for approximately 20 days with rain having occurred during much of this time. This corrosion
was judged to be less than what would have occurred with conventional uncoated black steel.

Figure 8. General view of in-place reinforcement,
girders with studs, curb, and bulkhead.

Figure 9. Closeup view of reinforcing steel, girder with
shear studs, gusset plate, and forming for bulkhead.
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Figure 10. Photograph of reinforcing steel
and a girder with studs.

Figure 11 Closeup view of in-place reinforcing
steel showing superficial corrosion.

Reinforcement Specification: Delaware DOT (DelDOT) did not have a material specification
because, first, the use of MMFX-II steel was a field change an?d, second, the product is new. The
design was based upon properties of conventional steel, and it was considered that the higher
strength of MMFX-II would provide a further factor of safety.

Concrete Specification: The concrete was DelDOT Class D, “Deck Concrete,” the mix design

for which is given in table 6. Slab thickness varied from 10.5 inches at the center to 8.5 inches at
the outside. Design cover over the reinforcement was 2.5 inches.
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Table‘6.‘ Cohcrete mix design.

Cement Content (Type I), pcy* : 458
Slag/Fly Ash, pcy 247
Fine Aggregate, pcy 1,051
Coarse Aggregate, pcy 1,846
Water Content, gal/cy** ‘ 33.9
Water-Cement Ratio 0.4
Water Reducer Admixture (Sikament-MP),

1 0z/94 1bs cementitious material 40-80
Air Content, percent 5-8
Polypropylene Fibers, pcy 1.5

*pcy = pounds per cubic yard; **cy = cubic yards

Job Contractor: Greggo and Ferrara, Inc.
4048 New Castle Avenue
New Castle, DE 19720
(302) 658-5241

Steel Supplier: MMFX Steel Corporation of America, Inc. Subsequent to FHWA approval for
substituting MMFX-II for stainless steel clad reinforcement, the contractor contacted MMFX-II
directly to determine cost and availability. Straight bars were shipped to the contractor’s steel
fabricator (ReSteel) where cuts and bends were made. ReSteel then shipped the bars directly to
the job site. There were no delays or delivery problems in acquiring the MMFX-II reinforcing
steel.

Material Cost: The MMFX-II material cost for 8.79 metric tons was $15,120 for a unit price of
$0.78/1b (§1.72/kg). The in-place reinforcing steel cost was $2.95/1b ($6.49/kg).

Job Site Storage: The reinforcing steel was delivered elevated on a flatbed truck and stored
elevated and uncovered on the ground.

Material Acquisition: Six bent bar details were made available from the job storage site for
testing by FAU and FDOT. Figure 12 shows a photograph of these.

Figure 12. Photograph of MMFX-II reinforcement
details acquired from the job site.
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APPENDIX B
FHWA PROJECT NUMBER FL-00-01, PART 1
TEA-21 INNOVATIVE BRIDGE CONSTRUCTION PROGRAM
Evaluation Report

State: Florida. 4

State DOT Contact: Mr. Randall Scott [(772) 225-1888].

Bridge Number: 890146 (East Relief Bridge).

Pi‘oj ect Type: Replacement.

Location: Bridge crossing the St. Lucie River at Jensen Beach, FL.

Innovative Material: MMFX-II Reinforcing Steel.

Bridge Description: This bridge is the eastern of two four-lane structures” in a causeway
between Jensen Beach and Stuart in southeast Florida. It replaces a 50-year-old, low-profile,
two-lane bridge that has badly deteriorated because of the combined effects of brackish water,
near-ocean exposure, and age; it is now functionally obsolete. Figure 13 shows a perspective of
what will be the two northern lanes (westbound). Construction of the southern (eastbound) lanes
will start once the northern is completed. The project is scheduled for completion in March 2004.
Each bent consists of four 0.6-m (24-inch) square prestressed pilings, conventionally reinforced
pile caps, and 16 deck spans. These components, plus barrier and parapet walls, are reinforced
with conventional steel except for eight deck spans (numbers 9-16), reinforced with MMFX-II.
The deck spans are formed cap-to-cap using an assembly of plywood on transverse and then on
longitudinal I-beams. The framing is pulled subsequent to concrete setting and is reused.

Figure 13. Perspéctive view bf replacement

Bridge Number 890146.

* The second or western bridge (Frank A. Wacha Bridge of Bridge Number 890145) is addressed in a companion
IBRC report.
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Innovation Justification: The bridge is subject to a marine exposure in a semitropical south
Florida coastal environment. It is anticipated that MMFX-II reinforcement will provide improved
corrosion resistance and thereby facilitate achieving a 100-year design life.

Construction Sequence: The contractor’s construction sequence involves the following steps:

Driving of conventional prestressed piles.

2. Forming, steel placement, and pouring of pile caps. Figure 14 shows a view of piles
and pile cap for a specific bent.

3. Deck forming, steel placement and pouring of the deck. The deck is being placed
from west to east with each span being formed and poured as a separate unit.

Figures 15 and 16 show photographs of the MMFX-II steel in place on the deck.

Figure 14. Photograph of substructure?components
prior to decking. |

Figure 15. Photograph of MMFX-I1 deck steel in place.
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Figure 16. Second view of MMFX-II deck steel in place.

Reinforcement Specification: At the time of construction, no national standard existed for
MMFX-II reinforcing steel. In lieu of this, the manufacturer’s “Product Bulletin” dated
September, 2001 was employed. The eight MMFX-II deck spans require a total of 145,004 kg
(319,734 pounds) of reinforcement. All longitudinal bars for both mats are #32 (metric
designation) and are spaced at 165 mm in the top mat and 200 mm in the bottom. All transverse
bars are #16 (metric designation) and are spaced at 300 mm in the top and 255 mm in the bottom
mat.

Concrete Specification: The concrete was specified as conforming to Class IV of Section 346 of
the FDOT State Specifications Office. Table 7 provides a listing of required properties.
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Table 7. Concrete mix design.

Min. Cementitious Content (Type II + pozzolans), kg/m’ 390
Maximum Water-Cement Ratio 0.41
Target Slump, mm 75
Air Content Range, percent 1-6
Minimum Compressive Strength (28d), MPa* (ks1) 38 (5.5)
Water-Cement Ratio 0.41

*MPa = megapas