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DISCLAIMER STATEMENT

The contents of thisreport reflect the views of the author who isresponsiblefor thefactsand the
accuracy of the datapresented herein. The contentsdo not necessarily reflect the officia viewsor

policiesof the Ohio Department of Trangportation or the Federal Highway Adminigtration. Thisreport
doesnot congtitute astandard, specification or regulation.
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THN BONDED OVERLAY AND SURFACE LAMINATES
FINAL REPORT
OHIO DEPARTMENT OF TRANSPORTATION

BRIDGESIN HANCOCK COUNTY
HAN-75-1383
HAN-235-0652

Thisisthefinal evauation and report on the experimenta concrete overlaysontwo bridgesinthe State
of Ohio. Thetwo bridgesarelocated in Hancock County near the City of Findlay, both crossing over
[-75. Onebridge (HAN-75-1383) carries County Road No. 313 and the other (HAN-235-0652)
carries State Route 235; both over |-75.

BRIDGE DESCRIPTIONS

Both bridges consist of steel beams/girderswith reinforced concrete decks. BridgeNo. HAN-75-
1383isa383' long, 31’ wide, five (5) span bridge on a32° skew. The bridge consistsof four (4) lines
of welded stedl girderswith four (4) spans being continuous over the piersand one (1) smpleend
gpan. Thebridgewasbuiltin 1963.

BridgeNo. HAN-235-0652isa292' long, 28’ wide, four (4) span bridgeona17° skew. Thebridge
consgtsof four (4) linesof wideflange, rolled steel beams continuousover thepiers. Thebridgewas
builtin1963.

PROJECT DESCRIPTION

The Ohio Department of Transportation (ODOT) selected the above-mentioned bridges as candi-
datesfor participating in the Federa Highway Administration (FHWA) Thin Bonded Overlay and
Surface Laminates Demonstration Projects Program under ISTEA Section 6005. The material cho-
senby ODOT asan overlay materiad wasMicrolite. Microliteisan expanded volcanic mineral witha
microcellular structure composed of tiny air cells. When combined with cement/concrete, the manu-
facturer clamsimproved workability, lower permeability, lighter weight and someinsulating qualities.

ODOT chosetoincorporate Microliteinto their standard bridge deck overlay system with minor
exceptions. Thesystem requires¥4’ scarification of the existing decksfollowed by sounding and
removal of delaminated and other unsound areasof concrete. The minimum thicknessof theoverlay
was 1 ¥4 with someareas being thicker where unsound concretewasremoved. Inthiscase, areasof
additiona (variablethickness) removal averaged 30% of thedeck area.



Themix design chosenfor these overlaysincluded:

Cement 5801bs.
Microlite 1251bs.

Mix water 300+/-101bs.
Coarseaggregate

(No. 8limestone) 14101bs. SSD
Fineaggregate 11501bs. SSD
Sump 5+/- 2inches
Air content 8 +/- 2inches
Water/cementitious 0.44

Thespecific gravitiesused in theabovemix design:

Sand 2.62
Limestone 2.65
Micraolite 0.87

Theoverlaysfor both bridgeswere placed at two different times utilizing half width construction and
maintaining onelanetraffic at all times. Thefirst phaseoverlay wasplaced on HAN-75-1383 on 9-
19-94 and the second phase on 10-12-94. Thefirst phase overlay on HAN-235-0652 was placed
on 5-3-95 and the second phase placed on 6-6-95.

NOTE: More specificsabout the specifications, construction techniques, construction problems;
weather conditions, etc., can befound inthelnitial Evaluation Report dated September 23, 1997
locatedintheAppendix.
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OVERLAY EVALUATION ASOF OCTOBER 19, 2000

On October 18 and 19, 2000, the bridge deckswereinspected visually top and bottom, sounded and

cored. Theresultsareasfollows:

HAN-75-1383

Visudly, theoverlay wasintact with no obviousdelaminations. Therewereafew, very minor cracksin
thesurface. Thebottom sideof thedeck a solooked very well characterized by alight gray color with
no evidence of leakage.

After thevisual examination, the deck was sounded with steel sounding rodsand no delaminations
were detected.

Five (5) coreswerethen taken at various|ocations, some at visible cracks and some at uncracked
areas. Thecorebitusedwas4” indiameter. All coredrillingwasdonetoa6” +/- depth. Examina

tionsof the corestaken revea ed thefollowing:

Core#l

Core#2

Core #3

Taken at acrack inthesurface

Thecorebrokeoff at 33/8” depth during removal
No rebar was encountered

Theoverlay waswell bonded to the parent concrete

Taken at acrack

Brokeoff at 4%4" during removal

Thebreak occurred at acorroding rebar

Theapparent crack in the surface continued through the overlay
Theoverlay waswell bonded to the parent concrete

Taken at an uncracked location
Brokecoreoff at 6 %2’ depth

Corewent through intersecting rebars

No corrosion noted on rebar

Overlay waswell bonded to parent concrete



Core#4
Taken at uncracked location
Corebrokeoff at 3V~
Brokeoff at acorroding rebar
Overlay waswell bonded to parent concrete

Core#5
Taken at amap-cracked area
Corebroke off at 4” depth
Broke off at acorroded rebar
Cracksextended through %20f overlay thickness
Overlay waswell bonded to parent concrete

HAN-235-0652

Visually, the overlay wasintact with no apparent delaminations. Therewere many cracksonthe
surface; sometransverseand some maptype. It gppeared that many of the crackshad beenfilled with
an epoxy or methylmethacrylate. Thebottom of the deck had sometransverse crackswhich exhibited
efflorescence; threesmall (2 sg. ft. or less) areas of exposed bottom mat rebar, two areasof small (less
than 2 sg. ft.) full depth patchesand afew areas of apparent |eakage (very minor).

The bridge deck was sounded with steel sounding rods and no delaminationswere detected.

Six (6) coresweretaken at variouslocations; someat visible cracks, some at uncracked areasand
oneat the center linewherethetwo phasepoursmet. A4” diameter corebit wasused and drilling was
toadepth of 77 +/-. Examination of the coresrevealed thefollowing:

Core#l
Corebroke off at 7" depth
Rebar wasencountered at 4” depth
Rebar was surrounded by overlay material
Overlay material was5%%’ thick (apparently at avariablethicknessarea)
No corrosion noted on rebar
Overlay waswell bonded to parent concrete
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Core#2

Core #3

Core#4

Core#5

Core #6

Corebrokeoff at 7% depth

Taken at centerline (between two pours)
Rebar encountered at 3%2" depth

Overlay materia was3” thick

No corrosion noted on rebar

Overlay waswell bonded to parent concrete

Corebroke off at 4” depth

Overlay thicknessvariedfrom 15" to 3%4’
Taken at area of two cracksin surface
Onecrack %2’ deep and one 1 %2’ deep
Overlay waswell bonded to parent concrete

Taken at acracked section

Overlay thicknessvariedfrom 2’ to4”

Brokeoff at 4 ¥4" depth (at bottom of corroding rebar)
Crack in overlay extendsto corroding rebar

Overlay well bonded to parent concrete

Taken at an apparent good section (no cracks)
Overlay 2" thick

Rebar encountered at 3%2’ depth

Corebroke off at 8" depth

Overlay well bonded to parent concrete

Taken at acracked location

Overlay 2" thick

Corroding rebar

Crack extended through entire section
Overlay well bonded to parent concrete
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Some of the above coreswere salected for further testing; including permeability and chloride content.
Theresultsareasfollows:

PERMEABILITY
HAN-75-1383

CoreNo. 1 - 350 coulombs
Core No. 3 - 273 coulombs

HAN-235-0652

Core No. 1 — 284 coulombs
Core No. 2 — 445 coulombs

Note: Thecoulomb readingstaken within 90 daysafter construction were 909 and 869.

CHLORIDE CONTENT

The chloride contentsdetermined by ODOT Office of Materials M anagement, Cement and Concrete
Section, fromfive (5) selected corestaken from the bridgewere asfollows:

HAN-75-1383
Core No. Depth of Sample Chloride Content
(fromtop of core) (Ib./cuyd)

5 v 15.43

5 i 5.05

3 Rebar level 3.34
HAN-235-0652

5 ' 11.90

2 Rebar |evel 3.00

6 Rebar level 3.30

12



Half cell potential readingswere not available because ODOT no longer uses or hasaccessto the
necessary equipment.

Skid testing on the overlays was conducted by ODOT on October 10, 2000. The results are as
folows

HAN-75-138
Eastbound Westbound
34.3 36.2
35.3 36.4
33.2 36.4
35.4 36.4
34.0 36.1
35.5 38.1
HAN-235-0652
Northbound Southbound
50.7 48.9
50.8 499
50.4 50.7

Skid numbersabove 30.0 are considered good and in this case, the surfacetexture of theoverlaysis
adequateto provideaskid resstant surface. Unfortunately, skid dataimmediately after constructionis
not available.

CONCLUSIONS

TheMicroliteModified Concrete overlays used on these two bridge decksare holding up very well
with no delaminations. Theonly visua imperfection notedisasgnificant amount of aligator cracking
on bridgeno. HAN-235-0652. Thecracks, however, aretight and appear to have been sealed with
ahigh molecular weight methacrylate(HMWM) seder. Apparently these cracksappeared during and
immediately after construction (probably dueto drying/plastic shrinkage) and are not gettingworse.

Thebottoms of the decksstill look very good, except for some minor leakage on HAN-235-0652. It

isdifficult to determineif theleakage stainswere apparent beforethe overlay was placed or since.

Thecoresconfirmed excellent bond with the origina concrete surface. Therewassome evidence of
corrosion taking placeon thereinforcing steel, but again, it cannot be determined if thiscorrosion
product was on the barsbeforethe overlay wasplaced or if it occurred afterwards.
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The chloride permeability readings determined from the coresare very good. The highest readingon
bridge no. HAN-75-1383 was 350 and on bridge no. HAN-235-0652 was 445. Generadlly, chloride
permeability readingsbelow 100 are considered excellent.

Thechloride content readings determined from powder samplesfromthe coresat variouslevel swere
somewhat high, which doesnot correlatewe | with the permeability readings. Thereadingson bridge
no. HAN-75-1383 were 15.43 Ibs./cuyd at the %2’ level, 5.051bs./cuyd at the 1” level and 3.34 at
therebar level. Thereadingsfor HAN-235-0652 ranged from 11.90 [bs./cuyd at the 2’ level t0 3.00
at therebar level.

Generdly, achloride content of 2.0 Ibs./cuydisconsidered thethreshold level for corrosiontotake
place. Using thisthreshold asareference, the chloride contentsare quite high at the’%” level on both
of these bridges. On the other hand, onewould expect the chloride contentsto be higher near thetop
of the surface of the concrete because salt migrates through the concrete from the top down. The
chloride content at thereinforcing steel level inthe concreteisthemost critical becausethechlorides
attack thested, causing it to expand, which resultsinaconcrete spall. Inthe case of an existing bridge
already chloridesinthe concrete at thetime of theoverlay. Inthe case of theseparticular bridges, itis
not known what the chloride contentswere at thetime of the overlays because the sampleswere not
taken.

BridgeNo. HAN-75-1383 carriesasignificant amount of truck traffic (Q00ADTT) dueto the prox-
imity of anasphalt plant, aconcrete plant and aquarry. Bridge No. HAN-235-0652 ismorerural and
only carries170ADTT. HAN-75-1383 hasamaximum span length of 93 feet and HAN-235-0652
hasamaximum spanlength of 82 feet. Eventhough actud salt usageisdifficult todetermine, it appears
that HAN-75-1383 ismore heavily salted than HAN-235-1383 because of the amount of trafficit
carriesand thefact that it islocated within afew hundred yards of the Hancock County Engineer’s
Office. Practically every sdt truck leaving the County facility crossesthisbridge (HAN-75-1383).

Eventhough HAN-75-1383 ismoreheavily traveled, hasdightly longer span lengthsand getsmore

salt applications, thewearing surface and the bottom side of thedeck isin much better condition. This
isnot easily explainable, but could be dueto the quality of concreteusedin origina construction or due
to thefact that the built-up girdersmight be dightly lessflexiblethan therolled beamsused for HAN-
235-0652.

Overdl, theseoverlaysare performing very well and should continueto performwell for at least the
nextSyears.
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IMPLEMENTATION

Thisparticular product (microlite) isperforming well onthetwo bridgesinvestigated, but thereislittle
evidencethat the material and procedureswill result in bridge deck overlaysthat will outlast the
conventiona microsilicamodified concrete overlayswhich have been usedin Ohio sincetheearly
1980's. Ontheother hand, astudy which only includestwo bridgesisnot alarge enough samplewhen
comparing to another product which hasbeen used on several hundred bridges. Likewise, theage of
theseoverlaysisonly six (6) years, whileconventiona microsilicaconcrete overlayshavebeenfound
tolast 10—15years. Another factor to consider isthat thetwo bridgesin thissamplearenot mainline
bridges, but rather overpasses, and as such have not seen the constant high speed truck traffic that
many interstate bridges experience.

Thisauthor suggests:
1 Comeback and re-evaluate these overlays after they are 10 yearsold.
2. Place 4 or 5 more of these overlayson mainline bridgeswhere microsilicaconcrete

overlaysare aso being placed on adjacent bridgesand comparelongevity side-by-
gdewithmicroslicaoverlays.
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PART 1
HaN - 235 - 0652



Map cracking of wearing surface
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Typica cracking

Typica undersde
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Some previous patched areas; minor spalling; transverse crackswith efflorescence

Minor leakage
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Coring operation
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" Coreshowi ng variablethicknessof 'o\}erlay';
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-Core takén at crack

Coretakeninvariablethicknessarea
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Coreshowing corrosion at reinforcing steel in par concrete (upéi dedown core)
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Coretaken at centerlineconstruction joint

Coreshowingthat not al reinforcing stedl indicatescorrosion activity
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PART 2
HaN - 75 1383
(Lima AVE.)
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Wearing surfacelooking southwest
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Typicd texture
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Wearing surface
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dwi ng fnateri a anddate |
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Looking at south sideof bridge
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Stencil inoverlay
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Underside of bridgelooking southwest
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Wetting thedeck prior to visual ingpection
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Sounding deck

Typica loadsusing bridge
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Coreshowing bon line
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Crack extending part way through overlay
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“Rapid Chloride Permesbility Testing”
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