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METRIC CONVERSION FACTORS
Convert From To Multiply By
Length
Foot Meter (M) 0.3048
Inch Millimeter (mm) 25.4
Yard Meter (M) 0.9144
Mile (Statute) Kilometer(KM) 1.609
Area
Square Foot Square Meter () 0.0929
Square Inch Square Centimeter (Ciyl 6.451
Square Yard Square Meter() 0.8361
Volume
Cubic Foot Cubic Meter (M) 0.02832
Gallon (U.S. Liquid) Cubic Meter (M) 0.003785
Gallon CAN. Liquid) Cubic Meter (M) 0.004646
Ounce (U.S. Liquid) Cubic Centimeter (CR) 29.57
Mass
OunceMass (AVDP) Gram(G) 28.35
PoundMass (ADVP) Kilogram (KG) 0.4536
Ton (Metric) Kilogram (KG) 1,000
Ton (Short, 2,000 LBM) Kilogram (KG) 907.2
Density
PoundMass/Cubic Foot Kilogram/Cubic Meter (KG/M) 16.02
Mass/Cubic Foot Kilogram/Cubic Meter (KG/M) 0.5933
PoundMass/Gallon (U.S.) Kilogram/Cubic Meter (KG/M) 119.8
PoundMass/Gallon (CAN) Kilogram/Cubic Meter (KG/M) 99.78
Temperature
DegreeCelsius (C) Kelvin (K) Tk=(Tc+ 273.15)
Degree Fahrenheit (F) Kelvin (K) Tk = (Te+ 459.67)/1.8
Degree Fahrenheit (F) Degree Celsius (C) Tc=(Tg132)/1.8
lllumination
FootCandles Lux (LX) 10.76
FootLamberts Candela/Meter sq. (CD/R) 3.426
Force and Pressure or Stress
PoundForce Newton (N) 4.45
PoundForce/sq. in. Kilopascals (KPA) 6.89
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EXECUTIVE SUMMARY

This researclproject evaluai@the application oDensiCreteon threestructuresn Erie County,
Engineering District 0. DensiCrete iasodium silicate materia a | | ®ilidatean Wateb that is
used as a penetrating sealer on Portland Cement Concrete.

In 2001, the manufacturer Wicktek, Inc., of Farmington, PA requested that DensiCapiartrecdor a
differentconstructiorapplication than it was already approved foPublication 35, Bulletin 15
Approved Construction MaterialsThe manufacturer wéed the product evaluatéor approval with
Publication 408 PennDOT SpecificatiorSection 101%Protective Coatings for Reinforced Concrete
Surfaces.

The threestructures useinh this research project had tBensiCrete material applied alf of the
bridgedeck. Theother halfof the bridge deck had boiled linseaitlapplied omothingapplied.

Surface surveyand concretéestsweredoneon these bridge decksThe concrete samples collected
were to measure and compare the chloride ion perogtrdfie visual absorption, and the compressive
strength of the test sectian®nly chloride ion testing was performed alh six test sectios

The test results from this reseaprojectwere inconclusivethe Department will continue toanitor
and testhe application of the DensiCrete material when requested by the Engineering Districts.

DensiCrete shall maintain its current approval in Public&8mrBulletin 15 Approved Construction

Materials under the Miscel |l ane aauRedu&ehldridedPangtrattoiProd net r a
Concreteo in the ASilicates in Watero category.

RP # 2001055
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BACKGROUND

DensiCreteformerly PermaCretas awatery opaqueodium silicatenaterial When sedon concretg

this materiakhouldseal waterproof and protect the surface from unwanted intrusioftgs material

has been approved by tRennsylvania Department of TransportaiiBennDOT )for listing in

Publication 35, Bulletin 15 Approved Construction Matergatge 1996. The listing under the

Mi s c el | an e Pendrati®fgealdrsitd®edyceClioridePenetrationofConcr et e0 i n t h
fiSilicatesin Wateo category This approval haallowed DensiCrete to be used gseaetrating sealer

on cement concrete surfaces thave no velcular or pedestrian traffic

In 2001, the manufacturéwicktek, Inc., Farmington, PAequestedhat DensiCrete bapprowed for use

in lieu of boiled linseed oilor bridge superstructure applicatias stated in Publication 42800

PennDOT Specificatiise:Secti on 1019 nAProRechioec€dalbuiohgsef e
referencd Section 503iProtective Coatings for Cement Concrete Pavermdotshe boiled linseed oll
application. Since this request would changew and where the DensiCretaterial would be used
PennDOTwould consider thisapproval of the DensiCretaaterialas arexperimentaproduct

evaluation.

For the evaluatiorPennDOTwith input from Wicktek Inc. develogdthis research project tiest
DensiCreteon severastructures Theresearch projeatas toassesshe DensiCretgropertiedo
prevent chloride iopenetration andtrengtherthe concretevhile maintaining a safe driving surface.
Based on these field observatiptiee Department would learn if thigenetating sealewould be
acceptable as an alternate to boiled linseedf ¢lile DensiCretanaterialdetes chlorideion penetration
andif DensiCretancreases theoncretestrength.

For the rest of this report the DensiCrete mateniay be referred to as the experimental product.

PROJECT SUMMARY

Two locations were selectedrfthis research projedtothin EngineeringDistrict 1-0, Erie County.
This area of Pennsylvania gets lake effect gattiirom October though March Choosing dcations
were snow and ice removal occur for most of the gearsthe experimental produtite opportunityto
prove its performancie extreme field conditionsSeeFigurel andFigure?2 for the research project
locatiors.

The first location was a structure on SR 5 over Sixteen Mile Creek. This structure was built, ithe001

same year as the research projdch e pri me contractor for this | oc
of Franklin, FA. Theexperimentaproductandthe comparisoproductwereappliedby the prime
contractorduringthe constructiorproject.

The secondlocationwastwin structureon SR 79 oer SR 3006 (Traffic Route 6N)At the time of the
experimentaproduct placement the northbound structure \Wwesetyears old and the southbound
structure wasgour years old. Wicktek, Inc. subcontractdéremere SystemaVieadville, PA tcapply the
experimental productNothing wasappliedto thecomparisorareasthese areas were lefhtreated

Both SR 79structurehad beemetrofitted withanti-icing systems The systemautomatically apply a
saltbrinesolution whensensors dictate thateather conditionare approachinffeezing conditions
This substantially increases the amountidbride exposure fahese bridge decks

RP # 2001055
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TheResearchProjectLocations:

S#23879

BMS #25000509401218

SR 5, Segment 0940 Offset 1218
Erie County

Engineering District 0

Final Report

Figure 1, SR 5 Project Location

S#21983
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Figure 2, SR 79 Project Locations
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PRODUCT PLACEMENT
The procedure used to place therimental produg¢DensiCretg¢was as follows:

e Power wash thdridgedeck with water to clean the surface of any debris

e Let bridge deck surface dry

e Usea garden sprayer (2 gallon size)gply the first coat of material inlalock-by-block pattern
e Letthebridge deck surface dry between coats

o Apply asecond coan the same patternd/or third coat, if needed oeet application rate
The procedure used to place tmmparison produdboiled linseed o)lwas as follows:

e Dry and clean the bridge deck of any dirt, debris, oil, and grease

e Pressure spraye materiato ensure complete coverage of the bridge deck
e Let the bridge deck surface dry for 24 hours between coats

e Apply second coaib meet application rate

SR5
At the SR 5 location the experimental prodwasapplied to the bridge deck @eptember 27, 2001.

The manufacture Wickteknc. subcontracted the field application to Premiere Systeiise

representative from Premiere Systatesonstrated thexperimental produgilacement for the
constructionconect or Shi ngl edec ke AdThecwstiudiororgracmrftherrr an k | i
applied55 gallons othe experimental produtd the westbountbridge deckanes angbarapet

The bridge deck was 5@%2" long and110-3%:" wide (outto-out). Thedimension of the experimental
area wad.7-9" wide (normal to the centerlindy 44-6" long based on a 60 degree skew. el area
was 2,701 SF.

SR 79Northbound

At the SR 79 Northbounidcationthe experimental product wapplied toathe north halfof thesuper
structure Theoverallbridge deck measured 168 long and43-6" wide. The experimentairoduct
area was bottanes and shoulderof thenorthendof the structure with the dimensions beir&+3' long
by 43-6" wide.

The manufactur&Vicktek, Inc. subcontracted the field applicatiat this locatiorto Premiere Systems
Engineering District 0 Erie County maintenance forces supplied the traffic coatrdlwater truckor
this application.

A minimum of 21 gallons of material wasgposed for placement on thadgedeck surface. Actual
placement was aboB0-32%2 gallonsof material for thidocation Theexperimental produapplication
ratewas not measuredUsingthe spray setting on sprayehe experimental material wappled to an

RP # 2001055
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area until thesurface wasaturatd andthe material created@uddle. The DensiCrete materiahould
cure in 28 days.

The experimental product was applied to the driving lane and shoulder on July 1,Zh2608 the
passing lane and shoeidon July 18, 2002Tablel, Experimental Product Placement8R 79
Northbound summarizeshe experimental product placement on those days.

Table 1, Experimental Product Placement onSR 79 Northbound

SR 79 Northbound Structure
Time Temperature Readings
Day Area Procedure
Start Finish Time Surface (°F)| Air(°F)
el 10:07am | 11:13am | 10:06 am 940 81°
Washing
. First Coat 11:15 am 11:55 am 11:15 am d 89°
Driving
July 17,
2002 Laneand | o 00
Shoulder Coat 12:00 pm 12:40 pm 12:08 pm 100° 106°
Stop 12:43 pm 5 12:43 pm 115° 1100
Work ’ ’
Power 8:00 am 8:40 am 8:48 am 790 81°
Washing
First Coat 9:00 am 10:02 am 9:48 am 88° 91°
Dr_ymg 10:02 am 10:18 am o] o] 0
Passing Time
July 18,
2002 Lane and Second
Shoulder Coat 10:18 am 10:58 am 10:58 am 88° 90°
Drying | 1058 am | 11:20 am 3 3 3
Time
Stop )
Work 11:20 am o) o] o] o]

On both days the representative followed the same procedure, power washing the bridge deck surface
using at least 400 gallons of water on each side experimental product wakpedin ablock by

block pattern, so that when finished theginning shoulder area was dnyough to start the second coat.
During the second cogtlacement temperatures reacheevereaboveDensiCrete's specification
requirement of 90F, so the manufacture decided not to apply a third cblais completed the

experimental application on the SR 79 northbound structure.

RP # D01-055
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Photo 1, DensiCrete Application on SR 79 Northbound

SR 79 Southbound

At the SR 79 Southbouridcation he experimental product was applied togbath halfof thesuper
structure. Theverallbridge deck measured 168" long and 436" wide. The experimentairoduct
was placean the full widthof thesouthendof the gructure with the dimensions being £3'x 43-6".

The manufacture Wicktek, Inc. had sotntracted the field application at this location to Premiere
Systems. Engineering District@, Erie County maintenance forces supplied the traffic control and
water truck for this application.

A minimum of 21 gallons of material was proposed for placement on the bridge deck surface. Actual

placement was about 2% gallons of material for this location. The experimental product application

rate was not measen. Using the spray setting on sprayer, the experimental material was applied to an
area until the surface was saturated and the material created a puel2ensiCrete materiahould

cure in 28 days.

The experimental product was applied to theidg lane and shoulder donday, July 22, 2002 then
to the passing lane and shoulderTaresdayJuly 23,2002 The experimental product placement is
summarized iMable2, Experimental Product Placement on SR 79 Southbound

On the first daytte representative followed tipeoduct placemergrocedurepower washing the bridge
deck surface using at least 300 gallons of wiateboth sides The water drainefitom the experimental

area into theomparisorarea inlets. Since the quantity of experimental product was less than the water
used, none of the DensiCrete drained into tmagarisorarea. The experimental product was placed in

a block by block patternWhenboththe surface and air temperatures were above 90° at 11:2ham,
representative decided $top work.

On the second dagince the southbound passing and shoulder area were power washed yesterday, the
representative did a cursory walk througrsee if the bridge deck surface was acceptable for the
experimental product placement. The representative decidedaioegd with the application without

any further cleaningThreefourths of thdfirst coat on thesouthbound lankad beerrompletedvhen it

RP # 2001055
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started to rain The work was haltedintil thebridge deck surfac&asdry enough to continue the
applicationagain. The representative reapplied the first coat of the experimental product to the passing
lane and shoulder, and then the secooat was applied. This completed the experimental application

on the SR 79 southbound structure.

Table 2, Experimental Product Placement on SR 79 Southbound

SR 79 Southbound Structure
Time Temperature Readings
Day Area Procedure
Start Finish Time Surface (° F) Air (°F)
el 7:55 am 8:30 am 8:15 am 83° 81°
Washing
First Coat 8:40 am 9:20 am 9:15 am 89° 88°
Driving Second 9:25 am 10:15 am 10:15 am 87° 920
Lane and Coat
Shoulder
July 22, Drying . .
2002 Time 10:15 am 10:35 am o] fo) 0
Switched 10:35 am 10:50 am o] fo) 0
Lanes
Passing Power 10:55 am 11:25 am 11:25 am 91° 95°
Washing
Lane and
Shoulder Stop Work 11:25 am o} o} o} 0
First Coat 8:00 am 8:20 am 8:00 am 76° 75°
StopWork 8:20 am 10:20 am 8:40 am Rain Rain
Drying 10:20am | 11:15am | 11:10 am 770 740
Time
July 23, Passing First Coat 11:20 am 12:15 pm 12:10 am 80° 75°
Lane and
2002
Shoulder Second
. . . o (o]
Coat 12:20 pm 1:00 pm 1:00 pm 89 86
Drying 1:00 pm 1:30 pm 3 5 3
Time ’ ’
Stop Work 1:30 pm o} o} o} o}
RP # D01-055
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FIELD EVALUATION

The bridge decks at the three structures were divided into two test sections with a total of six test
sections.At each field viewtraffic control was providetly Erie County maintenance forces. Sae
field views were talocumenthebridge deck surfaceonditionsand to colleceamples from each test
section. Visual observations of the bridge decks were photographddny distressegerenoted.
Collected samples were taken to PennD@ureau of Construction and Materididaterids Testing
Lab for processing and analysis

Surface Conditions
SR 5 no surface distress or cracking during the research project study.

SR 79 Northboundheexperimental product arem theshoulder, a 36" long by 76" wide area had a
stained area that during the experimental product placemembwes washing could not remove. This
stain was visible throughout the research project. Samples were not collected in this area.

SR 79 Southound, no surface distress or cracking during the research project study.
Samples Collected

The concrete samplesliected were to measure and compare the chloride ion penetration, the visual
absorption, and the compressive strength of the test sections.

For dhloride ionpenetration testinggamples were taken in tckemparisorarea(boiled linseedoil or
untreatefland theexperimentahreaof all threestructure.

When this research project startbd $R 5Sstructurewasbeing built. The DensiCreteandthe loiled
linseed oilwereappliedwithin days of each othefter the bridge deck curing was removéihe
chlorideion contenbaselingor the test sections on thisidge deckwereconsidered zeroAfter
applicationthe SR 5 structure was tested at 1 year, 3 years and 7 years.

The SR79 structurediad baseline samples takerSeptember 2001 and June 2@@2orethe
DensiCrete applicationAfter the applicationchloride ion samples were taken the SR 7%iorthbound
structure at 1 year, 3 years and 6 yearscmthe SR 7%$outhbound structure at 1 year, 3 years and 5
years.

The following steps, which are based on Pennsylvania Test Method No. 414, were used for collecting
the chloride ion tests from eachttesction.

e Cleaned the Hilti drill % inch drill bits blow out bulbs, brushes, and stainless steel spaibins
Alconox and distilled waten preparation for the chloride i@ampling

e Measuedand marked theomparisorareaand theexperimental product aréest sectionsn
eachs t r u cbtidge deok s

e Randomlyselected, using a modified version of PTM Noardd marledthefive sample
locations per test sectionomparisonboiled linseedoil, DensiCrete)

RP # 2001055
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e At the fivelocatiors, samples were taken atitich, 1inch, and 2inch depthstotalingfifteen per
test section The same process was donedachdepth

e Samples were taken by drilling the appropriate depth at each locaimnauHilti drill fitted
with a% inchdrill bit and a collection tin vifh a linch hole in the bottomThe depth of the hole
was checked using a wooden ruler.

¢ Mostof the concrete dust collected on the perimeter of the collection tin. The remaining dust
was collected either by scooping the mateigl of the hole with a small stainless steel spoon or
by using a blow out bulb to collect the remainmgverized concretento the collection tin.

Photo 2, Collecting Chloride lon Sampling

e The pulverizedoncretematerialwasplaced in a labeled sample tin for that locatowl depth
Five grams of pulverized material was collected for each ddéfabhsample tinrvasprocessd
for the chloride ion content.

¢ Between sample locations and increments the equipment was wipetocte@id cross
contamination

e The resulting holes were filled with a fast drying epokg quikcrete material When the
material was setnaintenance removed the traffic control.

The chloride ion samples were processed using laCtestreteii Det er mi ni ng Chl or i d
Procedur6 P A R&sul6 were reported in pounds per cubic yard.

RP # D01-055
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For the visual absorption and the compressive stréagtsconcretecores were to be extracted frahe
comparisorarea and the experimental arealbthree structuresCores were not taken at the SR 5
locationfor either aregthe spacing of the reinforcement bars bottom and top mats quedapclosely
to extracta 4 inch core withowdlso removingebar. A core with rebar would not give acceptable
resultsfor thesetest. At the SR 79 structuresabeline ores were takeim September 2001 for
absorption and compressive strengiine @mparison cores were takenJuly 2003, one year after the
DensiCre¢ applicationthese results are not available.

Skid Resistance testing in accordance with ASTM E 274 was to be done after the material had been
placed and had sufficient cure time. When the testing was requested, the Bureau of Maintenance and
Operationgesponded that the test sections were not long enough for the test to be performed. The test
sections were not tested for skid resistance.

CONCLUSIONS

Thechloride iontest results for this research project did not show that the DensiCrete madsrial w
better or worsat preventing chloride ion penetratitiran the boiled linseedil or theuntreated
comparison areas.

For the visual absorption and the compressive strengthdestsete corewere notcollectedfor all
test sections, making tle®nparison of thestestresultsunacceptable.

Since the bridge decks were not long enough for skid resistangahestssearch projeavas not able
to determinghe safety of the DensiCrete material auperstructure. Howevgthis materiahas been
used in othelocations and tested by otheééateD O T @ith no safetyconcerns reported.

The test results from this research wienclusivethe Department will continue toanitor and test
theapplication of the DensiCretaaterialwhen requested by tHengineeringistricts.

RECOMMENDATIONS

When this research project started in 2aDdnsiCretavasseeking approval for use on bridge
superstructures. Since then the Department has chd6§d2ennDOT SpecificatipSection 1019

i Pr tve @oatingsfoRei nf or ced Co niocludgea mart (8)BnetradircReaeds(Fdr o
Bridge Superstructure)Based on this specificatianh a n g e a n dscrentPenn@OTet e 6
approva] it is recommended that DensiCrete shall maintain apphoWblication35, Bulletin 15

Approved Construction Materigls under t he Miscell aneous Secti on
Chloride Penetration of Concreteodo in the ASilic
REFERENCES

AConcrete: Deter minimrgo cCehd uorrei od e( PCAo DeedaBn)ent chR e nonns y
Transportation, Bureau of Construction and Materials, Harrisburg, Pa.

nObtaining Samples of Pulverized Concrete for C
Department of TransportatioBureau of Constretion and Materialsarrisburg, Pa., July 1995

AProbabil i (PYM 15 Bansylvanmdepartment of TransportatBareau of Construction
and MaterialsHarrisburg, Pa., July 1995
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Figure 3, SR 5Test SectionLocations
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Figure 4, SR 79 NorthboundTest SectionLocations
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Figure 5, SR 79 Southboundrest SectionLocations
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