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ABSTRACT 

Based upon promising laboratory tests by t he Vermont Agency of Transportation, 

Chem-Trete BSM was selected to sea l a new Portland Cement concrete overl ay placed 

on the midd le span of Interstate 89 bridge No. 87-N located in the town of 

Fairfax, Vermont in September of 1982 . Prior t o rehabilitation, the concrete 

deck had experienced severe scaling and rebar corros ion bel ieved due, in a 

large part , to the l ack of an air entrainment additive in a portion of the 

ini tia l deck construction. A high pressure water blast and acid etch was 

used to clean the deck surface but neither was able to remove all .laitance 

The sea lant was applied with a low pressure garden sprayer. Varying appli 

cation rates were used in the hope that differences in performance could be 

noted in foll ow-up evaluations. 

Field tests were conducted on the deck in May of 1985 following three winters 

of deicing salt appli cations and 3.4 million vehicle passes . Rebar half-ce l l 

potential measurements revealed acti ve corrosion on 70 percent of the span, an 

increase of 536 percent over that recorded prior to treatment. Chemical an

alysis of recovered concrete samples revealed ch loride levels at the 1/4 to 

one inch depth averag ing 1320 parts per million in the wheel path and 934 

parts per million in t he breakdown l ane at a point five feet from the curb

li ne. An area left untreated contai ned chloride levels 26 percent higher at 

t he 1/4 to one inch depth. Heavier applications of the sealant did not im

prove the waterproofi ng quality, however , improved performance was noted where 

the concrete was allowed to dry longer prior to treatment . The overal l per

formance of Chem-Trete BSM was not considered satisfactory i n thi s fie ld test . 
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INTRODUCTION 

The Vermont Agency of Transportation has routinely designed and con

structed bridge decks incorporating the use of a waterproofing system 

and bituminous overlay si nce the late 1950's. In genera l , the protect

ion offered by the newer class of membrane materials has been found to 

be satisfactory and the Agency does not anticipate switching to exposed 

Portland Cement concrete decks in the foreseeable future . However, under 

certa in conditions, there are cases where it would be beneficial to omit 

the application of a membrane system and bituminous overlay from a deck 

surface. This report deals with such a case where severe surface scal

ing was considered easier to repair with the placement of a new Portland 

Cement concrete overlay rather than sawcut and jackhammer to a depth 

sufficient to insure that concrete patches would perform satisfactorily. 

The product selected to seal the new Portland Cement concrete overlay 

and the underlying concret e and rei nforcing steel from further chloride 

intrusion is discussed in deta il . 
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CHEM-TRETE PRODUCT INFORMATION 

Chem-Trete BSM weatherproofing solution is available from TRO-CAL, a 

division of Dynamit Nobel of America, Inc., 10 Link Drive, Kockleigh, 

New Jersey, 07647 . The product, manufactured in Mobile, Alabama, is a 

40 percent solution of an organosilane in ethyl alcohol. When applied 

on concrete surfaces, the BSM molecule is reported to chemically bond 

to individual particles in the substrate creating an entirely new hy

drophobic surface. The solution does not block the pores, thereby al

lowing the concrete to breathe. Average penetration is reported to be 

1/4 inch to 5/16 inch in concrete. 

Surfaces to be treated must be free from dirt, grease, oil, coatings and 

other foreign materia l s which may interfere with penetration. Removal 

of ,contaminants or laitance may be achieved by using water blast or 

sand blast procedures . Chem-Trete BSM may be applied usi-ng low pressure 

(15 psi max) airless spray equipment such as a pump-up garden sprayer or 

drum-mounted pump. The spray equipment should have a fan type spray noz

zle. The proper quantity is be ing appl ied to horizontal surfaces when the 

liquid stands for a few seconds before completely penetrating. Chem-Trete 

BSM may be applied on a damp surface, however, the surface should be suffi 

ciently dry to allow the appl icator to see the spray pattern. The recom

mended application rate for bridge decks and other surfaces subject to 

abrasion is 100 to 125 square feet per gallon. 
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VERMONT'S SPECIFICATION AND USE OF CONCRETE SEALANTS 

The Agency does not have a Specification or Li st of Approved Materials 

covering penetrating sealers for Portland Cement concrete . The standard 

treatment specified for Portland Cement concrete is a 50-50 mixture of 

boiled li nseed oil and mineral spirits. The construction requ irements for 

t he solution are covered in the Agency Standard Specifications fo r Construct

ion under Section 514 - Water Repellent and Under Materials Sect ion 726 , 

Protective Coatings and Waterproofing Materia l s. The mater ial i s typica lly 

appl ied on concrete curbs on bridges and on the back wall s of abutments. 

Reapplications of t he sol ution are considered necessary to retain weather-

proofing quali t ies. The overal l performance of linseed oi l and mineral 

spirits has been considered good where it has been applied on vert i cal or 

well dra ined concrete surfaces and a retreatment program has been faithfu lly 

maintained. Less t han satisfactory resu lts have been recorded on bridge 

deck surfaces treated wi t h the material . 

VERMONT 'S EXPERIENCE WITH CHEM-TRETE 

Chem-Trete was f irst introduced t o t he Agency by Mr. Richard R. Wolsey of 

Wolsey Assoc iates, 11 2 Haverhill Street, North Reading, Massachusetts, 

01864, in January of 1981 . A sample of the product , known at that time 

as Chem-Trete Silane* was appl ied on concrete specimens and found to pene

trate deeper than other penetrating sea lers. 

*The manufacturer advises t hat t he product name was changed from Si lane to 
BSM during initial marketing but t here was no change in the actual compo
:si tion of the material. 
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The FHWA Federal ly Coordinated Program (FCP ) summar ized in t he 1979 

annual progress report that Chem-Trete Silane surface treatment signifi 

cantly reduced chloride and moisture ingress on treated slabs subjected to 

chloride ponding. The report cited simi lar results obtained in tests con

ducted by PCA, Ohio D.O.T. and the Oklahoma D.O.T. The report did caution 

t hat long term protection could not be ant icipated where significant abra

sion is expected. 

Based on the promising test results obtained by others, the Agency applied 

Chem-Trete Sil ane on Vermont Route 14, Bridge No. 74 over Pekin Brook 

approximately 1.88 miles north of the Ca lais-East Montpelier town line 

on October 13, 1981. The experimental application was undertaken as an FHWA 

Category II Experimental Project under Vermont Work Plan 81-R-8. The appli

cation incl uded 370 square feet of new deck surface and the adjacent 72 

square feet of facia area. The opposite side of the deck was treated 

with tar emulsion and the facia received li nseed oi l and minera l spirits 

for comparison purposes. The hoizontal surfaces treated with Chem-Trete 

or tar emu lsion were overlaid wi th two courses of bi tuminous concrete pave

ment. The applications were carried out without experiencing any difficulties . 

Performance results have not been summarized to date. 
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EX~ERIMENTAL WORK LOCATION 

fhe center span of Bridge No. 87N, t he Interstate 89 northbound structure 

over Vermont Rte 104 in Fairfax, located at MM 111.10, was selected for 

treatment with Chem-Trete BSM. At the time of construction in 1966, tests 

revealed that a portion of the Portland Cement concrete in the center span 

was not properly air entrained and consequently would be subject to severe 

scaling from freeze-thaw action. In an attempt to protect the concrete, 

Rambond 223, a 100 percent solid epoxy was applied in August, 1967. The 

epoxy seal was then covered with two courses of bituminous concrete pavement. 

The structu re appeared to be in sati sfactory condition until the biutminous 

surface was removed in 1982 in preparation for a new bituminous overl~y. 

The exposed surface revealed that severe sca ling of the concrete had occur

red along t he lower end of the span and at other random locations. The loss 

of up to three inches of concrete cover over a 14 foot by 20 foot area exposed 

Severe sca ling resulting in exposed rebars on 
the lower southwesterly corner of the span 
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much of the top mat of stee l. In general, corrosion of the rebars was 

limited although corros ion sta ins on the bottom of the deck slab suggest 

that there may have been some corrosion on the bottom rebars al so. 

The noted deterioration was corrected with the placement of an 11AA 11 Port

land Cement concrete overlay on August 30, 1982. The seven and one-hal f 

bag mix was preceded by the appli cation of a neat cement slurry for bond

ing purposes . The two inch overlay was wet cured until September 20, 1982, 

three days before the Chem-Trete BSM application was to take pl ace. 

DECK CONDIT ION AND PREPARATION PRIOR TO CHEM-TRETE APPLICATION 

The deck surface had been finished off with a rai l mounted vibratory screed . 

Only a slight surface texture was visible except where the concrete had been 

bullfloated to fi ll i n surface voids and where the curblines were trawled 

following removal of the screed rai l s . A series of approximately 75 short 

transverse cracks were noted near t he center of the structure covering an 

area 35 feet to 60 feet f rom t he southerly end of the span . The depth of 

the cracks was not determined as they were not wide enough to accept a gauge 

of any type. 

Half cell pot ential measurements were taken at a five foot gr id interval to 

det ermi ne if rebar corrosion was present . Active corrosion was identified 

on 12 percent of the test area with values ranging from -0 .35 to -0.40 vo lts . 

The active corrosion was located on the southwesterly quadrant of the deck , 

where the most severe concrete deterioration had occurred, and along t he 

northerly expans ion dam. 
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Due to t he anticipated presence of laitance on the new concrete surface, 

the Tro-Cal technical representative, Pat Winkler, brought a high pressure 

water blaster to the project on September 23, 1982. The equipment was re

portedly capable of applying a 3000 ps i blast at the nozzle. Although the 

water blast was able to remove much of the surface stains, it did not re-

move areas of moderate to heavy laitance Approximately 120 square yards 

or 40 percent of the deck was blasted between 8:00 and 10:15 am. At that 

time, the operation was stopped and a small area was treated with muriatic 

acid for a comparison. When the effectiveness of the acid etching was 

noted to be superior to the water blast, the remainder of the deck and the 

area initially blasted were acid etched. A large vol ume of water from a 

5000 gallon tanker was used to wash away the acid residue within several 

minutes of applicat ion. Upon completion, the concrete surface was considered 

satisfactory although some laitance remained as would be expected on any 

bridge deck not exposed to traffic and weather for a period of time. 

'· .. 

·surface condition following water blast and acid etching 
treatments. Note isolated areas where al l laitance has 
been removed due to flaking . 
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OBSERVATIONS MADE DURING CHEM-TRETE APPLICATION 

The Tro-Cal representative stated that the Chem-Trete BSM appli cation should 

begin as soon as the concrete became surface dry following the acid etch 

f lush . The surface preparation was completed shortly after noon, however, 

light to moderate rain showers began shortly thereafter and continued 

unti l early evening eliminating the possiblity of treat ing the deck that 

day. Due to other commitments, the Tro-Cal representative and the regional 

distributor left after reviewing the proper method of application with Agency 

personnel. 

The fo llowing morning, September 24, 1982, the sky was clear at 7 am but the · 

deck surface remained wet wi th the air temperature at 55°F;· Drying continued 

as the temperature rose and at 9:50 am, t he entire surface was free of visual 

moisture . The application began near the northerly end of the span at that 

time and continued until all areas were completed at 2:20 pm. The sealer 

was applied with a low pressure pump-up garden sprayer equipped with a fan 

type spray nozzle. The application rate was varied purposely in the hope 

that differences in performance could be noted in follow-up evaluations. 

A total of 16 different applications were made including one area with a 

double app l ication. In all cases, the sprayer was filled to a specific level 

and the area treated was measured and recorded. The locations and application 

rates which varied from 75 to 162 square feet per ga llon can be seen in Appendix 

A on pqge 17. The overall application rate for the span was 128 square feet 

per ga llon. 

The length of time required for the sunface to become dry following the 

Chem-Trete application varied from approximately 50 minutes when first 
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applied that morning to approximately 25 minutes during the afternoon. 

Such results suggest that when the deck was allowed to air dry for a 

longer period of time, the sealant was able to penetrate more quickly into 

the dryer concrete air void system leaving less material on the surface 

Air temperature may also have had an effect on the drying t ime ranging from 

63°F at the 9:50am start up to a high of 83°F at 1:40pm. Skies were 

clear until 1:00pm and remained partly cou ldy for the rema inder of the 

afternoon. Humidity levels recorded at the deck surface ranged from 70 

percent at the beginning to a low of 42 percent at mid afternoon. Winds 

were calm to light and variable during the application. 

Traffic barriers were removed approximately one-half hour after the treat- ~ 

ment was completed. 

COST INFORMATION 

At the time of shipment, Chem-Trete BSM was available in five gallon units 

at a cost of $51.00 per gallon FOB Winchester, Massachusetts . Prior to 

fina l billing, the price was reduced to $24.72 per gallon due to the fact 

that the application was considered experimental. As of December, 1985, the 

product may be purchased directly from RDG Associates, 75 Sylvan Road, P.O. 

Box 512, South Lancaster, MA, 01561, Tel: (617)368-8889 at a cost of $53.00 

per gallon in five gallon units or $50 . 00 per gallon in 55 gallon drums, FOB 

Montvale, N.J. 

Assuming an average application rate of 125 square feet per gallon, the material 

cost would be approximately $0 . 41 per square foot of surface treated. 
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FIELD EXPOSURE CONDITIONS 

The test site is located in an area with a mean freezing index of approxi

mately 1350. Snowfa l l averages 90 inches and 80 freeze- thaw cycles can 

be anticipated. 

The deck was exposed to deicing chemical appl ications for three winters prior 

to conduct ing fie ld tests for chloride intrusion. The appl ications of road 

salt were cont inuously monitored by the Agency's Maintenance Division and 

the records show the applications per two- lane mile included 23 tons in 

1982-1983, 41 tons in 1983- 1984 and 22 tons in the 1984-1985 season. Over 

the evaluation period, the applications have totaled 33 pounds per linear 

foot of structure or approximately one pound per square foot of deck surface. 

Average dai ly traffic volumes on the bridge have ranged from 3500 in 1982 

to 3600 in 1985. Total traffic volume from the date of treatment to the 

time of sampling, a period of two years and seven months was 3. 4 million 

vehicle passes . 

DISCUSSION OF PERFORMANCE 

The test site was visually inspected and tests were conducted on May 17, 1985. 

There was no visua l evidence of any laitance remaining on the surface or 

wear in the wheel path areas. New cracks in the concrete surface course in

cluded six short cracks in the breakdown lane and hundreds of feet of map 

and alligator cracking in both the travel and passing lanes . There were no 

cracks in the four foot median shoulder lane. Trace amounts of delamination 

- 12 -



were noted with a chain drag above and adjacent to a few of the cracks . The 

delamination may ·have been promoted by surface roughness which causes a 

pounding action by traff ic. 

Physical testing included copper-copper su lfate half cell potentia l measure

ments and the recovery of concrete samples for t he determination of Cl 

content using a specific ion electrode . The potential measurements revealed 

active corrosion on 70 percent of the span, an increase of 536 percent over 

that recorded prior to treatment on September 23, 1982 . Act ive readings 

ranged from -0. 35 volts to a high of -0. 67 volts . The increase in active 

corrosion may be due as much to inadequate removal of chloride contaminated 

concrete at the time of reconstruction as to additiona l chloride contamination 

during the past three years of exposure. Some of t he corrosion readings may 

al so be re lated to the bottom mat of steel as ev idenced by the presence of 

occasiona l corrosion stains on the bottom of the deck. The potential 

measurements can be seen in Appendix B on page 18. 

The concrete samples were taken at locations five feet from the right hand 

curbline and in the right wheelpath of the travel lane, 13 feet from the 

curbline . A tota l of 16 samples were taken at the 1/4 to 1 inch depth and 

a similar number were taken at the 1 inch to 2 inch depth. 

The results of chemical analysis can be seen in Append ix c on page 19. 

The average Cl content at the 1/4 to 1 inch depth was 1320 parts per 

million (ppm)* in the wheel path and 934 ppm at the five foot offset. The 

area without treatment revealed 1838 ppm in the wheel path and 1235 ppm at 

*To convert ppm Cl to pounds per cubic yard of concrete, divide ppm by 250. 
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the five foot offset . Chlorid~ values at the 1 to 2 inch depth averaged 446 

ppm in the wheelpath and 463 ppm at the five foot offset as compared to 230 

and 148 ppm in the untreated area. Such results i ndi cate that the sealant 

was successful in reducing the rate of Cl- intrus ion by an average of 26 

percent in the top inch of concrete but it did not reduce the contamination 

level at the one to two inch depth. T~e higher Cl content in the wheelpath 

is believed to be caused by the pumping action of the traffic rather than 

a suspected loss of the treatment due to traffic wear. 

The test results indicate a heavier appl ication of the material did not pro

vide an improvement in waterproofing qual i ty . Areas with application rates 

of 75, 88 and 89 square feet per gal lon revealed an average of 1507 ppm in 

the top inch in the wheelpath as compared to a 1485 ppm average in areas 

treated with 121, 137 and 162 square feet per ga llon. 

As noted earlier, the application was made as directed by the technical rep

resentative of t he product manufacturer even t hough the concrete had a high 

moisture content due to water blasting, flushing and rainfall the previous 

day. However, the test results indicate there was improved performance where 

the concrete was allowed to dry longer prior to treatment . Areas treated 

an average of one hour and 35 minutes after all areas were surface dry revealed 

an average of 1392 ppm Cl in the top inch of concrete. In comparison, areas 

treated an average~of four hours and 30 minutes after all areas were surface 

dry revealed an average of 1052 ppm Cl-. The longer drying t ime prior to 

treatment resulted in a 24 percent reduction in the level of Cl contamin

ation. Such results are in agreement with the manufacturer's current policy 
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which requires that the concrete surface be allowed to dry at least 24 

hours under good drying conditions before starting an application. The 

policy was established recently when it was determined that concrete with 

measurable amounts of water in th~ near surface region interfered with 

the silane reaction below the surface. The silane reaction at the surface 

would not provide suff icient long term protection due to the combination 

of traffic wear and untraviolet radiation. 

CONCLUSIONS 

This field test of Chem-Trete BSM Weatherproofing Solution supports the 

following conclusions: 

1. Chem-Trete BSM was very easy to apply, however, proper 
preparation of the concrete surface was difficult and 
labor intensive . 

2. Heavier applications of the material did not improve the 
waterproofing quality. 

3. The material performed better when the concrete was allowed 
to dry longer prior to treatment. 

4. The material reduced the rate of chloride intrusion by 
approximately 25 percent in the top inch of concrete. 

5. The performance of Chem-Trete BSM was not satisfactory on 
this field test. 
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RECOMMENDATION 

Chem-Trete BSM is not recommended for general use. The product is recom

mended for additional field testing if proper control of various job con

ditions can be assured . Such conditions would include the following: 

1. Ambient and surface temperatures between 40°F and 90°F . 

2. Surfaces to be treated shall be allowed to dry at least 24 hours 
under good drying conditions . 

3. No rain forecast within six hours following the application. 

4. No moderate to high winds expected during the application . 

FOLLOW-UP 

Thi s project will cont inue to be monitored until retreatment or reconstruction 

is carried out . 
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APPENDIX D 

CATEGORY II EXPERIMENTAL PROJECT 
PENETRATING SEALER FOR STRUCTURAL CONCRETE 

WORK PLAN 82-R-20 

OBJECTIVE OF EXPERIMENT 

To eval uate the performance of a propri etary weatherproofing sol ution appl i ed 
as a penetrating sealer on a new Portland Cement Concrete deck surface. 

PROJECT 

Georgia-Swanton IR 89-3(4 ). 

PROJECT LOCATION 

On In terstate 89 in the Towns of Georgi a , Fairfax, St . Albans and Swanton. 

EXPERIMENTAL WORK LOCATION 

The experimental product shal l be appl ied on the center span of Bridge 
No. 87-N, the I-89 northbound structure over Vermont Rte. 104 in Fairfax, an 
area of approximately 2700 square fee t of new deck surface which wi l l be ex
posed to traff ic. 

MATERIALS TO BE USED 

Chem-Trete Silane weatherproofing solution ma nufactured by Dynami t Nobe l of 
Ameri ca , Inc . and distributed by Northeast AR, Inc., 780 Main Street , Box 346, 
Wi nchester , Ma . 01890 . Phone (617) 729-9277. 

APPLICATION PROCEDURE 

Appl i cation of t he weatherproofing solu t ion sha l l be as recommended by t he 
manufacturer/distributor. 

CONTROL SECTION 

COST 

The control section shall consi st of a smal l area of deck left untreated for 
the purpose of comparing t he ra te of chloride penetration between treated and 
un treated areas. 

Th i rty gall ons of Chem-Trete Silane required at an estimated cost of $51. 50 
per ga l lon. 
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Vermont A.O. T. 
Work Plan 82-R-20 

DATE OF APPLICATION 

APPENDIX D 

Date: September 15, 1982 
Page: 2 of 2 

The application shal l be completed prior to October 1, 1982 . 

DURATION OF STUDY 

The project will be evaluated for the length of time required to obtain 
valid concl usions on the performance of the experimenta l treatment. 

SURVEILLANCE 

The project wil l be monitored at least once yearly for the dura tion of the 
study. Evaluations shall include sampl ing of the concrete at various depths 
to determine the presence of chloride and the rate of penetration. The 
results wi l l be compared with permeabi l i ty rates recorded on ot her exposed 
concrete decks. 

REPORTS 

Reports will be submitted to the Federa l Highway Administration when con
clusions can be drawn on the performance and cost effectiveness of the 
experiment al treatment . 

Material s & Resea rch Di vi sion 
Agency of Transportati on 
September 16, 1982 

~ fi'f:rSh/11..1. Y' A P?.t?ovt:b 
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Revi evJed By: 

R.F. Nicholson, P. E. , Mater1a s & Research Eng . 
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