
PERFORMANCE OF WATERPROOFING 
MEMBRANES ON CHLORIDE 

CONTAMINATED BRIDGE DECKS 

INTERIM REPORT 90- 3 

FEBRUARY 1990 

Reporting On Work Plan 88-R-07 
HPR Part II Study 

Research Project 56-11 

STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS AND RESEARCH DIVISION 

Paul R. Philbrook, Secretary 
Robert L. Merchant, Acting Director of Engineering 

Milan W. Lawson, P.E., Materials and Research Engineer 

Prepared By 
Ronald I. Frascoia 

Research and Development Supervisor 

Milan . awson , P.E. 
Mater"als and Research Engineer 



1. Report No. 

4. Ti tle and Subtit le 

Performance of Waterproofing Membraneson Chlori de 
Contaminated Bridge Decks 

7. Author(s) 

Ronald I. Frascoia 
Doc:.llarrh J. O"'vlll <;unorvic::nr 

9. P e rforming Orgonl zatlon Name ond Addreu 

Vermont Agency of Transportation 
Materials & Research Division 

TECHNICAL REPORT STANDARD TITLE PAG E 

3. Re cip ient' s Ca ta log Na. 

5. Report Do te 

J:"ghruarv lQQO 
6. Perfonnlng Orgonirotlon Code 

8. Performing Organization Report No. 

QO - ~ 
10 . Work Un it No. 

1 1. Contract or Gtont No. 

133 State Street H P 0 
_Montpe 1 i er, VT . 05602 13. Type of Report ond Period Co ... ered 

~~~--------------~----------------------------~ 12. Spons oring Agency Name and Address 

Federal Highway Adminstration 
Research I Development, Structures Division 
Washington, DC 20590 14. Sponsoring Agency Co<le 

IS. Suppleme nta ry Notu 

FHWA Technical Coordinator, Mr. Y. Paul Vinmani 

16. Abstra ct 

A field evaluation program was established to determine the effectiveness of 
Vermont's bridge deck rehabilitation procedures. The major objective was to monito 
areas of the decks which had high chloride(Cl-) levels and active corrision poten­
tials but were not repaired due to the absence of any concrete delamination. 

Initial research documented two cases where corrosion activity had been great y 
reduced on high Cl- content deck concrete that had been waterproofed 11 and 13 
years earlier without the benefit of any concrete repair. 

The current study includes decks rangi ng from 17 to 36 years in age contai nin 
Cl- levels ranging from 0. 1 to 16. 6 lbs percy at the rebar level . Surveillance 
included detailed monitoring of corrosion voltage potentials at a one foot grid 
interval prior to the application of the waterproofing system and pavement over-
lay with yearly evaluation intervals thereafter. · 

The field testing has revealed .a 105 millivol t average reduction during the 
first year of protection on 5 of the 6 decks. Potentials were reduced below the 
-0.35 volt active level at 941 of the locations. Smaller but continued reductions 
were recorded after the second and third year of service . Membrane watei-proQfing 
did not reduce c~rrosion .potentials on a bridge deck which exhibited significant 
bottom mat corrosion. 

If the reduction in corrosion .potentials is being acca.Panied by a 
corresponding drop fn the rate of -corrosion, partial deck ·repair and waterproofing 
will provide a much longer service life than most Agencies are anticipating. 

17. Key Words 18. Distribution Sta tement 

deck rehabilitation, chloride, 
membrane waterproofing, 
corrosion potentials 

No Restrictions 

19. Security Ciani f. (of this •• port) 20. Security Clouif. (of this poge) 21. No . of Pages 22. Price 

unclassifi~d unrl:.c::c::if'iDtf 11 
Form DOT F 1700 ~7 18·691 



TABLE OF CONTENTS 

Standard Title Page. 

Introduction. . . . 

Waterproofing Performance. 

Evaluation Procedure • 

Performance Results. 

Preliminary Findings And Conclusions . 

Follow-Up .... 

Recommendations. . . 

DISCLAIMER 

i 

. • 1 

. 3 

5 

6 

. 8 

. . 10 

.10 

"The contents of this report reflect the views of the author 
who is responsible for the facts and accuracy of the data presented 
herein . This report does not constitute a standard~ specification~ 
or regulation. Anyone other than the Agency using this report 
does so with the awareness that the Agency does not guarantee 
the opinions~ findings or conclusions contained herein." 



INTRODUCTION 

The desire to provide at least 50 years of corrosion-free 

service life for new reinforced concrete bridge decks has 

resulted in the development of numerous protective strategies 

including epoxy- coated reinforcement, low slump , dense or 

latex modified concrete, waterproofing membranes , increased 

rebar cover depth, and others . Sufficient performance 

information exists to suggest that , under suitable conditions 

and proper installation , the protective strategies can provide 

the desired service or at least a reasonable maintenance free 

l i f e . (1) 

In contrast, l ittle can be found documenting the actual 

or predicted service l ife of trea t ments applied on Cl­

contami nated bridge decks lvhere the Cl- content exceeds t he 

1.3 lb/ cy corrosion thr eshold l evel at the top mat of 

rei nfo rcing steel. In fact , most investigations h ave 

concluded that rehabilitation procedures which remove part but 

not all of the Cl- contaminated co n c rete will result in 

failure unless other technologies, suc h as cat h odic 

protection , are included in the treatment . 

Due in large part to t h e lack of adequate funds, state 

and local h ighway agencies have generally specified removal of 

on ly the dis tressed concrete , even though only a relatively 

s horL maintenance free life could be anticipated. Vermont and 

a few other states have also chosen to remove concrete from 

areas with corrosion pote ntial s of - 0.35 volts or greater 
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assuming such areas would eventually develop fracture planes 

due to the presence of rebar corrosion. In Vermont , such 

treatment is followed by t h e placement of a waterproofing 

membrane and asp h alt over lay since i t h as b een we ll 

documented(~) that such treatme n t is capable of preventing the 

intrusion of s ignific ant a ddi tiona l c hlorid es (see Figure 1). 

FIGURE 1 

Performance Of Waterproofing Membranes On New Bridge Decks 
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Resul ts based on 2558 fie ld samples t aken from 69 bridge decks project that 
Cl- contamination wi l l reach t he 325 ppm corrosion threshold level in t he 
top inch of concrete after 85 years of service . The contamination levels 
are not increasi ng at the 111

- 211 depth . 
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As the dec k rehabi litation program increased in s ize , it 

became more i mportant to know how effective the treatme n t 

po licy was and how many years of maintenance free li fe it 

would provide . Of additional concern was the escalating cost 

of concrete removal, which had risen from $29.00 per s.y . in 

1983 to an average of $140 . 00 per s .y . in 1987 , even t hough 

ma ny of t he contractors h ad swi t c h ed over to the use of 

hydrodemolition which was less labor intensive. 

Although good correlation was found between active 

corrosion values and concrete deterioration, c l ose inspection 

o ften revealed t hat a r eas with potentials under -0 . 40 volts 

had not yet resulted i n t he deve lopment of fracture planes in 

t he concrete. Such conditions raised t he question: Was it 

necessary to remove Chloride conta minated c oncre t e whe re rebar 

corrosion was present but the concrete was still sound? The 

answer , of course, would depend on whether the rehabilitation 

treatment used would r eta rd or stop ongoing co r rosion 

activity. If it couldn't, t he n fracture p l anes would develop 

a nd maintenan ce would be requ ired . 

WATERPROOFING PERFORMANCE 

A search o f the available literature on t he performa nce 

of waterproofing on Chloride co n taminated decks r evealed 

studies i n Kansas (~.) a nd Illinois ( i) that concluded such 

treatment was cost effective . However , n eit h e r study 

identified a definite reduction or e l imi n ation of ongoi n g 

corrosion where Cl- contaminated concrete remained i n place . 

The first experience (~) , which s uggested waterproofing 
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could reduce corrosion act i v ity , involved a 35 year o ld deck 

containi ng an aver age of 3 . 6 pounds o f C1- at t he rebar l evel 

and corrosion activity on 84% of t h e area. Alth ough t h e deck 

had been waterproof ed i n 197 3 without benefit of any concrete 

repair , removal of the pavement a nd membrane 13 years later 

revealed that corrosion activity h ad decreased from the 84% 

l evel to less t ha n 10% of t he d eclt area. The reduction i n 

cor rosion activity had occurred even t hough 75%± of the rebar 

exp osed during concrete repair revealed v i s ual signs of 

cor rosion, including s ufficient loss of r ebar cross sect i on to 

require repl aceme n t of some bars. 

A second c ase (~) involved a three span structure whic h 

was rehabi litated by District maint enance fo rces in 1976 . 

Problems with t h e d eck i nc lude d severe scali ng of th e 

concrete, corrosion activity on 1/3 or more of the deck a nd 

Cl - levels up to 6 .1 pounds per c . y . at the 2" to 3" depth . 

The rehabilitat ion treatment included removal of some but not 

a ll of the d elami nated areas and s hal l ow patching of scaled 

areas a l ong the c urb line. Whe n the structure was l et for 

contract rehab i litation 11 years later in 1987, a detailed 

study was conducted on the a r ea of the deck whic h had b een 

waterp roofed with a performe d s h eet me mbr a n e . Th e study 

r evealed the protected area was free of concrete de lamination. 

Corrosion act i vity had dropped from 34% to 2%, despite the 

fact that t he concrete contained an average of 2 . 9 pounds of 

Cl- per c .y. of concrete at t he rebar l evel . The a r ea of the 

deck not protected tvi th the s heet membrane h ad continued to 
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deteriorate with virt ua lly a l l of t he earlier p atc h es 

suffering delamination and corros ion activity remaining on 

ove r 90% of the area. 

Based on the results obtained i n the two c ase studies , a 

number of bridges unde r contract for deck rehabil itation were 

selected for inclusion in a detailed performance study . 

The decks sel ected ranged from 17 to 36 years in age at 

t he time of r e pair. They had been exposed to deic ing sal t 

applications averaging 30 tons per two- lane mile per year , 

which ha d resulte d in Cl - l evels ranging up to a maximum o f 22 

lbs. per c . y . at t he rebar leve l. Typical areas tvhic h were 

not repaired containe d Cl- c ontents ranging from 0.1 to 16.6 

pounds p e r c .y. at the 1" to 2" depth . 

EVALUATION PROCEDURE 

The s urve illance included d e tailed mon itor ing of th e 

extent of concrete r epair and c opper-copper sulfate ha lf-cell 

readings at a 1 foot grid interval before r epair and after 

r e ha bil i tation just prior to t he appl icat ion of a performed 

s heet membrane waterproofing s ystem. 

The fo l low-up testing was c arri e d out at locations where 

Cl- con t aminated conc rete was not removed and active corrosive 

values had b een record e d pr io r to waterproofi ng . In many 

cases , the retests were t a k e n at locations immediately 

adjacent to areas which h ad been repaired due to t he pres e nce 

o f concret e dela mi nation. 

Because t he presence of the membrane preven ted completion 

o f the circuit , it was necessary to modify the standard me th od 

of ob taining the half-cell potentials of th e reinforcing 
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steel. The procedure was accomplished by boring a 3/4" hole 

through the bituminous pavement and membrane to the concrete 

deck. A plastic pipe nipple with sponge insert was utilized 

to provide the necessary electrical circuit without saturating 

the sample hole with water. After testing , the holes were 

blown dry and sealed with a self leveling, one-part 

polyurethane sealant. 

PERFORMANCE RESULTS 

The results of t he first retests obtained in 1987 were 

very promising since all corrosion readings had dropped on two 

of the three decks tested. Additional decks were added to t he 

study in 1987 and 1988 . The first year of service resulted in 

a 0.105 volt reduction of corrosion activity from t he initial 

average value of -0 . 389 volts to -0.284 volts on five of the 

six decks tested . Active potentials of -0 . 35 volts or greater 

were only recorded at six of the 98 test locations . 

The second year of testing produced a further averag e 

reduction of 0 . 034 volts with the 72 locations tested 

averaging -0 . 250 volts. Two of the three decks tested the 

third year revealed average r eductions of 0.004 volts and 

0.036 volts from the previous year . 

It is b e lieved that th e reductions in the corrosion 

potentials are the results of reducing the oxygen and moisture 

s upply available at the rebar . However , other researchers 

have s ugge sted that pass ive protective treatments applied over 

salt contaminated decks have reduced the level of corrosion 
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actjvity for a year or more but then the potential l evels have 

rebounded . Knowing that more long term exposure information 

was needed, testing was carried out on I 91 BR 8N which had 

been rehabed 49 months earlier . Thirty-eight tests were taken 

t-~ithin areas whic h previously had active corrosion. The 

resulting retest values averaged -0. 214 volts with only one 

value over -0.300 volts . Such results indi cate no rebound in 

corrosion potential activity and suggest that the potential s 

are decreas ing in ratio to the l ength of time t he deck surface 

has been sealed from the penetration of moisture and the re-

suppl y of oxygen . 

FIGURE 2 
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One of the seven decks under study , Bridge 55 on Route 

2, did not respond to the rehabilitation treatme n t with t he 

same positive results. In contrast , t h e corrosion potentials 

increased at most test locations after one year of service 

with the average values up 0.0 19 volts . 

A slight decrease was record ed after three years o f 

service but o nl y 4 of the 19 locations tested had dropped 

below the 0 . 35 volt l evel. 

The p oor per formance occurring on Bridge 55 i s be l ieved 

to be due to bottom mat corrosion . Full depth repairs at some 

locations d u ri n g t h e rehabi l itation revealed significant 

corrosion on some bottom mat bars . In addi tion 1 crack s a nd 

corrosion stains remain visible at ma n y l ocations on t h e 

bottom of t he deck. 

The experience gained on Bridge 55 does serve to cau t i on 

t hat parti al repair a nd l-Jaterproof i ng may not provide long 

term perfor mance on decks where corrosion a nd Cl - are present 

at both top and bottom mats of steel. In such cases 1 it may 

be necessary t o sea l th e bottom of t h e dec k to r e d u ce 

corrosion activity by preventing the movement of oxygen to t he 

bottom mat of steel . Such treatment could be achieved with 

t he spray application of a polyu rethane or similar material. 

PRELIMINARY FINDINGS AND CONCLUSIONS 

Sig n ificant findings docum e nted to dat e include the 

follm-1ing: 

1 . Co rrosio n po t en tials were r educed an average of 105 

8 



millivolts during the first year of protection on five study 

decks which had been exposed to deicing chemicals for an 

average of 24 years . 

2. Corrosion potentials were reduced b elow the -0 . 35 volt 

level at 94% of the test locations after one year of 

protection. 

3. Smaller but continu ed reductions were recorded after the 

second and third year of protection . 

4. Corrosion potentials were not reduced by a significant 

amount on a bridge deck which exhibited a serious amount of 

bottom mat corrosion. 

If it can be assumed that the reduction in corrosion 

potentials is being accompanied by a corresponding drop in the 

rate of corros ion, t he following conclusions may be drawn: 

1. A properly selected and applied waterproofing system can 

lower corrosion activity to non-destructive levels in chloride 

contaminated b~idge decks. 

2 . Concrete removal is not required where active corrosion is 

present in sound concrete if the rehabilitation includes 

t-7a terproofing . 

3 . The difference in c h loride content between the old concrete 

and new concrete patches will not accelerate corrosion in the 

old concrete if the deck is sealed properly. 

4 . Partial repair and waterproofing will provide a muc h longer 

service life than the 15 years estimated by most agencies 

utilizing the treatment . 
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FOLLOW-UP 

Future research will include rate of corrosion 

measurements using a 3LP-NB2 Corrosion Rate Meter and the 

installation of corrosion probes in rehabilitated bridge decks 

to determine if the waterproofing treatment is reducing the 

rate of corros i on. A minimum of five additional decks will be 

i nc luded in the study and c orrosion potentials will a l so be 

recorded on the bottom of the decks to comple ment surface 

readings . 

RECOMMENDATIONS 

Addit ional resea rch is needed to quantify the oxygen and 

moisture levels required to suppor t the corrosion of steel in 

concrete. Su c h information might exp l ain the successes 

reported in this field study and could result in more 

widespread use of rehabi l itation procedure which appears to be 

an economically feasible me t hod of saving , or at l east 

extending the life of, the thousands of bridge decks built 

before the u se of p rese nt day protective sys tems. 
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