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Field Performance of Experimental 
Bridge Deck Membrane Systems 

in Vermont 

BY 

Ronald J. Frascoia 

Introduction 

Vermont's membrane evaluation program began i n 1971 with t he application 

of two experi mental sys t ems on four neH bridge decks. From that point to the 

present, a total of 33 different syst ems have been field applied on 69 net<7 

Portland Cement Concrete bridge decks. The products have included 15 preformed 

systems; 7 epoxies, 5 hot applied materials, 4 polyurethanes , and 2 tar emulsion 

systems. Because the membrane sys t ems l<7ere considered experimental, the applica-

t ions ~~ere closely monitored and r eported under the National Experiment a l and 

Evaluation Program #12, Bridge Deck Protective Systems . The information includ-

ed background data on deck constructi.on, concret e test results, condition of 

the decks, membrane product data, laboratory test results, observations made 

during the membrane applications, cost information, preliminary field test re-

sults and discussions on the applications. Summaries of each membrane system 

were concluded t<Jith recommendations on further use. 

Field Evaluati on Procedure 

Follol-1-up field evaluations of the membrane systems began in 1975 on pro-

ducts to~hich were exposed to a minimum of ttm t<linters of deicing chemical appl ic-

a tions . The investigat ion that year included 22 bridges to~hich had been to7ater-

proofed t<7ith 14 different membrane systems. Field testing i n 197 6, 1971 and 1978 

included 37, 34, and 47 struc tures respectivel y. Through the present date, field 

performance results have been obtained on 27 of the 33 exper imental systems in 
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place . 

Field testing the first tt-10 years included electrical resistivity readings, 

e l ectrica l half cell potentia l r eadings, and the r ecovery of concr ete sampl es 

f or t he de t ermination of chloride content by He t chemica l anal ysis. Comparisons 

were made be tween the r esistivity readings and the chloride leve ls det ected a t 

specific res istivity t est locations. Hhen correla tion between the tl·lo t est Meth

ods lMS found to be less than 60 per cent, resistivity t esting \olas deleted from 

the evaluation program in the following years. 

Steel potential readings obtained at the same grid points as the r esi s tivi

ty tests were all below the 0- .35 volt level considered to be the corrosion 

threshold. Such readings ,.,ere in agreement lvith the core results which indicated 

chloride levels were insufficient to cause corrosion of the reinforcing steel. 

For the past tl<~O years (1 977-1978) , the performance of the various membrane 

systems has been considered only in relation to the presence or absence of chlo

ride above base levels as deterntined by chemical anal ysis of recovered concrete 

samples. Such samples were taken at points 1, 5 & 15 feet off the curb line. 

The 1 foot offset was selected because of the potential for leakage at the crit

ical curb line area while the 15 ' offset establishes membrane performance in the 

wheel path area which is subject to aggregate puncture under continuous traffic. 

The 5 foot offset is located in the breakdm-m lane where satisfactory performance 

,.,ould be expected if the membrane \·las not damaged during paving or laterial leak

age did not occur. In most cases the test areas were located on the low end of 

the decks where chl oride concentrations would be heaviest. Where s uperelevations 

resulted in drainage away from the breakdolm lane, concrete samples for chemical 

analysis were obtained from the opposite curb line. The pulverized concrete 

samples ,.,ere procured from 0-1 inch and 1-2 inch depths ,.,ith the aid of a rotary 

hammer and 3/4 inch carbide tipped twist drill. The overlying bituminous pave

ment was removed by the same procedure follm.1ed by cleaning '-1it h a blm1 out bulb. 
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II. depth gauge attached to the drill ~·Tas used to obtain t he prop er dept h. A 

metal t emplate Has used to catch the pulveri zed sample brough up by t he bi t . 

Nateri a l r emaining in t he core hol e v7as removed Hi t h a scoopul a and bl mo1 out 

bulb. Core hol es t•rere pa t ched tdt h a quick-set cement . 

A wet chemical analysis was used to determine the total chloride content 

in the recovered concrete samples. The basic procedure consisted of freeing 

chloride iron with nitric acid, adding sil ver nitr ate solution, filt ering , and 

titrating ~V'ith a solution of ammonium thiocyanate. 

Membrane Performance 

At t he present time, field tes t result s have heen obta ined on 46 of the 

69 experimental bridges t..rhich t..rer e subjected to an average of 3. 7 ~-linters of 

deicing chemical applications in which chloride applicati ons averaged over 30 

tons per two lane mile per year. The test results over the past four years 

which include 27 of the 33 produc t s in use reveal that chloride contamination 

has occurred in the top inch of concrete at 38 per cent of all locations tested 

(see summaries on pages 9 and 10). The amount of chloride above the base level 

averaged 88 ppm or 0.35 pounds of chloride per cubic yard of concrete in t he top 

inch of the contaminated samples. Seven percent of the 359 test l ocations exhi

bited chloride l evels over one-half pound in the top inch of concrete with the 

highes t reading recorded at 1.8 pounds. Contamination in the second inch of con

crete tolas found on 19 percent of the cores ~1ith chloride levals averaging 70 ppm 

above base levels or 0.28 pounds per cubic yard of concrete. Chloride levels 

slightly over one- half pound \-lere recorded on 2 percent of the samples. The 

difficulty of obtaini ng a satisfactory seal along the curb lines was evidenced 

by the detection of contamination in 54 percent of the cores taken at the one 

foot offset. Such cores made up 47 percent of all the contaminat ed samples while 

28 percent \o7ere located at the 5 foot offset and the remaining 25 percent tJere 

at the 15 foot offset. 
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When the effectiveness of the various membranes are considered by general 

type, the best performance to date has been provided by the hot applied ma

terial s lvhich have been exposed to an average of 4. 7 tolinters of deicing salt 

applications. Contamination has been limited to 24 percent of the samples 

taken from the top inch of concrete \.,rith an average of less than 1/4 pound of 

chloride found in the contaminated cores. The test results to date shm-1 that 

Uniroyal 6125 and NEA 4000 are two of the more promising hot applied material s 

avail able for use. It should be noted t hat neither product is recommended for 

s uperel evat ed structures or on p,rades in excess of 3 percent .due to the potential 

f or stability problems t.;rith t he bitumi nous overlays. 

The standard preformed membranes (H.D. Bituthene, Protecto l~rap 't-1400 , 

Royston No. 10) were nearly as effective as t he the r1nopl astic or thermosetting 

material s follm.;ring an average exposure of 3.4 \<linters. Contamination \olaS limit

ed t o 24 per cent of the samples from the 0-1 inch depth and 8 percent from the 

second inch with less than 1/3 pound of chloride found in the average contaminated 

sample. Fif ty percent of the contaminat ion was found along the curb.- lines \•Ihere 

it is hoped that more recent insta lla tions \olfll be more effective since t he spe

cification now requires the use of compatible liquid polyurethane sealants along 

the membrane perimeter and verti cal curb face. Poor performance has been obtain

ed \-lith all three products af t er five to1inter s exposure. Further testing tvill be 

required to determine if such results occurred due to specific conditions or if 

t hey are an accurate indicator of the effective life of the three products. 

The five vulcanized, cured or cross-linked preformed elastomer systems se

lected as the mos t promising membrane material s under Phase I of the NCHRP Pro

ject 12- 11 have prevented chloride intrusion on 67 percent of the cores after an 

average of three wi nters exposure. Leakage detected on three of the five systems 

may have been due in part to blisters "~>7hich occurred dur ing and aft e r the instal 

l a tion of the first one inch course of pavement. 
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Four polyurethane systems have prevented chloride intrusion on 59 percent 

of the samples taken after an average of 3.4 winters. At the present time, 

Duralseal 3100, a 100 percent solids ntaterial appears to be the most promising 

t·7ith no leakage detected through four winters exposure. 

Epoxy and tar emulsion systems prevented intrusion on 47 and 45 percent of 

the samples respectively. Chloride levels averaged 1/3 pound with the epoxy 

products after an average of 3.2 \<Tinters. The structures treated tolith tar emul

sion revealed an average of 0. 45 pounds chloride in contaminated samples follm.r

ing an average of 4.6 years. 

Summary 

Vermont's experimental membrane evaluation program currently includes 33 

different systems t.rhich have been field applied on 69 neH bridge decks. Field 

performance results have been obtained on 27 of the 33 products in use. Such 

results obtained over the past four years rev~al that chloride contamination has 

occurred at 38 percent of the test areas follot,;ring an average of 3 . 7 tvinters of 

deicing chemical applications . Contamination above base levels averaged 88 ppm 

or 0.35 pounds of chloride per cubic yard of concrete in the top inch of contam

inated samples. The difficulty of obtaining a satisfactory seal along curb lines 

tvas evidenced by the detection of contamination in 54 percent of all cor es taken 

at the one foot offset . 

The ho t applied materials have provided the best performance to date \-lith 

contamination limited to less than 1 I 4 pound of chloride in 2<'• percent of the 

samples after an average of 4. 7 tolinters. The standard preformed membranes \vere 

nearly as effective with an average of less than 1/3 pound of chl oride found in 

the top inch of 24 percent of all samples . Fair performance has been obtained 

tolith the five preformed elastometer systems selected as most promising under 

Phase I of NCHRP Project 12-1 1. 

The polyurethane systems have prevented chloride intrusion at 59 percent of 
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the test locations with one of the four products 100 percent effect i ve t hrough 

four '-Tinter s of exposure. Epoxy and tar emulsion systems were generally not 

satisfactory with cont amination f ound at 53 and 55 percent of all test locations . 

I n genera l, the performance of the various products has been l ess than 

satisfactory although a few of the materials have been effective enough t o be con

sidered accep t abl e bridge deck protective systems . 
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VERMONT AGENCY OF TRANSPORTATION 
BRIDGE DECK MENHRANE EVALUATION PROGRAM 

JULY 1971 - OCTOBER 1978 

TYPE NO. OF NO. OF 
SYSTEM PRODUCTS TRIAL BRIDGES 

PREFORNED 15 38 

EPOXY 7 8 

HOT APPLIED 5 9 

POLYURETHANE 4 7 

Et-1ULSION 2 7 

TOTAL = 33 PRODUCTS ON 69 BRIDGES 

LIST OF PRODUCTS APPLIED 

Preformed Nembrane Syst ems 

Heavy Duty Bituthene 65 mil reinforced rubberized asphalt 
Protecto Wrap M 400 70 mil reinforced t ar & synthetic resin modified 
Royston No . 10 75 mil reinforced bituminous 
Royston No . 10 P.V . 75 mil prevented reinforced bituminous 
Royston No . 15 60 mil prevented reinforced bituminous 
Nordel 65 mil reinforced non-cured hydrocarbon rubber 
Ryload 125 125 mil pitch and poly vinyl chloride polymer 
Gacoflex N-35 1/16 i nch cured & buffed neoprene rubber 
Sure- Seal Butyl 65 mil vulcanized butyl rubber 
Sure-Seal EPDM - 65 mil cured Ethylene- Propylene -Diene-Nonomer 
Butylfelt 60 mil butyl rubber and felt l aminate 
Hydro-Ban RUN-45 45 mil reinforced PVC and butyl rubber 
Tri-Ply 62 mil butyl neoprene 
Polyguard 860 - 60 mil reinforced tar r esin 
Me lnar 8 165 mil reinforced rubberized asphalt in semi-ri gid 4 by 8 foot panels 

Polyurethane Membrane Sxstems 

Polytak 165 asphalt modified polyurethane 
Bon-Lastic t-1embrane tar modified polyurethane 
Duralseal 3100 100 per cent solids polyurethane 
Chevron Bridge Membrane - asphalt modified polyurethane 
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Thermoplastic or Thermosetting Membrane Systems 

Uniroyal 6125 195 mil hot applied rubberized asphalt 
Hot Asphalt & Glass Frabric 5 layer built up system 
NEA 4000 90 mil singl e component PVC Polymer 
Petromat non-,voven polyproplene fabric & asphalt content 
Gussasphal t 2 inch mastic type paving mixture 

Duralkote 304 
Duralkote 306 
Duralbond 102 
Rambond 620-S 
Rambond 223 
Ramcoat Epoxy 
Polyastics 

Epoxy Membrane Systems 

solvent cut epoxy 
coal tar modified epoxy 
100 per cent solids epoxy 
100 per cent solids epoxy 

100 per cent soli ds epoxy 
Paint solvent cut epoxy 

solvent cut epoxy 

Tar Emulsion Syst ems 

Tar Emulsion 2 coats at 0. 1-0.2 gal. per coat 
Tar Emulsion & Gl ass Fabric 7 layer built up system 
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l~embrane Type 

Standard 
Preformed 

Project 12-11 
Preformed 

Polyurethane 

Thermopl ast ic 
or 

Thermosetting 

Epoxy 

Tar 
Emul sion 

Hei9hted 
Average of 
Al l Systems 

SUf1W\RY OF 11EI1BRAilE PERFORI 1/\NCE BY CLASS 
13ASED UPOt! CHEt-11 CAL Af!AL YSIS OF CORES 

Average 
\·linters Cl 

Appli E:d 

3.4 

3.0 

3.4 

4.7 

3. 2 

4.6 

3. 7 

-9-

% Cores 
Contaminated 

0- 111 l "-2" 

24 8 

33 10 
I 
I 

41 30 

! 

24 9 

53 28 

55 33 

38 19 

l'..ve . Cl- in 
Con taminated Cores #Icy 

0-1" 1"-2 11 

0 .32 0.31 

0.58 0.42 

0.28 0. 24 

0.23 0. 22 

0.32 0. 21 

0.45 0.36 

0. 35 0. 28 



SUI·ii·1ARY OF 11EIIt!3RAIIE PERFORI1ANCE 
BY CLASS AFTER A SP ECIFIC NUMBE R OF 

YEARS OF SERVICE 

TY PE ~JI NTERS NO. OF % COR ES AVE. C1- IN TOP INCH 
SYSTEM SALTED BRIDGES CONTAI~ I NATED OF CONTAI1INATED CORES 

2 8 4 0. 22 #Icy 
PREF0Rt1ED 3 9 10 0.25 #/cy 
1'1EI·1BRANES 4 14 28 0.40 #fey 

5 3 100 0.46 #/cy 

IKHRP 2 5 13 0.52 #/cy 
PROJECT 12-11 3 5 53 0.60 #Icy 
1•1 E~18 RAI~ ES 4 3 34 0.64 #/cy 

2 3 11 0. 38 #Icy 
POLYURETHANE 3 4 17 0. 15 #/cy 
I~EMBRANES 4 4 58 0.32 #Icy 

5 2 100 0.32 #Icy 

3 3 44 0.32 #Icy 
THE RI~OP LAST I C 4 5 27 0.31 #/cy 
OR 5 3 0 0 
THERMOSETTING 6 2 17 0.22 #/cy 

7 2 33 0. 23 #Icy 

EPOXY 2 6 28 0.24 #/cy 
SYSTEI~S 3 8 55 0.37 #fey 

4 8 63 0. 32 #/cy 
5 1 100 0.36 #fey 

3 4 25 0.40 #/cy 
4 6 50 0.42 #/cy 

TAR 5 6 72 0.34 #Icy 
H1ULSION 6 2 83 0. 77 #Icy 

7 2 50 0. 66 #fey 
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0 
:z: 
w 
~ 
a ,.._. 
a:: 
co 

11 

24 

25 

28 

29 

31 

SUl',:'.I\RY OF l;u · :~RJ,::E PLP.rOl<l·:/~IKE 
8/\SEO UPOII CHEI'. I CAL P.:U<.L YS J S OF CORES 

-- - -- -.-- ---- - -------- ---~---

1 FOOT 5 FEET 15 FEET 
OFF CURB OFF CURB OFF CURB 

a ..--.. 
w :z -,.._. 0.. t- --
_.J 0.. 
0.. .._... 

Chl oride 0.. Chl or ide Chl or ide 
<t _.J 

Content Content 1·\HIBRAtlE SYSTEI~ 
w Content 

I > ( PPI~ ) ...J w (PPM) (PPM) 
u _.J 

V) I 
a:: _.J AR EAS I·JITH CL-w u 
1- INTRUSION UNDERLII~E D :z: w ,_ V) 

1-2"~±· 
:::: <t 

co 0-1" ) - 2" 

STANDARD PREFORMED SHEET SYSTEMS 
-- r l 

----- ....., 

Heavy Du ty Bi t uthene 3 34 35 32 I 32 42 
65 Mil Preformed Sheet 4 8_1 53 36 32 35 43 

5 
I 

117 1 0~ 184 164 149 11Q 
I 102 

I 

6 143 _§~ ' I --

I I l 
I -

Rays ton No. 1 0 2 28 37 39 I 35 34 40 52 
I 

7 5 l~il Preformed Sheet 3 I 48 40 43 32 I 53 37 
4 

I 290 122 ' 78 83 8Q_ I 52 
5 105 1 119 ill 

I I I I i I I 

I ' 

I i I I Protecto Wrap M 400 2 28 
I 

32 46 1 44 21 I 37 40 
i 

70 Mi l Preformed Sheet 3 11 2 56 43 42 I 58 50 I I 

4 I 220 95 60 40 75 35 I 

5 - 151 185 ' 

I 
- I 

I I 

\ : I 

I I I I 

Royst on No . 10 2 61 70 50 73 67 60 56 
75 ~1il Prefonned Sheet 3 100 88 53 49 70 50 

4 2_50 83 56 49 71 58 
I 

I I I 

Heavy Duty Bituthene 4 
I 

44 105 60 102 58 77 52 
65 Mil Preformed Sheet 

! i i 

Protecto Wrap M 400 4 36 I 153 70 71 
I 

70 Mil Preformed Sheet 
69 102 90 

! I l 
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su;·,: '.ARY OF t:l: '.8R/,:ll PEP.FUi-:'-'./.tlCE 
BASED UPOtl Cll EI'd CAL /.!J\L YSI S OF CORES 

--- - --------- -- ..--- - -----------·-.------- --.- ------
1 FOOT 5 FI:ET 15 FEET 

0 
OFF CU RB OFF CURB OFF CURB 

w z ....... 0.. 
_J 0.. 
0.. Chlor ide Chl or ide 0.. Ch l or ide 

0 <::t _J 

Cont ent Content z 11H1BRAfi E SYSTEI1 w Cont ent 
I > ( P Pt1) { PPI1) w _J w {PPM) 

(-!:) u _J 

0 
(./) I 

~ 0:: _J AR EAS \·liTH CL-co w u 
I- INTRUSION UIWERLI NED z: w ,_. (./) 

1 0-1, I 
3: ex:: 

en 0-111 1-2" 1- 2" 0- 1" ) -211 

STANDARD PREFORMED SHEET SYSTEMS 

34 Protecto Wrap M 400 
70 11i 1 Preformed Sheet 

36 Heavy Duty Bi t uthene 
65 l~il Prefonned Sheet 

37 

42 

43 

45 

46 

Protec to Wrap M 400 

Protecto Wrap M 400 
70 Mil Preformed Sheet 

Prot ect o Wrap M 400 
70 Mil Preformed Sheet 

Heavy Duty Bituthene 
65 Mi l Preformed Sheet 

Royston No. 10 
75 Mil Preformed Sheet 

2 
3 
4 

2 
3 
4 

4 

4 

2 
4 

4 

4 
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I 52 i 50 
59 
60 

I 
61 i ill 

79 
72 

39 50 

56 25 

37 25 
42 

53 l£2 

65 72 

55 56 
51 71 
52 65 

80 70 
60 48 
52 59 

38 60 

23 40 

43 42 
38 32 

53 66 

77 83 

50 
49 
45 

65 
39 
40 

51 

40 

44 
32 

52 

55 
70 
76 

70 
38 
41 

48 

55 

28 
60 

36 

54 
49 
41 

70 
38 
41 

42 

49 

37 
25 

34 



0 
z: 
w 
<.!) 
0 ._ 
0::: 
co 

48 

52 

su:·:~r,RY OF 1\[!i,P,Hf"'tlE PERFORW\NCE 
BASED UPOH CHEf" I CAL /-.flAL YSI S OF CORI:S 

- ----------- - -
1 FOOT 

0 ...-. OFF CURB 
w ::£ ..... a_ -· _J 0.. 
0.. ..._.. 
0.. Chloride <( __J 

I~H1BRAilE SYSTEI~ w Content 
I > 
_J w ( PP~1) u _J 

(/) I 
0::: _J 
w u 

- -

5 FEET 
OFF CURB 

-
Chloride 
Conten t 

(PPM) 

AREAS HITH CL-
1-z w II'TRUSION UNDERLINE ...... (/) 

I 
::=: <( 

co 
0-1 11 1-211 0-111 1-2" 0 

STAnDARD PREFORI·1ED SHEET SYSTEI~S 

Protecto Wrap M 400 2 33 1 70 50 48 25 
70 Mil Preformed Sheet 3 75 48 57 39 ! 

4 65 51 63 60 

Protecto Wrap M 400 2 47 62 52 56 
70 Ni 1 Pl~eformed Sheet 

I 
L__ 
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15 FEET 
OFF CURB 

-----
Chloride 

Content 
( PPI~) 

D 

-l" ) - 2" 

---- -

35 25 
44 37 
58 56 

82 



. 
0 
:z: 
w 
~ 
a ...... 
~ 
co 

32 

--

33 

38 

39 

40 

-

su: : · ~f,RY Or f~ Ef ',Bf~AI/E PLRF0f-1·:.£..1KE 
CAS ED UPOrl CltCfJt l Cf\L A!~ALYSIS OF CORES 

- ·..----- --
1 FOOT 

a ....-.. OFF CURB 
w ;;:: ...... 0... 
_J 0... 
0... ..._.... 
0... Chloride c:I: _J 

1·1H\BRAflE SYSTEt~ w Content 
I > 
_J w (PPM) u _J 

(/) I 
~ _J 

w u 

---..-· 
5 FEET 

OFF CU RB 

Chl oride 
Content 

(PPM) 

AREAS 1•/ITH CL-

15 FEET 
OFF CURB 

Chloride 
Content 

(PPM) 

1-z I..LJ INTRUS ION UNDERLINE 0 
..... (/) 

3 c:I: 
CD 0-1" 1-2" 0-111 1-2 11 0 - 111 ]-211 

PROJECT 12-11 PREFORI~ED SHEET SYSTEt~S 

Hy1oad 125 2 68 s? 1 85 50 45 35 48 
125 f'1il PVC Polymer 3 60 50 1 54 44 348 200 

4 95 85 52 50 72 60 
I 

128 1 
I 

110 i Gaco-fl ex N-35 2 140 105 75 90 110 
65 ~il Neoprene Rubber 3 158 137 139 63 184 129 

4 I ~2Q 161 145 88 87 52 
I 

i ' 
I 

Sure-Seal EPDM 2 I 56 84 64 84 69 60 56 
65 Mil EPDM Rubber 3 I 97 95 110 83 122 93 

4 I 200 127 60 55 I 75 64 --

Sure-Seal Butyl 

l l 
I 

46 1 56 1 60 70 30 60 60 
65 Mil Butyl Rubber 114 105 96 51 93 68 

268 218 50 52 58 49 

Butylfelt 2 44 105 70 245 195 50 60 
Butyl Rubber & Felt 3 UQ 62 98 75 73 48 

4 59 56 54 45 39 39 

I 
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--

. 
0 
z 
I .U 
(.!) 
a ...... 
0:: 
co 

7 

15 

17 

30 

51 

53 

su:·.r '.AR Y OF f~ El ', BRAIJE PL RFOP.i·:/,iKE 
BASED UPON CHmiCAL AllALYSlS OF CORES 

---- --
1 FOOT 5 FEET 15 F 

OFF CURB OFF CURB OFF 
a .---.. 
w :;:: ,._ 0... 
....J 0... 
0... .._.. 
0... Ch l oride Chlor ide Chl o 
<I: ....J 

1·1Ef.1BRAIIE SYSTEI~ LLJ Content Content Con 
I > 
....J w (PPM) ( P Pt~) (P 
u ....J 

(./) I 
0::: ....J AREAS \oil TH CL-w u 
I- INTRUSION UIIDERLINED z w ...... (./) 

I 
:::: c:( 

co 0-1 11 l-2 11 0-111 1-2 11 0-1 11 

POLYURETHANE SYSTEI~S 

Bonl as ti c l~embra ne 
Tar Modifi ed Polyurethane 

Polyt ok 165 
Asphalt Modi f i ed Polyuret hane 

Po lytok 165 
Asphalt Mod ified Polyure-

t hane 

Duralseal 3100 
100% Solids Polyurethane 

Chevron 

Chevron 

! 

I 
' 

3 
4 
5 I 

3 
4 
5 

2 
3 

' 

4 ! 

2 
3 
4 

2 i 

·2 
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37 

! 

35 · 

s1 I 

441 

I 

63 
121 
J 29 

53 
109 
11 ~ 

29 
75 

175 

40 
60 
68 

140 

52 46 
_99 94 

J 06 121 

I 

40 I 
60 

11 3 I -, 
26 
50 

11..6 I 

I 
40 I 
60 
61 

32 
30 

109 

36 
70 

101 

61 
70 
70 

68 

45 45 
76 120 

11$ I 11 0 

37 1 

20 I 98 

I 
I 

32 I 
5o I 
65 

l 
75 1 49 
58 

31 
53 

120 

30 
60 

100 

114 
57 
69 

72 

EET 
CURB 

ride 
t ent 
Pl·1) 

] -2" 

52 
79 
86 

38 
35 
97 

24 
50 
90 

99 
51 
62 I 



2 

4 

18 

20 

. 
0 
z 
w 
(.!) 

0 
I-< 
a:: 
co 

-···--... 

35 

50 

Su~ ·,:•J,RY 01· 1\f '·\8R/\::E I U::FORI·:/·.HCE 
BASED UPOI~ Cllfi~ICAL All/',LYSIS OF COR ES 

------------------.....-----..-- ,.---------
1 FOOT 

OFF CURB 
5 FEET 

OFF CURB 
15 FEET 
OFF CURB 

:::;::: 
~ ~------~-------~-------

11EI-\BRAtlE SYSTEI~ I 
....J 
u 
V} 

a:: 
LLJ 
1-
z ,_. 
3 

Q.. 

-' w 
> w 
-' 
I 
....J 
u 
w 
V} 
<:( 

Chl oride 
Content 
(PPI~) 

Chl oride 
Content 

(PPM) 

Chloride 
Content 

( PPM ) 

AREAS I·JI TH CL
INTRUSION UNDERL INED 

co 0-111 1-2" 0-1" 1-2" 1 0-1" l - 2" 
______________ J_ __ J_ __ J_ ________ J_ __ __ 

THERMOPLASTIC OR THE RMOSETTING SYSTEMS 
I 

41 I 
I 

Uniroyal 6125 4 52 56 1 82 50 63 
51 l Hot Rubberi zed Aspha l t 5 50 38 48 38 

6 50 43 60 54 48 35 

Uniroyal 6125 
Hot Rubberi zed Asphal t 

Hot Asphal t & Glass Fabric 

Hot Asphal t & Glass Fabri c 

NEA 4000 
Hot PVC Polymer 

Petromat 

7 

4 
5 
6 
7 

2 
3 
4 

2 
3 
4 ' 
5 

2 
3 
4 

2 
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21 

26 I 

I 

60 

I 
33 1 

57 

60 
61 
55 
68 

_57 
175 
65 

26 
68 
53 
74 

70 
97 

100 

105 

48 57 

51 I 35 
57 50 
30 I 95 
31 95 

43 24 
55 78 
82 I 88 

31 I 21 
50 I 66 
50 50 
60 77 

66 93 
90 I 71 
64 I 86 

I 
I 

61 57 

55 

33 
40 
90 
45 

32 
75 
80 

27 
61 
48 
67 

66 
59 
80 

48 

43 

46 
55 
35 

100 

42 
65 
75 

32 
94 
58 
69 

61 
88 
78 

80 

35 

37 
60 
35 
58 

29 
45 
?O 

32 
64 
53 
61 

61 
60 
72 

70 

I 
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\U! ',i'.ARY OF r;Er~BPAtl[ PU:I (tRI-'.fd lCE 
8/~SrO UPOII CHE!'ilCAL /iiiAL YSJS OF CORES 

---------- - ------·---- -- _,_..,.. __ 

a 
I..L) 
....... 
_J 
0... 
0... 
<C 

11EI\BRAIIE SYSTEI1 I 
_J 

u 
(./') 
ex:: 
LLJ 
~ 
z ....... 
::::;: 

--- --- ---~-...------- ----- ---- -

l FOOT 5 FEET 15 FEE 
OFF CURB OFF CURB OFF cu 

---. 
::E: 
0.. 
0... .......... 

Ch1ori Chloride Chloride 
_J 
w Content Content Conte 
> 
LLJ (PPM) (PPM) ( PPH 
_J 

I 
_J AREAS \·l iTH CL-u 
w INTRUSION UIIDERLI NE D 
(/) 

<C 
c:o 0-1 11 1-2 11 0-111 1-2 11 0-1 11 J 

T 
RB 

de 
nt 
) 

-2" 

H1ULSION SYSTEI1S 

l 
Tar Emuls i on I 

.I 

Tar Emulsion 

Tar Emulsion & Gl ass Fabric 

Tar Emulsion & Gl ass Fabri c 

Tar Emul s ion & Glass Fabric 

Tar Emu l s ion & Glass Fabr ic 

4 
5 
6 
7 

4 
5 
6 
7 

32 1 138 
ill 
493 

I ~0 

31 164 
186 
328 
286 

33 86 
75 

11 5 

3 30 48 
4 50 
5 60 
6 I 

3 29 56 
4 215 
5 240 
6 

3 25 183 
4 106 

~;r-·-
§l 37 35 43 44 
_6§ 60 60 25 25 

224 100 
128 62 

136 36 
125 85 
175 100 
130 45 

67 42 
50 ~ 

105 90 

68 I -I 

58 

33 
80 
50 
38 

35 
75 
85 

35 118 66 
23 58 17 
30 65 58 

48 52 45 
148 185 168 
106 90 65 

_8..2, 38 40 
45 33 24 

95 
70 

35 
150 
67 
78 

46 
lQ.Q 
79 

75 
57 

34 
85 
44 
57 

35 
60 
69 

61 45 
65 35 
66 26 

46 29 
152 123 
83 66 

45 45 
33 50 

I 

I 

5 108 .n_ .B2 58 _6.8_ 59 ' 
6 
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SU! '~:·J~RY OF l'~fY.SR/d l E PERFCir~·:,:>,ilCE 

BASED UPOll CHEI'JI CAL AllAL YSJ S OF CORES 

- ----- - -.--- ---.--·--- ·• --,---- ·- --- - --- --
1 FOOT 5 FEET 15 FEET 

OFF CURB OFF CURB OFF CURB 
0 .--.. 
w ~ ...... 0.. ··-
...J 0.. 
0.. .__.. 

Chloride Chloride 0.. Ch 1 or ide 
0 c:( ...J 

Content Content :z: I~EI·1BRAtiE SYSTEt~ w Content 
I > ( P Pt~ ) (PPM) w ...J w (PPM) 

l.!} u ...J 
0 .... (/') I 
a: a: ...J AREAS I~ITH CL-co w u 

1- INTRUSION UNDERLINED z: w ...... (/') 
::;: c:( 

co 
0-1 11 1-2 11 0-111 1-2 11 0-1 11 ]-2" 

EPOXY SYSTEI~S 
I I 

89 1 
I I 

I f 
I 

9 Dural kote 304 3 39 296 
Solvent Cut Epoxy 4 I 109 75 126 106 50 29 

I 
- - - · - l 

I 

i i 

32 1 64 I 
I 

10 Dural kote 306 3 117 82 84 I 109 81 
Coal Tar Mod i fied Epoxy 4 I ill 80 114 90 50 50 

5 135 l 05 ! 11 8 80 116 67 _, 
-+ f -

I 
I 

16 Dural kote 102 2 35 1 50 31 55 36 22 41 
100% Solids Epoxy I 3 68 46 55 41 62 63 

I 4 1 21 113 94 74 108 55 - - -
I i 

19 Ram bond 620-S 2 25 ~ 58 45 39 43 29 
100% Solids Epoxy 3 11 7 42 65 47 56 46 

I 4 140 80 90 so 48 48 - - - ' 

22 Polyastics 2 27 127 69 38 34 55 39 
Sol vent Cut Epoxy 3 

I 
103 36 46 38 55 43 

4 80 72 62 58 69 60 

l 
23 Dura 1 kate 306 2 26 I 30 29 40 35 39 32 

Coal Tar Modifi ed Epoxy 3 50 55 1 lQ 63 75 48 
4 100 _.2.Q 55 51 45 41 

I 
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1 FOOT 

0 ..-... OFF CURB 
w :::E: ,_.. 0.. 
....J 0.. 
0.. ....._.. 
0.. Chl oride c:( ....J 

I~H\BRANE SYSTEM w Content 
I > 

( PPI~) _J w 
L) ....J 

Vl I 
0::: ....J 
w L) 

-

5 FE ET 15 FEET 
OFF CURB OFF CURB 

Chl ori de Chlori de 
Content Content 

( PPM) ( PPI~) 

AREAS HITH CL-
1- INTRUSION UNDERLINED z w 
1-t Vl 
:;: <( 

0) 

0-1" 1-2" 0-1" 1-2" 0-1" J-2" 
--

EPOXY SYSTEt·1S 
-------------------------------~---~--~--------~~------~-----------· 

i I 26 Ramcoat Epoxy Paint 
Solvent Cut Epoxy 

2 50 ll? 80 1 90 75 64 70 
3 12s 112 · ns 2s 254 12 I 
4 _, 2_5 1 02 ~ 120 40 _16_1 8Q I 

------------------------------+---+---+' __________ i ________ -4--·----·--__J 
27 Rambond 223 

100% Solids Epoxy 
2 
3 
4 
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MEHBRANE EVALUATION SUNMARY 

Q) 
II) ~ c:: 

~ -e Q) Q)~ 0 Q) 

0 ..... ~ c:: ..... C) 

·rl ;:l 0 C) Q) ~ c:: 
~ u .c r:: a 111 111 
111 1=1 0 Q) u e C) ~ Ti u > ..... c:: 
-M 111 Po< CIS .Cr-i 0 0 ..... r::~ ~ p. ~ ..... 
p. >.. ..... ~ Q) •l"l p. >.. $.4 ~ 
p. ~ CIS 0 Q)o.<:S )< U) QJ 111 
< ·rl QJ a QJ 

jl., "(j 

..... Vl II) 

~~ k d 
4-t ·rl ).I QJ d QJ ..... 

~ 0 .Cl 
..., Q) .Cl 111 QJ QJ p. ..... 

Hembrane •rl ~ $.4 ,... a CIS 
Q) >< "C U) 

§~ 
.Cl QJ ~ $.4 0 

Type Ill Q) c:: ..... 0 > U) QJ C) 

~ ..... 0 ..... k Ill 0 > Cll 
"-l ~ ~ r.Q Q:l~ tl.< ~ u 0 ~ 

--- -- _,._ -------
Standard yes/ fair/ Continue 
Pref ormed easy good fair no good occ. $ 4.50 good Use 

---w--·----·- ·- .. - -----

J lis cella neous yes/ poor/ Not 
Preformed easy good poor no fair yes $ 5.00 poor recommended 

for use 

. - --- -· · - -~ ·-- ------ - -
good/ Not 

Projec t 12-11 yes/ good fair recommended 
Preformed hard exc. fair no with yes $10.65 to unless other 

prot. good systems prove 
boar ds to be unsat . 

. ------ -- ·- -------
no/ good/ Restrict 

Polyurethane easy good exc . yes poor occ. $ 5. 19 fair Use 

. ------- ____ ,. __ .. - --
Thermopl ast i c poor no/ fair/ Consider 

or hard to fair yes fair occ. $ 4.00 good further use 
Thermosetting good 

----- -- -- ----

no/ good/ Not 
Epoxy easy poor fair yes poor no $ 9 .42 poor reconunended 

for use 

-- - . ---------- ----·-------
very no/ good/ $1.32/ Restrict 

Emulsi on easy poor poor no good no $3.50 poor Use 

. - .. .. ,. --- . - ----- --------
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AGENCY OF TRANSPORTATION 
lWNWA~OUQJnMEm OFFICE MEMORANDUM 

TO: 

FROM: 

C0~1MISSIONER, ~~~INEER, DIVISION HEADS, & DIST. TRANSPORTATION ENGINEERS 

R. F. Nichol son, P.E., Materials & Research Engineer 

DATE: November 14, 1978 

SUBJECT: Field Performance of Experimental Bridge Deck Membrane Systems 

Enclosed for your information is a copy of a paper presented at the Northeastern 
States Materials Engineers Meeting held October 24 and 25, 1978. The paper covers fie ld 
performance results obtained on experimental membrane systems applied in Vermont over the 
past eight years. 

Significant findings stated in the paper include the following: 

Vermont' s evaluation program currently includes 33 different membrane systems applied 
on 69 new bridge decks. No further experimental applications are anticipated in the 
immediate future . 

Field performance results have been obtained on 27 of the 33 systems in use. Such 
results reveal that chloride contamination has occurred .at 38 percent of the test areas 
following an average of 3.7 winters with contamination averaging 0.35 pounds of chloride 
per cubic yard of concrete in the top inch of contaminated samples. 

The best performance to date has been provided by the hot applied materials and the 
standard preformed membranes with contamination limited to 24 percent of all cores taken 
on both classes of materials. 

The control treatment consisting of tar emulsion with or without glass fabric _has 
offered the least protection with contamination averaging 0.45 pounds of chloride recorded 
in 55 percent of the samples tested. 

In general, the performance of the various products has been less than satisfactory 
although a few of the materials have been effective enough to be considered acceptable 
bridge deck protective systems. 

This paper is being supplied for your information. If you do not wi sh to retain 
a copy f or your files, please return it to the Materials & Research Division. 

Enclosure 

RFN/msd 
cc: RFN/Lab File 

R. Frascoia 
Central Files 

HO 296A 25M 12-76 



PROTECTO-WRAP 't-1-400 

I - 91 SB Over State Aid No. l 

April 1973 

Checking the puncture resistance of pre
formed sheet membranes subjected to appli
cations of 275°F - 325°F bituminous mixes 
applied at a load of 200 psi. 

Pressing the membrane into the mastic at 
the curb line with a one inch diameter 
wallpaper roller. 

Air bubbles in the solvent cut prime coat 
were broken with a sque.egee prior to 
placing the membrane sheets. 

Rolling the membrane and removing the 
polyethylene film to expose the self 
sealing edge. 



HOT MOPPED ASPHALT & GLASS FABRIC 

I -91 NB Over State Aid No. 9 

May 1973 

Bubbles up to 3/4 inch in diameter appeared 
in the cutback asphalt prime coat shortly 
after application . 

Placing glass fabric in first coat of hot 
asphalt. 

Placing glass fabric in the first coat of 
asphalt along the curb. Note ~isture 
sensing copper foil strips placed beneath 
the membrane to detect the passage of 
moisture. 

Bubbles and pinholes in the first coat 
of asphalt. 



RAMBOND 620-S EPOXY 

t - 91 SB Over State Aid No. 9 

Apr il 1973 

The application of multiple coats of epoxy 
reduced but did not eliminate all pinholes. 

Electrical resistance readings averaged 
41.500 ohms per square foot which indi
cates that some of the holes ~~ere open 
to the concrete. 

POLYASTIC'S EPOXY 
I - 91 NB Over Tolm Highl<Tay No. 9 

Bubbles formed in the epoxy coating 16 to 
20 hours after application. 

Cohesive cracks occurred in a field 
applied coating 6 months after appli
cation. 



HOT MOPPED ASPHALT & GLASS FABRIC 

1-91 NB Over State Aid No. 9 

Bubbles up to 3/4 inch in diameter appeared in the cut
back asphalt prime coal shortly after application. 

Placing glass fabric in flrst coat of hot asphalt. 

May 1973 

11 

Placing glass fabric in the flrst coat of asphalt along the 
curb. Note moisture sensing copper foil strips placed 
beneath the membrane to detect the passage of moisture. 

Bubbles and pinholes in the flrst coat of asphalt. 



PROTECTO \·TRAP H400 

I 91 SB OVER STATE AID NO. 1 

Deck pa v e d Ap r il 20, 1973 Pictures taken July 3 , 5 , 1973 

Lmv electrical resistance readings indicate Membrane exposed ~"hen truck braked on deck 
da mage to the membrane at some locations . 




