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This covers the of eleven membrane on thirteen 
new bridge decks in 74 . includes the membrane 

test results, condition of the observations made 
the membrane field test results and 
discussions on the 
are concluded with 
summaries field 
years 1971 through 

two to 

on each membrane 
recommendations on further use. The report also includes 
and laboratory observations on membrane applied in 
19 73 , and includes chloride concentrations in 
four of deicing applications . 

Vermont currently the use the three s tandard sheet 
membrane , namely Heavy Duty Bituthene; Royston H10; and Protecto Wrap 
M-400 , on non-experimental bridges . With the possible exception Bituthene , 

the 

experiences obtained with the membrane discussed in this report and the 
latest results of continuous follow-up testing , do not indicate that any 
shift should be made away from the standard preformed sheet 

The five preformed membrane systems ident if ied by the NCHRP Proj e ct 12-11 
are not recommended for further use unless follow-up evaluat ions prove the s tandard 
sys tems are not satisfactory. The negative recommendation is based on the diffi­
culties in applying the materials and due to their high in-place costs. NEA 4000, 
a thermo-setting PVC polymer membrane , and Chevron's Bridge Deck Membrane system 
show sufficient promise to warrant further use. Duralseal 3100 and o ther liquid 
applied polyurethanes are recommended as curb line sealers and for use on deck 
repair and widening proj ects where surfaces are often too rough to apply the p re­
formed sheet membranes .  

Most serious problems which occ,ur with the use of membrane systems a re 
directly related to the pavement applications. Agencies calling for the use of 
membranes are strongly encouraged to design their pavements to fully comply with 
the recommendations of the memb rane's manufacturer. Initial cracking and blistering 
of pavement-membrane systems could be eliminated in many cases by reducing 
b ituminous mix temperatures to 2750 F or lower , by placing thicker pavement courses, 
and by applying initial compaction effort with light-weight rollers. Wearing 
courses over membrane systems should be a minimum of two inches thi ck, with three 
inches preferred . If placed in more than one l if t , the firs t  course should be 
1-1/2 inches thick. Construction traffic should not be allowed to t ravel over 
the memb rane and first course of pavement .  

Chemical analysis of cores taken from bridges t reated with experimental 
membrane systems between 1971 and 19 73 indicate that most membrane systems have 
provided initial protection against the leakage of chlorides , except in areas 
adj acent to the curb line. The results suggest that s imple inexpensive and less 
than impervious memb rane materials may be adequate for protecting properly drained 
crack free s tructures, if curb line areas are t reated with an impervious membrane 
material . Further research is required and will continue in this area. 
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of bridge deck membrane 

out by the Vermont of since 71. 

the 71-1973 construction seasons included the use of 

have been 

included two polyurethane and two cold-applied built-up three preformed 

products; four hot-applied materials; and nine epoxy systems. All applications were 

monitored and recorded in the following reports: 

IINational & Evaluation Program - Bridge Deck 
Initial Reports 72-10 & 73-1 

"Experimental Bridge Deck Membrane Applications in Vermont" 
Report 74-4 

Field evaluations of the membrane systems have included an annual series of tests 

after exposure to two years of traffic and deicing salt applications. The evaluations 

include resistivity tests; steel potential readings; moisture strip readings; and the 

recovery of concrete samples for the determination of chloride content. Paved but 

otherwise unprotected approach slabs of the experimental bridges are used as control 

sections. Comments on the effectiveness of the systems, based on test results and 

service life to date, are briefly discussed in the conclusion of this report and in 

summary tables on pages 98 through 100. 

The basic information in this report COvers the application of 

systems on thirteen new bridge decks in 1974. The systems include the five preformed 

membrane systems selected during the first phase of the NCHRP Project 12-11, Water-

proof Membranes for Protection of Concrete Bridge Decks. Other products include 

Heavy Duty Bituthene, Royston #10, and Protecto Wrap M-400,preformed sheet systems; 

Duralsea1 3100 and Chevron Bridge Deck Membrane,polyurethane systems; and NEA 4000, 

a hot-applied PVC Polymer membrane. 

Surveillance of all bridge decks will continue until valid conclusions can be 

obtained as to the effectiveness of each protective system. 
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WORK PLAN NO 24 

A 75-mil thick sheet membrane of an fiber� 

mesh sandwished between of a bituminous mastic and coated lY'ith a 

Pittsburgh , 

The is manufactured by Royston Laboratories, Inc . ,  

15238 .  

The membrane was not damaged by puncture or when s ubj ected to the 

application of 275°F to 325°F bituminous mixes applied at a load of 200 pounds per 

square inch . The material displayed good cold temperature flexibility when bent 

around a 1-inch mandrel at -IO°F and satisfactorily bridged cracks in cement mortar 

slabs when broken over a 3/16-inch anvil at O°F . 

RECOl1MENDED APPLICATION PROCEDURE 

1 .  Apply Royston Roybond Primer 713 by roller , brush or s queegee at the rate of 

approximately 10 square yards per gallon . Allow the primer to dry thoroughly 

before applying the membrane . 

2. Place the membrane sheet with the sticky surface down by removing the 

release paper as the application progresses . Place the sheets in such a 

manner that a shingling effect will be achieved and that any water which 

accumulates will drain toward the curb and the drain pipes . Each strip should 

be overlapped a minimum of 4 inches .  Hand rollers or other s atisfactory 

pressure apparatus shall be used on the applied membrane to assure firm and 

uniform contact w·ith the primed concrete surface .  

3 .  The membrane should be fused to the curb face by melting the polyester film 

with a propane torch and by pressing or rolling the heated membrane into 

intimate contact with the primed curb surface. 

4 .  Any torn o r  cut areas, or narrow overlaps shall be patched by the heat fusion 

method, overlapping a minimum of 6 inches. 
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RECOHMENDED APPLICATION PROCEDURE (Can't) 

5. The bituminous pavement should be bet\'leen 300°F and 340°F at the time of 

application to insure adequate bond between the membrane and the deck. 

WORK LOCATION 

I 91 northbound bridge over Waits River at station 5190+6.25 - 5192+57.17, 
0.1 mile north of the Vermont Route 25 interchage in Bradford. 

DECK CONDITION Al�D PREPARATION PRIOR TO �m�mruu�E APPLICATION 

Surface Texture - Smooth finish, very few projections or holes in surface. 
Very little laitance. 

Cracks Only very light pattern cracks noted. 

l1iscellaneous - Cracks ,vere noted between the concrete deck and epoxy mortar 
along 42 percent (106 lineal feet) of the easterly curb line. 
The epoxy mortar (Rambond 622) had been placed on July 12, 1973. 
No cracks were noted between the bottom of the granite curb and 
the epoxy mortar along the easterly curb line or at any point 
along the curb line on the high side of the banked curve. 

Average Initial Chloride Level - 61 parts per million. 

Preparation - The concrete was sandblasted 3 feet out from the curb face. Loose 
and cracked epoxy mortar was removed with chisels. Deck was washed 
clean on May 13, 1974. 

OBSERVATIONS MADE DURING �mMBruu�E APPLICATION 

Time 

9:25 

10:00 

12:00 

2:20 
2:50 

3:40 

5:10 

Air 

5-14-74 

55 

58 

63 

71 

74 

74 

% 
Humid. 

Royston representative on the project. Air temperature 
recorded in shade. Clear. 

51 Began applying Royston Roybond Primer 11173 with 

49 

43 

38 

34 

35 

squeegees. 
Prime coat complete on half of southerly span. Air 
bubbles noted in the primer at rates of 100-300 per 
square foot with maximum size of 3/8�inch. 
48 gallons of primer applied on 4,924 square feet for 
application rate of 103 square feet per gallon. 

air bubbles in primer with squeegees. Copper 
2 feet from curb on southerly end 

of deck with lead vlires extended do\m drain tubes. 
Began placing sheet membrane easterly curb. 
Concrete surface 85° • Obtaining a good 
bond between membrane sheets at side and end due 
in part to the sun and air 
Seven, in 
membrane to fit around drain scuppers 
and four men placing material. 
Hembrane application on the 548 square 
southerly span. propane torch to heat seal 
membrane curb line and it up with an 
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5:10 

3 : 15 

3:40 

4:30 

4 : 45 
5:30 

6:00 
7:30 

Air 

5-15-74 

89 

90 

88  

93 
86 

85 
79 

% 

27 

27 

23 

2/� 
2 8  

33 
46 

the outer 
6:30 . 

of the 

0-60% cloud cover. 30 mph wind . Sheets placed 
previous are completely free of wrinkles and good 
bond noted on s ide 
Northerly span b lown clean with air compressor 
to the application of 
9 8° in s un. Approximately the s ame number of air 
b ubbles are occurring in the primer as the number 
which resulted on southerly span even though 29 
additional hours have passed since the deck "las washed 
on 5-13-74 . 
Brushing out areas with heavy primer application. 
Copper foil s trips placed 3 feet from the easterly 
curb at a point 203-208 feet north of the southerly 
approach s lab j oint . 
Began placing sheet membrane. 
Four men placing sheets and one man fusing membrane 
at curb face . 
Six , l25-foot strips in place. 
Application complete including seal along curb lines. 

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE 

Membrane Treatment 1115 s.y . 

Bituminous Concrete 247 tons 

Tar Emulsion on Approach Slab 72 gals . 

D ISCU S S ION 

@ $4.2 5 / s . y .  

@ $9.90/ ton 

@ $2 . 00/gal . 

= 

$4 ,738 . 75 

$2 , 445.30 

$ 144 . 00 

For more detailed information on the installation , refer to "Observations 

Hade During Hembrane Application" , on pages 4 & 5. 

The 1115 square yard application was completed by five workmen in eight 

working hours. The membrane sheets were f lexible during the application due to 

high amb ient temperatures .  This permitted placement along the 30-30' curvature 

of the deck without the necessity of cutting the 50-foot rolls or wast ing material 

by excessive overlapping. The high temperatures also res ulted in good bond 

between sheets at end and side laps prior to rolling . The sheet membrane applica-

tion extended 3 feet onto the approach slab s  with t he remainder of the approach 
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DISCUSSION (Con' t)  

s labs treated with two coats of tar emulsion . This procedure was used on all 

bridges on the proj ect . 

The f irst one-inch course of asbestos modified pavement was placed on Hay 

22,  1974, seven days af ter the membrane sys tem had been completed. The mix 

temperatures in the truck ranged from 34SoF to 360°F , with initial in-place 

readings averaging 313°F. Pavement compaction was ob tained "lith a ten-ton, double 

axle s teel wheeled roller , followed by 80 p.s.i. loading with a rubber tired roller. 

Final compaction was ob tained with the ten-ton steel wheeled roller . There were no 

b listers or cracks in the pavement upon completion . 

Electrical resistance readings were recorded at infinity on the pavement­

membrane system seven days after completion. Sections of pavement "lere also removed 

for the purpose of inspection. Excellent bond was noted between the pavement and 

memb rane at the first location checked. The in-place mix temperatures had been 

recorded at 33SoF. Approximately 90% of the mylar coating and 25%  of the bituminous 

portion of the membrane on the upper s ide of the reinforcement remained b onded to 

the b ituminous s ample . The bond of the membrane to the primed concrete resulted in 

10% of the bottom portion of the memb rane remaining on the concrete when the six­

inch square sample was removed. 

Only slight indentations were noted in the s urface of the membrane inspected 

in an area where the had been recorded at 315°F-320°F .  The 

mylar coating tvas b onded to the and although t he bond t o  the concrete 

to b e  , only about 2% o f  the bottom of the membrane had many 

indentations at the third location checked . The indentations in the membrane were 

believed due to the visible lack of in the bottom of the b ituminous course 

rather than the noted in the area.  

T he membrane had not lost its , since maximum of 

the mix was to the bi tuminous portion of the membrane above the reinforce� 

ment . Bond to the concrete was excellent, with 25% of the bottom of the membrane 

on the concrete when the was removed . 

6 



DISCUSSION (Conlt) 

Light vehicle traffic was allowed over the bridge for approximately 3-1/2 

months prior to placing the final inch of bituminous pavement. During the latter 

part of the period, periodic inspection disclosed the formation of numerous short 

cracks in the pavement. A total of 172 cracks were logged on September 4, 1974, 

with all but 21 confined to the southerly span. Nine of the cracks exceeded ten 

inches in length with the remainder averaging five inches. Twenty-two of the cracks 

were curved or transverse in nature, while eighteen consisted of three or four short 

cracks radiating out from a single point as is common when minor air blisters form 

beneath the pavement. The remaining cracks were longitudinal with a significant 

number occurring at equal offsets from the curb line. The condition suggested that 

the cracks were caused by a combination of air or vapor pressures and occasional 

reflections of edges of the membrane sheets. Such findings were confirmed vlhen 

pressures were noted beneath the n�mbrane when the pavement was removed from 

several cracked areas approximately 3 feet from the curb line. The system remained 

waterproof as indicated by infinite electrical resistance readings taken over 

cracked areas. It is suspected that the cracks would not have occurred if both 

pavement courses had been applied initially, thereby providing additional dead 

weight over the membrane. The final course of bituminous pavement was placed 

without difficulty and has remained free of any cracks or blisters. 



ROYSTON BRIDGE MENBRANE 1110 

I 91 NB over Waits River 

The membrane appeared undamaged at the above location w here bituminous lay-down temp­
eratures were recorded at 335°F. Bond between membrane and pavement resulted in 
adhesion.of 90% of the mylar coating and 25% of the membrane surface to the bituminous 
mix. Membrane bond to the concrete appeared adequate with 10% of the membrane remaining 
on the deck. 

t. 

Bituminous lay-down temperatures of 3l5°F to 320°F also 
appeared to promote adequate adhesion between s�bstrate, 
membrane, and pavement. 
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WORK PLAN � NO. 

A 6S-mil sheet membrane composed of a woven 

polyproplene mesh coated on one side with a of rubberized The 

is manufactured by W. R. Grace & Company . 

The membrane was not by puncture or heat when subj to the 

application of 27S@F to 300°F bituminous mixes applied at a load of 200 pounds 

per square inch. The material did not crack when bent around a l-inch mandril 

at -lO° F and satisfactorily bridged cracks in cement mortar slabs when b roken 

over a 3/16-inch anvil at OOF . 

RECOMMENDED APPLICATION PROCEDURE 

1 .  Apply Bituthene primer by brush or roller a t  the rate of 200 to 400 square 

feet per gallon and allow the primer to dry tack free before applying the 

membrane. 

2 .  Place 8 to 9-inch wide s trips of the membrane along the base of the curb 

so that the material extends up the curb face to the height of the proposed 

b ituminous overlay. On rough faces , place a bead of Bituthene Mastic on 

the vertical f ace before f lashing strips are applied. 

3 .  Place the membrane sheet with the sticky surface down by removing the 

release paper as the application progresses . Place the sheets in such a 

manner that a shingling effect will be achieved and that any water which 

accumulates will drain toward the curb and the drain pipes. Each"strip 

should be overlapped a minimum of 2-1/2 inches. 

4 .  All termination points a t  curbs , expansion j oints or end of the deck should 

be sealed with a bead of Bituthene Mas ti c ,  applied after the membrane has 

been placed . 
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5. Repair any torn or cut areas by a minimum of 6 inches with a 

of the membrane. 

6. The bituminous should be between and at the time 

WORK LOCATION #1 

I 91 southbound bridge over Waits River at station 5190 + 08.50 - 5192 + 
79.42, 0. 1 mile north of the Vermont Route 25 exit in Bradford. 

DECK CONDITION AND PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture = Southern span has smooth surface; northerly span somewhat 
rougher with slightly pitted surface due to rain. 

Cracks - None visible. 

Average Initial Chloride Level - 44 parts per million. 

Preparation - The concrete was sandblasted 3 feet out from the curb faces the 
day before the membrane application began. 

OBSERVATIONS MADE DURING MEMBRANE APPLICATION 

Time 

11:15 
11:45 

12:20 

1:45 

2:00 

3:00 

Air 
Temp. 

4-17-74 

50 
53 

53 

57 

58 

62 

% 
Humid. 

47 
45 

37 

33 

30 

27 

Air temperature recorded in shade. Clear. 10-20 
m. p. h. breeze. 

Began applying primer with long handled paint rollers. 
500 square feet covered. First area treated is dry 
to the touch. 
8. 5 gallons of primer applied on 23, 190 square feet 
for application rate of 273 square feet per gallon. 
Began placing 6-inch wide membrane strips approximately 
1-1/4 inch up the 45° epoxy mortar filled face along 
the southeasterly curb. Would not be able to seal area 
where epoxy mortar contacts granite curb due to rough­
ness. 
Placing first 59. 5-foot by 3-foot roll. Lot No. 03-183-
l-E and -W. 
Some attempts to correct roll alignment result in long­
itudinal wrinkles in the membrane. Smoothing and pressing 
the membrane by hand from the middle to the edges when it 
first makes contact with the concrete eliminates most of 
the wrinkles. Occasional wrinkle due to manufacturing 
process. 
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Time 

4:00 

4: 

5:25 

7:00 

9:00 

9:50 

10:45 

12:10 
1:45 

3:15 

5:00 
7:15 

10:00 

1:10 
4:20 

5:45 

6:50 

Air 
Temp. 

64 

64 

58 

4-18-74 

52 

55 

58 

60 
54 

56 

53 
51 

4-19-74 

42 

46 
48 

47 

46 

% 
Humid. 

27 

27 

33 

46 

45 

39 

41 
48 

51 

50 
51 

49 

35 
31 

31 

34 

Eight full rolls in (1440 s.f.). One man 
membrane to fit around drain scuppers. 
Two men the rolls in minutes. 
Operation is slowed when difficulties occur 
with paper and sticking to bottom of the 
membrane on about 20% of the rolls. Eleven rolls placed 
in 2 hours and 50 minutes. 
Full width rolls complete. Placing 6-inch along 
westerly curb. 
Finished applying mastic along edge of membrane at curb 
line. 

Clear a.m. 75-100% cloud cover p.m. 5-20 m.p.h. breeze. 

Priming remainder of southerly span. 
copper foil strips on primed concrete 
easterly curb at a point 193-198 feet 
approach slab joint. 

Placed 5-foot 
2 feet from 
south of northerly 

Placing membrane sheets. 18 gallons of primer applied 
on southerly span at an average rate of 297 square feet 
per gallon. 
Having occasional difficulty obtaining proper alignment. 
Necessary to cut and restart rolls when it occurs. 
8 full rolls in place. 
Placing 20-foot strips up to expansion dam. 6-inch 
membrane strip placed transversely along 45° concrete 
fillet on both sides of the expansion dam. 
Priming northerly span and placing mastic along curb 
face on southerly span. 
Placing first roll along easterly curb. 
Placed eighth roll along westerly curb. 

Began priming remainder of northerly span. Two men on 
project. 
Placing 15-inch wide strip along easterly curb. 
3930 square feet covered. Beginning 20-foot strips on 
northerly end of deck. 
Placing 2-inch wide by l/4-inch thick application of 
mastic along top edge of membrane and adjoining granite 
curb. 
Rolling membrane with a pick-up truck. Procedure 
successful in removing wrinkles or bubbles in the recently 
placed membrane, but only partially successful in bonding 
areas where air had built up beneath the membrane over a 
24 to 48-hour period. 
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Membrane Treatment 

Bituminous Concrete 

Tar Emulsion on 

1202 s.y. 

267 tons 

@ 

@ 

@ 

For more information on the installation, 

During Membrane Application", on pages 10 and 11. 

$4.50/8.y. 

$9.90/ton 

$2.00/ga1. 

"" $ 5,409.00 

'" $ 2,643.30 

'"' $ 142.00 

to "Observations Made 

The work crew varied from three to men during the installation, with a 

total of 76 manhours of labor required to complete the 1202 square yard application. 

Although no problema were encountered, some lost time occurred due to 

difficulties with sheet alignment and when the release paper tore and stuck to the 

bottom of the membrane sheet on a number of the rolls. 

The first l-inch course of asbestos modified pavement was placed on May 2, 1974, 

13 days after the membrane system had been completed. Although a number of large 

bubbles and wrinkles containing air under pressure were noted in the membrane on 

May 1, they were not apparent the following morning due to low air temperatures and 

consequently did not require puncturing prior to paving. 

The initial in-place mix temperatures ranged from 260 ° F  to 290°F, with an 

average temperature of 272°F. Cracks appeared in the bituminous mix 2 to 3 minutes 

after the material was placed. All were over the edges and ends of individual 

sheets and comprised about 20% of the total sheet perimeters. The cracks were 

believed due to contraction of the woven polyproplene mesh, which was caused by 

the heat of the bituminous mix. The cracks ranged up to l/Z-inch in width prior to 

compaction. Approximately 50% were eliminated during compaction with a 6 to 8 ton 

double axle steel wheeled roller. The compacted mix varied from 7/S-inch to 1-5/16-

inch in thickness. Part of the variation may have been due to unevenness in the 

surface of the concrete deck. The overall appearance of the pavement was poor, 

due in part to a number of porous surface areas. 

The membrane did not appear to be damaged when a portion of the pavement was 

12 



removed visual inspection. resistance on the membrane 

and were recorded at at all but one , with the 

a ,000 ohm 

I 91 northbound bridge over State Aid Highway No. 5 at station 5612 + 19 
5613 + 17, approximately 8 miles north of the Vermont Route 25 interchange in 
Bradford. (Material was substituted Royston #10, due to material supply and 
scheduling problems). 

DECK CONDITION AND PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture - Gritty texture due to abrasive action of 4-inch sand blanket 
maintained on deck during 3-month period of construction traffic. 

Cracks - 30-inch diagonal cracks extending from south-westerly and north-easterly 
corners of deck. 

Average Initial Chloride Level - 61 parts per million . 

Preparation - A 4-inch layer of sand was removed from the deck on July 19, and 
the concrete was sandblasted 3 feet out from the curb faces 3 days 
before the membrane system was placed. 

OBSERVATIONS MADE DURING MEMBRANE APPLICATION 

Time 

8:50 
9:35 

10:10 

11:30 

1:00 

3:20 
4:50 

Air 
Temp . 

7-25-74 

67 
68 

69 

73 

76 

77 
80 

% 
Humid . 

43 
38 

39 

34 

33 

35 
34 

Air temperatures recorded in shade. 80% cloud cover 
a.m . 25% cloud cover p . m. 

Applying Bituthene primer with paint rollers. 
Copper foil strips placed 2 feet from easterly curb 
at a point 4 feet north of the southerly approach slab 
joint. 
Placing 3-foot wide sheets along westerly curb with 
outer edge approximately 1-1/2 inches or half-way up 
epoxy mortar fillet. 
5 strips complete. No problem with release paper tearing 
and sticking to the bottom of the membrane as had happened 
previously. 
Placing 6-inch wide strips of membrane and mastic along 
easterly curb. 
6 strips complete on easterly half of deck. 
System complete. The 46l-square yard installation took 
27 manhours to complete . 
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Membrane Treatment 

Bituminous Concrete 

Tar Emulsion on Slab 

461 s.y. 

90.8 tons 

@ 

@ 

@ 

For more on the application, 

During Membrane Applicationll, on page 

A man crew completed the 46l-square yard 

$4.50/s.y. 

$9.90/ton 

$2.00/gal. 

to 

"" $ 2,074.50 

"" $ 

"" $ 

898.92 

68.00 

Made 

in 27 manhours. 

The first course of asbestos modified pavement was placed on July 29, 1974, 

4 days the membrane system was completed. The mix temperatures ranged from 

280 to 320°F, with initial in-place temperatures averaging 270oF. Cracks ranging 

up to 3/4-inch in width appeared in the bituminous mix prior to compaction, as had 

occurred on the earlier installation. Compactive effort sealed a portion of the 

cracks although many remained visible upon completion. No blisters or other 

difficulties were encountered with the paving operation until the paver was backed 

up the 4.8 percent grade to complete the final pass. At that point, the pavers 

tires sunk into the edge of the bituminous mat placed during the third pass of the 

paver. Spinning of the tires on the mix resulted in an undetermined amount of 

damage to the membrane at points approximately 11 feet from the easterly curb and 

20-23 feet, 25-28 feet and 30-55 from the southerly approach slab joint. 

No problems occurred prior to or following placement of the final inch of bituminous 

pavement. 
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HEAVY DUTY BITUTHENE 

I 9 1  SB over Waits River 

Applying Bituthene primer with 
paint roller 

Initial cracks in pavement over ends 
and edges of membrane sheets due to 
shrinkage of polypropylene rein­
forcement. 

Placing first sheet along curb line. 

Pavement repair required on first 
course due to combination of initial 
cracks, thin pavement, and construction 
traffic. 



A 

l\fORK PLAN 

, 100 solids 

NO. 26 

which includes an 

epoxy application. The material is by Dural International 

Corp., 95 Brook Avenue, Deer Park, N. Y. 11729 

The membrane was not damaged by puncture or heat when subjected to the 

application of bituminous mixes at temperatures up to 300°F Samples the 

I-inch mandril flexibility and bridging tests at OOF. Adhesion to concrete 

was good before and after submersion of samples in water. 

RECOMMENDED APPLICATION PROCEDURE 

1. Apply Duralseal 3100 primer by spray or roller at the rate of approximately 

300 square feet per gallon. 

2. After primer has dried, apply Duralseal 3100 by airless spray, squeegee, trowel 

or roller at the desired thickness. 

WORK LOCATION 

I 91 northbound bridge over Vermont Route 25B at station 5195+47 - 5196+83, 
approximately 0.1 mile north of the Vermont Route 25 interchange in Bradford. 

DECK CONDITION lU�D PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture - Smooth finish. 

Cracks Occasional fine shrinkage cracks visible. 

Miscellaneous - Scattered cracks noted between the concrete deck and epoxy 
mortar along the easterly curb line. 

Average Initial Chloride Level - 81 parts per million - 44 parts per million 
chloride recorded in samples taken before deck was acid etched. 

Preparation - The deck surface was acid etched on May 6, 1974 and was blown 
clean with a compressor just prior to the membrane application on 
May 14, 1974. 
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8:00 

11:30 

12:30 

1:00 

2:25 

5:20 

6:30 

6:55 

7:30 

7:45 

8:40 

9:10 

9:30 

11:00 
12:40 

Air 

73° 

53° 

% 

44 

41 

38 

36 

41 

43 

49 

59 

58 

54 

45 
40 

Air recorded in shade . Clear . 

Dural on ect 
with air compressor. Some s tains 
noted on the concrete even though was 
thoroughly flushed as the etching 

2-component epoxy south 
westerly curb with long handled paint rollers . 
Switched application to squeegee after 300 square feet 
covered ,  in an attempt to the coverage per 
gallon of material . Reworking coating with paint 
rollers 3 to 5 minutes application , in an 
attempt to eliminate holidays and air bubbles. 
P laced primer on IS-inch square test slab. Vapor 
pressures from test slab resulted in approximately 

p inholes and a f ew bubbles before reworking the 
material. S imilar conditions noted on deck with mos t  
of the pinholes and air bubbles reappearing a short 
time after the material was reworked .  
28  gallons applied on 3420 square feet for application 
rate of 122 square feet per gallon . 
30 gallons of primer applied. 1/2 pint of xylol solvent 
added per gallon of primer, on last 10 gallons used. 
Began applying Duralseal 3100 polyurethane with squeegee . 
Aiming for an application rate of 2 7  square feet per 
gallon which would p roduce a wet f ilm thickness of 60 
mils . 
Noting air bubbles and p inholes in the coating at 
approximately the same rate as that which occurred in 
the prime coat . 
120 gallons of material applied . Slight flow of coating 
noted in thick areas . 
Applying final batch of material . 170 gallons 
applied on 3970 square feet for application rate of 23. 4  
square feet per gallon. Approximately 1410 square feet 
of deck area remaining to be treated . 

Clear . 

Using air compressor to remove dirt from remaining area 
to be treated . 
Priming remainder of deck and rep riming area treated on 
5-14-7 4 .  Electrical resistance readings on the primer 
ranged from 3000 to 11 ,000 ohms per square foot . 
Prime coat complete . 6 gallons applied on 1410 square 
fee t . 
o - 5 air bubbles per square foot noted in area given 
first coat of primer but very few bubbles visible in 
area given second coat . 
Began applying urethane. 
App lication complete .  Vapor pressures outgassing from 
the concrete are resulting in 100-200 pinholes and 25-75 
air bubbles per square foot at many locations . 
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2: 

3:20 
3: 

Air 

Membrane Treatment 

Bituminous Concrete 

% 

28 

29 

Tar Emulsion on Approach Slab 

75% average cloud cover. 3�8 

Applying a second coat of 
treated on , in an 
the pinholes and bubbles. 
Reworking with 
20 applied. 
while some pinholes 

coat. 

s.y. 

137.8 tons 

TABLE I 

@ $7.25/8.Y. 

@ $ 9.90/ton 

@ $2.00/gal. 

breeze. 

over areas 
some of 

np�nnT coat appears 
area light 

"'" $ 4,466.00 

'" $ 1,364.22 

... $ 152.00 

RESISTANCE READINGS, PINHOLES AND BUBBLES IN DURALSEAL 3100 

All locations checked were 6 inches square in area opposite the specified guard 
rail posts along the easterly curb line. Posts were numbered in a northerly direction. 

Pinhole or Crater Size 
Guard Rail 1/811- i 1/16"- 1/32"- Holes and Ohms/sf 

Post II Offset 1/411 1/8" 1/16" *1/32" Bubbles Bubbles/sf Resistance 

3 2' 420,000 
3 6' �OOO 
3 12' 1 7 16 7 0 124 170,000 
9 5.5' 455,000 
9 9' 1,000,000 
9 12' 1,200,000 

10 7' 8 12 4 15 3 168 230,500 
10 12' 0 0 5 2 2 36 5,000,000 
10 18' 0 0 4 0 0 16 7,000,000 
10 24' 8 4 0 32 0 176 190,000 
10 3O' 4 4 0 8 0 64 200,000 

17.5 10' 3 6 8 4 13 136 
17.5 IS' ° 7 12 5 0 96 
17 .5 20' 0 2 2 4 0 32 
17 .5 25' ° 5 4 5 0 56 
17.5 30' 0 0 2 3 0 20 
17.5 35' 4 12 12 4 4 

I 
144 

Average 89 1,453,636 

*Holes in 1/32"- range appeared as dimples in the membrane surface, 
but offered little resistance to penetration when probed with a pencil point. 
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For more 

Membrane 

The 

When bubbles and 

material was 

the bubbles and 

on the 

, on page 1 7. 

with of 

were noted in the 

rollers. this 

, mos t  a short time later. 

to Made 

epoxy 

the 

eliminated many 

the of the prime coat. The 40 on hand covered 4800 

s quare , for an application rate of 120 square feet per 

The squeegee of 3100 polyurethane 3 

hours after coat was completed . The application rate was maintained at 

approximately 27  square feet per gallon by marking off sections of the deck for each 

10 gallon bat ch of material mixed . Numerous bubbles and pinholes appeared in the 

material at approximately the same rate as that which occurred in the prime coat . 

This was surprising , since the finish coat was applied during the late afternoon 

hours when air and moisture outgassing from the concrete would not be expected to be 

as much of a problem. 

The primer and polyurethane membrane were completed on the morning of May 18 , 

197 4 ,  when additional material was received . Rising air temperatures which occurred 

during the morning application resulted in from 100 to 200 holes and 25 to 75 air 

bubbles per square foot of area treated . Since the condition of the membrane was not 

considered satisfactory, a second coat was applied 3 days later over the 1410 square 

area, using material donated by the manufacturer.  

The number holes and bubbles in the completed membrane was recorded at 12 

locations . The number ranged from a low of 16 to a high of 1 76 per square foot . The 

of the holes and bubbles ranged up to 1/4-inch in diameter , although most were 

in the range of 1/16-inch or Individual small pinholes were visible in the 

center of some of the crater- type depressions. Many the holes in the minus 

1/32-inch range appeared as dimples in the membrane surface , but offered little res is-
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tance to when 

size and number of and 

also noted with variations 

Electrical resistance 

with a 

from 

taken on the 

Table I on page 1S, for 

in the color of the cured membrane 

to 

1 70,000 to 7 million ohms per square foot . As would be 

from 

, the lower resistance 

in areas with the number of holes bubbles. 

I on page IS) . 

The first l�inch course of asbestos pavement was the 

the membrane was The initial of the mix 

250°F to 290°F, with mos t  averaging 262°F. Pavement compaction was obtained with 

10- ton s teel and SO-psi rubber t ired 

Removal of the compacted pavement from an area which received the highest 

bituminous temperatures disclosed no visible signs of damage to the membrane system. 

A s  expected , there was very little bond between the polyure thane membrane and the 

bituminous p avement. 

Electrical resistance readings on the completed membrane-pavement system averaged 

4.5 million ohms . 
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DURAL SEAL 3100 

I 9 1  NB over Rte. 25B 

Applying 2-component polyurethane over epoxy prime 
coat. 

Air and/or moisture vapor outgassing from the concrete 
resulted in an average of 89 pinholes, craters� and 
bubbles per square foot. 
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WORK PLAN NO. 

A 70 mil 

modified with 

membrane 

resina and reinforced a 

of aromatic tars 

non-woven 

The membrane is the l'rotecto 

South Delaware Street, Denver , Colorado 80223. 

The 

the 

was not damaged by or 

of to 300°F bituminous mixes 

subj to 

pounds per square inch. The membrane displayed 

at a load of 200 

f lexibility to 

resist cracking when bent around a 5-inch diameter mandril at -10°F; however ,  

cracks occurred in the material when i t  was bent around mandrils o f  a smaller 

diameter . The membrane bridged cracks in cement mortar s labs when broken over 

a 3!16-inch anvil on 75 percent the samples tested at O°F. 

RECOMMENDED APPLICATION PROCEDURE 

1 .  Apply Protecto Wrap Number 80 Primer b y  roller , brush or squeegee at a 

rate not exceeding 150 square feet per gallon. Allow the primer to dry to 

a tack condition prior to applying the membrane. Reprime areas not 

covered within 24 hours . 

2 .  P lace the membrane wrinkle with a minimum of 3-inch overlaps in a 

manner that will provide a shingling effect toward the low s ide o f  the deck. 

Apply a bead of mastic along the upper outs ide edge of the membrane along 

the curb to form a seal . 

3. Remove the polyethylene film from the surface o f  the membrane prior 

to placing the bituminous overlay . The temperature of the b ituminous mix 

should not 280°F at the time of application. 
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I 91 southbound 
5147 + 94 , 
in Bradford, 

over Vermont Route 25B at station 
0.1 mile north of the Vermont Route 25 

Surface Texture - Varies from smooth to mn.rto�·� 

Laitance Moderate in areas. 

Time 

9:30 

10:30 

11:00 

12:00 

12:30 

1:30 

2:25 

3:15 

Initial Chloride Level 26 per million. 

Air 
Temp . 

74 

5 5  

5 7  

S 9  

6 2  

6 2  

63 

6 2  

6 3  

The concrete was sandblasted 3 
and the deck was washed the day 
began . 

the curb 
application 

% 
Humid . 

50 

46 

42 

39 

38 

37 

37 

35 

Air temperature recorded in shade. 45% average 
cloud cover. Winds 15-45 m. p . h . 

Began primer application. Necessary to heat material 
with a torch to liquify i t  as per directions of Pro tecto 
Wrap representative on p roject . Partial solidification 
of material supplied in 5 5  gallon drums may have been 
due to possible freezing during s torage . 
Placing 30-inch roll of membrane along lower easterly 
curb . 
Completed primer application with 65  gallons placed on 
6489 square feet for application rate of 100 square feet 
per gallon . Air bubbles in the p rime coat vary greatly 
in number and size (max. 1/2 - 3/4") . The variation in 
the number of bubbles may be due to the temperature 
range the material attained during heating , s ince readings 
ranged from 80°F to 110°F. 
Attempting to seal membrane along curb face by pressing 
it  into an application of CA 1200 mastic and then 
coating the edge of the membrane and adjacent areas with 
a second coat of the mastic . Necessary to lower membrane 
along curb , due to roughness along upper edge of 
epoxy mortar fillet . 
Placing 60-inch wide rolls with the aid of a pickup truck. 
Roll supported by I-inch diameter pipe and upright posts 
at tail gate. End of sheet placed on concre te or preceding 
s trip of membrane and held in place as truck moves ahead 
and membrane unrolls . 
Third strip complete . Strong winds making it  difficult to 
hold the material in place as it is unrolle d .  
5 s trips complete . Wrinkles in sheets placed earlier are 
becoming more evident as pressure from the deck builds 
up beneath the sheets . 
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Time 

4:35 

8:00 

8:50 

9:30 
10:55 

12:00 

Air 

34 

35 

38 
44 

47 

% 

Humid . 

37 

4 4  

4 2  

39 
33 

29 

membrane with a car to eliminate bubbles and 
wrinkles. to blisters with 

and then force air out . 
Rain shower. Upper of membrane sealed lY'ith mastic 
to seepage of {yater beneath sheets. 

Clear 5-10 m . p.h. breeze 

no air visible beneath wrinkles in membrane due 
to low air and deck area 

curb where sand was blown into the coat 
of Technical ok'd application 
although air below minimum 
Placing 30-inch wide along upper side of elastomeric 

dam on 45°  concrete 
Began placing seventh 
Final strip complete . Placing mastic along curb line and 
removing polyethylene release f iInt from the surface of the 
membrane. 
Application complete . Began paving. 

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE 

Hembrane Treatment 

Bituminous Concrete 

Tar Emulsion on Approach Slab 

DISCUSSION 

721 s. y.  

166 . 8  tons 

76  gals. 

@ 

@ 

@ 

$4 . 25 / s .  y .  

$9 . 90/ ton 

$2 . 00/ga1. 

== $ 3, 06 4 . 25 

== $ 1, 651.32 

"" $ 152 . 00 

For more detailed information on the application , refer to "Observations Made 

During l-fembrane Applicat ion" , on pages 2 3  & 24. 

Initial 30-inch wide rolls of the membrane were placed 2-2-1/2 inches up the 

curb slightly above the top of the 45°  epoxy mortar fillet. When it was noted 

that the material did not remain sealed against areas where the granite face was 

uneven , the membrane was cut so the top edge was in contact with the mortar f illet. 

The use of a pick-up truck to aid in placing the 60-inch wide membrane sheets 

resulted in a significant reduction in the installation time. The procedure was 

considered satisfactory although i t  appeared that slightly more air was trapped 

beneath the membrane than when the material was placed by hand and a squeegee was 

used to press the sheets against the concre te.  The procedure also resulted in a 
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variation in the amount of s ide between sheets� with a range of 

2 to 6 inches noted 

The course of asbestos modified pavement was as soon 

as the membrane ins tallation was The the mix in the 

trucks 2 7 8°F, while the ini tial in�place temperatures were recorded 

at an average of 245°F . There were no or visib le cracks in the 

either prior to or after with the and rubber tired rollers . 

Electrical resistance readings on the completed membrane-pavement sys tem 

were at infinity, indicating the system was impervious . 

WORK LOCATION #2 

I 91 northbound b ridge over State Aid Highway No. 1 at  s tation 5486 + 7 7 . 80 -
5487 + 82 . 00, approximately 5 . 7  miles north of the Vermont Route 25  interchange 
in Bradford. (Material was substi tu ted for Royston #10, due to material supply 
and s cheduling problems ) . 

DECK CONDITION AND PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture - Smoo th finish . 

C racks - None visib le .  

Average Init ial Chloride Level - 2 2  parts per million. 

Preparation - A 2 to 4 inch layer of sand was removed from the deck on July 19, 
and the concrete was sandb lasted 3 feet out f rom the curb faces on 
July 22, 197 4 .  

OBSERVATIONS MADE DURING MEMBRANE APPLICATION 

Air % 
T ime Temp . Humid .  

7-23-74 Air temperature recorded in shade . Clear a . m. 
80% cloud cover in p . m .  

8:15 6 1  6 2  Blowing deck clean with a i r  compressor . 
9 : 15 6 8  5 7  Priming deck, using paint rollers. Brushes used on 

curb face . 
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Air % 
Time Temp. Humid. 

11:20 17 42 Primer application 
on 4311 square 

per gallon. 
12: 80 Placing 3Q-inch 

lines. Copper foil 
curb. 

1: 79 37 Using pick�up truck to 60�inch wide 
2:45 78 39 3 full width sheets in place. 
4:00 79 37 7 strips complete. Placing 4 to 5-inch wide 

along curb face covering the epoxy mortar with the 
bottom of the strips lapping over the 30-inch wide 
membrane sheets. 

5: 74 44 Finished placing mastic along curb Application 
complete. 

Membrane Treatment 485 s. y. @ $4.25/8. y. '" $ 2,061.25 

Bituminous Concrete 109 tons @ $ 9.90/ton == $ 1,079.10 

Tar Emulsion on Approach Slab 51 gals. @ $2.00/ga1- "" $ 102.00 

DISCUSSION 

For more detailed information on the application, refer to "Observations Made 

During Membrane Application", on pages 25 & 26. 

The membrane system was installed without difficulty. The day following the 

installation, approximately 2000 square feet of P-IOO protection sheet was placed. 

The 2-foot wide by 50-foot long rolls were placed longitudinally from the northerly 

expansion dam. The installation was completed quickly, with individual strips 

butting each other. After rolling the material with a I-ton truck, a check of 

several areas revealed excellent adhesive bond between the P-IOO protection sheet 

and the M-400 membrane. Entrapped air was noted at about 10 locations� and was 

released by puncturing the protection sheet. 

The first I-inch course of asbestos modified pavement was placed on July 25, 

1974. The temperature of the mix in the trucks averaged 280°F, while initial in-

place temperatures averaged 240°F. Although no blisters occurred in the pavement 

during compaction, a blister was noted in the completed system approximately 2 weeks 
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puncturing the 15-inch diameter blister, no 

were noted. 

I 
5615 + 47 
Bradford. 
supply and 

WORK LOCATION #3 

southbound bridge over State Aid Highway No . 5 at s tation 5 6 14 + 
approximately 4 . 6  miles south of the U . S. Route 302 interchange in 
(Material was substituted for Duty Bituthene , to material 
s cheduling problems). 

DECK CONDITION AND PREPARATION PRIOR TO �mMBRANE APPLICATION 

Surface Texture - Smooth finish . 

Cracks - None visible 

Average Initial Chloride Level - 29 parts per million . 

Preparation - The concrete was sandb lasted 3 fee t  out from the curb faces and 
was b lown clean prior to the membrane installation . 

OBSERVATIONS MADE DURING MEMBRANE APPLICATION 

T ime 
Air 
Temp . 

% 
Humid . 

8-12-74  Air temperature recorded in  shade. Clear . 2-5 m . p . h .  
breeze . 

8:45 60 
9:00 62 

10:40 7 8  

11:15 80 

12:25 83 
1:30 84 

43 
40 
23 

18 

17 
16 

Warming primer with torch to reduce viscosity . 
Priming deck, using paint rollers . 
Primer application complete . Numerous bubbles visible 
in the prime coat , with the larges t  ranging up to 5/8-
inch in diameter . 
Finished placing 30-inch wide membrane sheets along 
curb l ine . Beginning placement o f  60-inch wide sheets 
with aid of a p ick-up truck. 
System complete except for cap section and mastic.  
Installation complete.  

COST OF  PROTECTIVE MEMBRANE AND BITUMINOUS WEARING SURFACE 

Membrane Treatment 594  s .  y .  

Bituminous Concrete 114 . 4  tons 

Tar Emulsion on Approach Slab 33 gals. 

2 7  

@ 

@ 

@ 

$ 4 . 25/s . y .  

$9 . 90/ton 

$2. 00/gal .  

"" $ 2 , 524 . 50 

,., $ 1 , 132 . 56 

"" $ 66 .00 



For more detailed infonnation on the , refer to "Observations 

Hade Membrane on page 27 

The membrane installation ,vas \vithout The 

scheduled for 22, 74, was when the of 

bituminous mix for the project was recorded at 330°F to in the 

trucks. of a rubber tracked paver on the deck also resulted in 

to the membrane near the centerline On the half of the deck. The 

damage was confined to 26 half-inch square areas where the portion of the membrane 

above the reinforcement was pulled off the sheets. The was placed the 

following at which time the of the mix ranged from 250°F to 270°F, 

with initial in-place temperatures averaging 230°F. There were no blisters or 

cracks visible in the pavement either prior to or after compaction. Electrical 

resistance readings on the completed membrane and first course of pavement were 

recorded at infinity, indicating a waterproof system. 
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WORK PLAN NO . 27B 

A , hot PVC membrane The 

and is  with squeegees in minimum The 

is wi th roll roofing to its ' upon 

cooling . The NEA 4000 is  by Posh Chemical , Inc . , 17 

Matinecock Avenue , Port Washington , N. Y. 1105 0 .  

Samples of the material did not crack when bent around a one-inch mandril 

at Oop , but failed to bridge cracks in cement mortar slab s  when broken over a 

3/16-inch anvil at Oop . Adhesion to con crete was rated only as fair , but did not 

appear to worsen af ter six months immersion in water . The material was not 

damaged by puncture or heat f rom bituminous mix when protected with roofing pape r .  

App lications of the material without the roll roofing o n  concrete test s labs 

produced satisfactory resistivity readings o f  two to four million ohms . 

RECOMMENDED APPLICATION PROCEDURE 

1 .  P lace the liquid PVC polymer in a double-boiler indirect fired melter-

applicator or special f ield extruder and heat to 2 7Sop-300o F .  

2 .  After the compound has attained the proper temperature , pump i t  directly 

onto the concrete deck and use a squeegee to obtain the desired 9 0-mil 

thickness at two square yards per gallon . 

3 .  P lace 65-pound roll roofing (ASTM D-224) over the memb rane , butting all 

j oints . 

WORK LOCATION 

The I 9 1  southbound b ridge over S tate Aid Highway No . 1 at station 
5 488+15 - 5489+20 , approximately 5 . 7  miles north of the Vermont Route 25 inter­
change in Bradfor d .  
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Surface Texture � finish . 

10:45 

11:45 

12:35 

1:30 

1:55 

2:05 

Initial Chloride Level 30 per ULl • •  1.. ... ..I.vu 

Air 

71° 

73° 

74° 

75° 

1 2° 

A two to four inch 
the concrete was 

sand was removed from the deck and 
three feet out from the curb faces 

% 

28 

30 

40 

50�100% cloud cover.  Showers occurred previous day. 

Began placing NEA 4000 along north line . 
Roofing sheet placed in twelve to 
with end joints staggered . 
152 s.y. of deck covered in of three thirteen 
foot wide passes. Material temperature recorded at 
255°F�260oF at tip of extruder hose. 
Bubbles and craters noted in material prior to 
installation of roofing sheet. Concrete visible 
beneath a small number of the bubbles broken open for 
inspection . 
Deck complete . Placing second coat of elastomer 
immediately adjacent to curb face . 
Installation complete. 280 gallons applied on 485 
s . y. for rate of 1 . 7 s.y. per gallon or an approximate 
lOS-mil thickness. 

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE 

Membrane Treatment 

Bituminous Concrete 

Tar Emulsion on Approach Slab 

DISCUSSION 

485 s . y . 

95.9 tons 

35 gals. 

@ $ 4 . 00/s.y . 

@ $9 . 90/ton 

@ $ 2 . 00/ga1 . 

"" $ 1 , 940. 00 

"" $ 947. 43 

... $ 70. 00 

The NEA 4000 system was placed utilizing a heater-field extruder supplied 

by the manufacturer .  Technical representatives were also present during the 

application . Six workmen completed the 485 square yard deck in three hours and 

twenty minutes . Their duties included moving the truck and tire-mounted extruder ; 

keeping the extruder tanks filled with five-gallon units of the liquid polymer ; 

applying the material via an extruder hose ; leveling the material with a squeegee ; 

and placing the roll roofing on the liquid membrane. 

A few bubbles were noted in the liquid membrane prior to the installation of 
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the. sheets . Concrete was beneath 

open. Adhesion of the material to the 

the texture and the concrete. or pulling of 

at locations workmen on it to 

roll The sheets were in ten to twelve 

soon as the liquid membrane was leveled with a squeegee . All j 

with gaps over 

membrane and 

of air beneath the sheets. 

between sheets. Adequate 

sheet and there was no evidence 

the 

with 

material 

the 

as 

were butted 

was noted 

any 

When was complete, an additional bead of the liquid mATnnr was 

applied along the curb and allowed to flow down onto the horizontal 

membrane surface and the edge of the outer sheet of roll roofing . A total of 280 

gallons were applied, for an application rate of 1 . 7  square yards per gallon and 

a film thickness of 105 mils. 

Electrical resistance readings were taken at three locations not covered 

with roofing sheets at the end of the protective system. The readings ranged from 

1 . 1  million to 2 . 9 million ohms. Readings taken on the roll roofing were recorded 

at infinity, while readings on two coats of tar emulsion placed on the approach 

slabs averaged 700 ohms . 

The first course of asbestos modified pavement was placed On August 6 ,  1974, 

twenty-four hours after the system was completed .  Initial in-place mix temperatures 

ranged from 210°F to 255°F . Some pulling of the modified mix was noted beneath 

the paver ' s  screed with the lower mix temperatures. Because a reduction in the 

stability of the membrane was anticipated during the pavement application , the 

deck was paved from north to south on a negative 3 . 5% grade . The only significant 

problem occurred when the paver began the final pass along the easterly curb line 

with its tires riding On the edge of the mix placed On the previous pass. After 

progressing eighteen feet, the paver ' s  small front tire sank into the bituminous 

mix and began plowing the mix and occasionally tearing and peeling the roofing 
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sheet and of the membrane off the concrete. The was 

by the paver up and 

tire b ack on the of the 

using a steel 

mat. 

as a ramp to get the 

to the membrane was 

to areas a 1 2 . 5  to 13 . 

curb. A limited amount of construction 

the 

was allowed over 

the week , at which time seven short transverse and longi� 

tudinal 

the 

were 

<;;"'J".:"'''" ......... dam in the 

All were within an area six to twenty south of 

lane. The were the of shoving of 

bituminous pavement in an area with than one-inch , combined 

from edges and ends of the The 

traffic volume declined during the next thirty day and nearly all of the 

cracks sealed over prior to the application of the top course of p avement on 

September , 197 4 .  

The final one-inch course of pavement was placed on the deck on a +3 . 5% 

grade in conjunction with the finish roadway pavement . The operation included 

the use of two pavers, with the larges t  machine placing a twenty-four foot wide 

mat .  Soon after moving onto the deck , the paver' s  tires began spinning 

and digging up the first course of pavement .  Occasional shreds o f  roofing sheet 

and membrane were revealed at a few locations . Attempts to reduce the load 

in the hopper Were not sufficient to a llow the p aver to move forward without 

damaging the first course of pavement. The northerly half of the deck was 

comp le ted by using a ten-wheeler to tow the paver. 

Future evaluations of the membrane system will be conducted in areas where 

there was no initial damage to the membrane system. 
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NEA 4000 

I 91 SB over SA #1 

• p 

Extruding and leveling the hot PVC 
polymer liquid . 

Applying a second coat along the curb 
face . Note roofing sheet protection 
sys tem .  

Membrane adhesion varied with the 
texture and quality of the substrate. 

Problems due to t he paving procedure 
combined with reduced pavement s t ability 
over the membrane . 



WORK PLAN NO . 28 

A 125 mil thick preformed sheet memb rane composed of pi tch and poly 

vinyl chloride polymer with inert f ibers. The 

factured by Ruberoid Building Products , L td . , 1 New Oxford S t ree t , London 

WClA !FE (England) . 

TEST RESULTS 

The material was selected as one of the 5 most promising b ridge deck 

membrane systems in the National Cooperative Highway Research P rogram , P roj ect 

12-11 . The selection of Hyload 125 was based on the results of laboratory 

tes ts conducted by Materials Research & D evelopment of Oakland , Calif . 

RECOMMENDED APPLICATION PROCEDURE 

1 .  Apply a prime coa t  o f  cutback asphalt a t  the rate o f  90-150 square feet 

per gallon and allow to dry thoroughly . 

2 .  P lace Glasphalt Perforated Underlayer to avoid risk of b lis tering. 

3 .  P lace 125 mil membrane sheet into an application of hot Type III or Type 

IV roofing grade asphalt using pour and roll technique , or wi th the aid of 

a roofer ' s  mop . The membrane shall be placed in such a manner that a shingling 

effect will be achieved and any water which accumulates will drain toward the 

curb and the drain tubes . The asphalt and membrane shall overlap previously 

applied membrane by at least 4 inches at the sides and 6 inches at the ends . 

WORK LOCATION 

I 91 northbound bridge over Town Highway #6 at s tation 5218 + 74 - 5220 + 24 , 
approximately 0. 4 mile north of the Vermont Route 25 interchange in Bradford . 

DECK CONDITION AND PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture - Moderate to smooth finish. 

C racks - A few light pattern cracks noted at scattered locations . 

Average Initial Chloride Level - 4 8  parts per million . 
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Time 

1 : 30 

2 : 30 

9 : 00 

10 : 30 

2 : 00 

2 : 40 

3 : 50 
4 : 45 
5 : 30 

10 : 45 

1 : 15 

1 : 40 
3 : 45 
4 : 45 

Air 

6 8  

4-29-7 4  

61 

6 7  

7 1  

73 
7 2  
7 1  

4-30- 74 

6 4  

6 9  

7 0  
7 5  
7 4  

compressor was 
cation. 

64 

62 

62 

57 
60 
6 3  

45 

39 

35 
31 
32 

the mortar was very 
of 

Air recorded in shade . 

Applying RC 70 primer on deck with squeegees . 
Material , manufactured by Philip Carey Corp. , meets 
ASTM D4l-4l and AASHTO Ml16-42 specifications . 
47 gallons of primer applied on 59 , 60 0  square feet 
for application rate of 127 square feet per gallon . 
Bubbles were noted forming and breaking continually 
in the primer system due to solvent evaporation and 
moisture vapor outgass ing from the concrete. 

75-100% cloud cover.  

Thin shelled air bubbles noted throughout the prime coat 
at rates of 170-750 per square foot.  Electrical resis­
tance readings on the prime coat averaged 3500 ohms per 
square foot.  
lo-foot long copper foil s trips placed 2 . 6 feet from 
westerly curb at a point 11 to 2 1  feet north of approach 
slab j oint . 
Placing Glasphalt Perforated Underlayer on p rimed 
concrete. 60-foot by 3 . 2 75-foot sheets butted at sides 
and ends . 
Placing Hyload 125 membrane into Type III roofing grade 
asphalt ,  using pour and roll technique . 
1-3/4 strips in place . 
Asphalt temperature ranging from 340°-460° . 
4-1/2 strips in place . Application s topped at 6 : 15 
due to showe rs . 

10-25% cloud cove r .  

Placing s trip along easterly curb line . Asphalt 
temperature 395°F. 
Foot traffic on membrane shortly after application 
results in some of the asphalt squeezing out , leaving 
imprint . 
S s trips in place . 
Placing Hyload sys tem on 18-inch square test slab . 
Application comple te .  Placing tar emulsion on approach 
s labs . 
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Treatment 

Bituminous Concrete 

Tar on 

For more 

Made During Membrane 

installation of 

A Type III 

Slab 

676 s . y .  

. 4  tons 

@ 

@ 

@ 

$S . OO/ s . y .  

$9 . 90/ton 

$ 2 . 00/ga1 . 

, 241 .  46 

$ 136 . 00 

on the ins tallation � 

, on page 

to "Ob servations 

the Ruberoid Company were on the proj ect the 

asphalt was used as the bonding adhesive . Type 

IV asphalt , which was not available , would have been preferred by the manufactur­

er since it would be less apt to flow during the application of the bituminous 

pavement or during warm weather conditions . The pour and roll technique was used 

to adhere the 125 mil membrane sheet to the perforated underlayment .  I t  consisted 

of placing the sheet in position , then re-rolling the membrane back to the mid-

point of the roll.  Hot asphalt was then poured directly front of the membrane 

which was rolled back into the asphalt . Hand pressure on the roll of material 

forced excess asphalt to the s ide of the sheet where workmen spread the material 

with wide spatulas . 

The f irst course of asbestos modified pavement was placed on May 2 ,  19 74 , 

three days af ter the membrane system had been completed . The mix temperatures 

in the trucks ranged from 270°F to 295°F , with initial in-place temperatures 

averaging 255°F . Pavement compaction was obtained with a wheeled 8-10 ton 

roller . 

Removal of the hot bi tuminous mix f rom a small area revealed s light pene­

tration of the mix into the a sphalt adhesive along the butt j oints but no pene­

tration into the membrane . One boil was noted in the pavement adj acent t o  the 

expansion dam. The escape air was noted when the pavement and membrane were 

punctured with a knif e .  Three longitudinal cracks measuring 8 inches , 12 inches 
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at , 12 ,, 8  and 9 7 foot 48 inches in 

from the 

were also 

curb . air pressure was noticeable under foot 

pressure over two of the three cracks . 

resistance frO'lIl 5 to on the 

A 2-inch sand b lanket was over the one-inch course of 

bituminous construction traffic was routed over the for 

approximately 2-1/2 months . On August 5 ,  1974 ,  several 

b lanket was removed , of the deck revealed 5 

pavement and membrane system. The blisters were 

the 

in the bituminous 

at 12 inches in 

16 by 24 inches ,  18 by 24 inches , 18 by 36 inches and 6 by 48 inches .  The pave­

ment thicknes s  immediately adj acent to the blisters ranged from a minimum of 3/8 

of an inch to a maximum of 13/16 inche s .  There was n o  evidence of any air p ressure 

prob lem when the blisters were first noted in the early morning. However , as the 

day progressed and air temperatures began rising , the membrane lifted the pave­

ment from 1 to 3 inches off the deck at the center of the blisters . The ver tical 

movement of the pavement resulted in numerous cracks in the mix and a loss of some 

pavement in areas subj ect to traf f ic . The following day the b listers were punc­

tured with a j ackknife and the cracked bituminous pavement over and adj acent to 

the blisters was removed .  Asphalt emulsion was brushed over the exposed membrane 

and bituminous mix was p laced by hand and compacted with a one-ton roller . No 

further problems occurred at the f ive locations . However , three new blisters 

formed within the next few days . The areas were patched on August 19th , by cutting 

open the membrane and underlayment and rebedding both materials in an application 

of hot asphalt .  A strip of the membrane sheet was then p laced in hot asphalt over 

the cut areas . The f inal one-inch course of bituminous pavement was placed without 

difficulty several days later . 

Inspection of the deck on October 11 , 197 4, disclosed a 14 foot longitudinal 
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crack 15 . 4  feet from the �a,���"� curb , 

feet from the 

to the site of an earlier and the 

at a 28. 3 

the crack was 

the curb was also 

the same as that of three other blisters. The width of the crack 

varied from a visible condition near the middle, to a maximum of 1/4  inch 

near the ends where air pressure was noted. The escape of air was when a 

was to puncture the membrane at each end of 

transverse and longitudinal cracks were also noted 6 to 8 

line , approximately 2 and 11 from an earlier blister. 

with a cutback asphalt prior to November 1 ,  19 74.  

crack. One foot long 

west of the center-

All were filled 

Five additional blisters occurred in the pavement-membrane system during the 

spring of 1975 .  The first blister was noted i n  April near the midpoint of the 14 

foot longitudinal crack . Additional blisters occurred at 13 . 3  foot to 15 . 7  foot 

offsets from the easterly curb line in close proximity to earlier blisters. 

Repairs ,  to date , have consisted of puncturing the membrane and replacing the 

cracked bituminous pavement with cold patch. 

On August 26 , 191 5 ,  a detailed inspection was made in an attempt to determine 

why the ventilating underlayment was not insuring the lateral dissipation of vapor 

pressures and their eventual release via drain tubes placed along each curb line. 

The inspection included removal of the pavement over 3 drain tubes opposite the 

majority of the blisters and inspection of an 18 inch square area in the breakdown 

lane . All 3 drain tubes were partially blocked with bituminous mix ; however, 2 

allowed the flow of water and should have permitted the escape of air or moisture 

vapor pressures from beneath the underlayment portion of the membrane system. The 

plugged tube was probably never functional and may have been pinched shut when the 

deck was cast. Removal of the pavement from the 18 inch test area revealed a 

noticeable concentration of moisture on the surface of the 125 mil thick sheet 

membrane . Very little adhesion was detected between the pavement and the membrane , 
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due to the existance of the moi s ture. The surf ace o f  the memb rane 

no ill 

s ame as it had been 

f rom the the 

to i t s  installation . Removal of a 6 inch square section 

of the sheet membrane , bonding and revealed a bond 

to the primed c oncrete as evidenced by the p resence of 1 2 

laitance or concrete f ines on the bot tom of the shee t . Although the 

adhesion was 

d id no t appear 

pressures . 

than , the overall b ond of underlayment to concrete 

enough to prevent lateral movement of air or moi s ture vapor 

The inspec tion appears t o  confirm that the system is f ree of voids or punctures 

which would allow the deck to b reathe and apparently developing p ressures are s imply 

f inding it easier to lift the membrane and p avement rather than move laterally 

across the deck and vent via the drain tubes . I t  i s  possib le that the blis tering 

prob lem would not have occurred if both pavement courses had been p laced shortly 

a f ter the memb rane application and if the total p avement thickne s s  was closer t o  

the 3 inch range rather than 2 inches . 

A recommendation has been made to cut out and repave p atched areas and apply 

a third lif t of p avement over the deck . The third course should be as thick as 

possib le , s ince addi t ional dead weight on the memb rane is p robably the best insur­

ance against further b lis tering . 
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UYLOAD 125 

I 91 NB over TH #6 

<Rolling Hyload Membrane into applica­
t ion of hot roofing grade asphal t .  

Blisters which rose daily wi th the 
increase in ambient temperature ranged 
up to 18" X 36" in size . 

Blis ters in Memb rane and f i rs t  cours e 
of pavemen t • 

Inspection did not dis close any reason 
why p ress ures should not have dispersed 
laterally via the ventilating underlay­
ment e 



WORK PLAN 

A sheet memb rane 

by the 

NO . 29 

o f  vulcanized butyl rubber .  The 

, Carlisle , P a .  17013 . 

The material was selected as one of the 5 mos t  promising b ri dge deck 

membrane in the National C ooperative Highway Research P rogram, P roj e c t  

12-11 . The sele c t ion o f  Sure-Seal Butyl l-lemb rane was b ased o n  the o f  

laboratory test s  conducted by Materials Research & Development of Oakland , Cali f . 

RECOMMENDED APPLICATION PROCEDURE 

1 .  Posit ion the membrane sheet on the deck allowing for a 4-inch lap on j oint s . 

Fold the sheet b ack onto itself along i t s  ent ire length so that 1 / 2  o f  the 

sheet width is exposed . App ly Sure-Seal bonding adhesive to both the memb rane 

and the deck with a roller . 

2 .  Af ter the required drying time , roll the membrane back onto the deck taking 

care to avoid any wrinkles or air bubbles . Assure f i rm and uniform contact 

wi th the deck by rolling the membrane . Repeat p rocedure for the s econd half 

of the sheet and continue application toward the centerline or high side o f  

the deck . 

In the event air bubbles or blis ters form under the membrane , punct ur e  such 

areas and patch with additional material . 

3 .  Splice j oints b etween sheet s  a minimum o f  4 inches ,  using splicing cemen t , 

gum tape and lap sealant supplied by the manufacturer . 

4 .  P lace protection board over the membrane , using Sure-Seal adhesive as the 

bonding agen t .  
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The northerly half o f  the I 9 1  northbound bridge over the Wells River at 
station 5 86 1  + 05 5864 + 39 , approximately 0 . 1  mile north o f  the u. s .  Route 302 

erc::ncmge in 

Surface Texture Smooth to burlap f inish . 

Cracks - See crack layout on Figure 1 , page 46 Thirty-eight transverse 

S teel 

cracks up to 39 feet in length were noted in the deck surface , 
with most also visible on the bottom of the deck . 

Readings - Initial 0 . 10 volts . 

Average Initial Chloride - 5 6  per million . 

Prep aration - The concrete was sandblasted 3 out from the curb and 
blown clean prior to the membrane application . 

OBSERVATIONS MADE DURING MEMBRANE APPLICATION 

Time 

8 : 30 

11 : 15 

11 : 55 

12 : 25 

12 : 35 

1 : 20 

3 : 00 
3 : 35 

5 : 05 

Air 
Temp . 

6-4- 7 4  

5 4  

6 9  

7 1  

71  

7 1  

7 4  

80 
7 8  

80 

% 
Humid . 

5 8  

4 1  

34 

34 

3 4  

3 2  

2 6  
30 

20 

Air temperatures recorded in shade . C lear a . m . ; 
40% cloud cover p .m.  Two Carlisle representatives 
on proj ect . 

Deck surface dry although showers occurred 12 hours 
earlier . 
Four 10 t -8" x 85 t butyl rubbe r  sheets p laced in 
posit ion on the northerly end of the deck. Sheet 
overlap at the 3 j oints averages 1 . 1' . Lap up the 
epoxy mortar fillet at the curb face averages 1-1/2" . 
Two sets of moisture sensing copper foil s trips placed 
2-1 / 2 '  from the curb on each side of the bridge at a 
point 118 ' to 128'  south of the northerly approach s lab 
j oint . 
Began placing 90-8-l0A Bonding Adhesive with p aint 
rollers on the concrete along the wes terly curb and on 
the bottom of the rubber sheet . 
920  in the sun . Carlisle repre sentative advised that 
the sheet should be rolled back onto the concrete when 
the adhesive is t ack f ree to the touch but still s ticky . 
Entrapment o f  any solvent in the bonding adhesive would 
result in blisters . 
Rolling half o f  first sheet b ack onto the concrete by 
sliding the sheet over itself . 
A few lIS-inch d iameter air bubbles visible in the 
b onding adhesive on both the concrete and the butyl shee t . 
Four men p lacing adhesive on first half of second sheet . 
Noted increase in adhesive bond between the b utyl sheet 
and deck over that f ound shortly after placemen t .  
Installation complete o n  first 4 sheets covering 3315 
square feet . 48 gallons of bonding adhesive used for 
application rate o f  69  square feet per gallon . 
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Time 

6:25 

8 : 30 
10:15 

11:45 

1:50 
2:50 

8:20 
10:00 

3:00 

6:15 

2:00 

5:30 

8:30 

11:00 
3:30 
5:30 

Air 
Temp . 

18  

6 6  
7 2  

8 2  

83 
83 

6-6-74 

60 
77 

78  

7 2  

6-8- 7 4  

78 

85 

6-10-74 

65 

86 
9 2  
88  

% 
Humid . 

25 

48 

35 

35 
33 

53 
48 

48 

53 

41  

35 

4 7  

4 2  
33 
36 

Noting a few bubbles in the sheets 
earlier . 

back on the deck. 
2 additional sheets 

Clear. 2-5 m. p . h .  breeze . Four Nn'rwrn�n 

Bonding half of 2 sheets 

the membrane 
with half 

half of deck. 

on p roj ect. 

Cleaning mica from edges of sheets along longitudinal 
j oints with xylol solvent . Splicing sealant applied with 
paint brushes on adj acent faces of overlapping sheets at 
a rate of approximately 100 square feet per gallon. 4-1/4-
inch wide by 20-mil thick non-curing butyl gum tape placed 
along the bottom of the top sheet after the splicing 
sealant becomes tack free . 
Note overlapping sheet not bonded down to underlying sheet 
between lap splice and edge of overlap where bonding 
adhesive was not placed . Build-up of air pressure in these 
areas due to high temperatures might cause difficulties in 
compacting the bituminous pavement . 
94° in sun. 
Splices complete on sheets in p lace . Not able to continue 
until additional bonding adhesive is obtained.  

Clear. 0-3 m. p . h . breeze . 

Applying adhesive on first half of last 2 sheets . 
Finishing last 2 sheets . Noting an increase in 2"-3" 
diameter air bubbles beneath sheets placed on June 5 and 
June 6, although nearly all can be sealed down with foot 
pressure . 
Applying 4 gallon batch of Liquiseal; a two-component 
polyurethane along butyl sheet at curb face . 
Finished sealing curb line with polyurethane . Application 
averaging 55 lineal feet per gallon . 

Protection boards (Carey Elastibord Vapor S top) complete 
on EPDM system. Beginning installation on Butyl membrane . 
Half of Butyl system covered . 

Three man crew on proj ect to complete ins tallation of 
protection boards . 
1020 in sun .  
Mixing f inal batch of Liquiaeal f o r  curb line seal . 
Ins tallation complet e . 
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Membrane Treatment 7 40 s . y .  @ $9 . 7 5 / 8 . y .  .. $ 7 � . 00 

Bi tuminous Concrete 2 45 . 7  tons @ $ 9 . 9 0 / eon '" $ 2 , 43 2 . 43 

Tar Emulsion on Slab 4 2  @ $ 2 . 00/gal . .. $ 84 . 00 

DISCU S SION 

For more detailed information on the installation , refer to Made 

During Membrane App lication , "  on pages 4 2  & 4 3 .  

Two of the C arlisle Company were on the proj to oversee 

the ins tallation of the Butyl and EPDM The ll-foot by 8S-foo t s i ze of the 

individual Butyl made them appear unwieldy ; however , thei r  app lication 

progressed without difficulty using the technique described in the appli cation 

p rocedure on page 4 1  Initial wrinkles i n  the shee ts due to p ackaging were worked 

out by positioning the material on the deck and allowing i t  to relax with the heat 

of the sun . Although care was taken to insure the membrane and concret e  surface were 

both comp le tely coated with the bonding adhesive , several 2"-3" diameter blisters in 

the membrane revealed a lack o f  bonding adhesive on one interface when cut open for 

inspection. In such cases the membrane could be s tuck down with very l i ttle pressure , 

but would not remain bonded as the air pressure developed . Although concern was 

express ed over the amount o f  mica dus t visible on the shee t s , the bonding adhesive 

apparently tied up such parti cles s ince there was no evidence that excesses of the 

powder prevented the development o f  bond between the memb rane and the deck. 

The procedure for sealing the s ide and end lap j oint s  between shee t s  appeared 

very effective . A lthough the butyl sheets were not bonded to the deck at the j oint 

locations and a build-up of air was noted with time , such areas did not cause serious 

problems with the p lacement of the p ro tection boards or with the pavement application . 

L iquiseal , a two-component p olyurethane was p laced along the curb line to assist 

in sealing between the butyl sheet s  and the granite and epoxy mor tar f illet . The 

p rocedure cons is ted of placing the polyurethane behind the memb rane , forcing the 

excess material out from behind the sheet and allowing it to flow down the outside 
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face . The was then reworked up onto the face several times , with 

each building up the as the material thickened with additional 

cure time. 

butyl membrane was covered with butted 3-foot 

thick Carey Elastib ord Vapor S top protection boards . The 

8-foot 

was 

bonded to the membrane with applications of the bonding adhesive on the surface of 

the and the bottom of the boards . The procedure was time consuming ) with 

approximately 34 manhours required to the protection boards on 740 square 

of membrane . 

E lectrical resistance readings taken on the Butyl Membrane ranged from 9 , 500 

to 18 , 000 ohms. Such readings indicate the presence of conductive material/s such 

as carbon in the butyl sheets . Readings on the protection board covered membrane 

were recorded at infinity , with the exception of variable readings noted over butt 

j oints in the protection boards . Due to the variation in readings, follow-up 

evaluations of the Sure-Seal Butyl System would not appear practical utilizing the 

electrical resistance tes t . 

The presence of rain water beneath a small percentage of the protection boards 

resulted in postponement of the pavement application following completion of the 

membrane system. After allowing 3 drying days, the first course of bituminous mix 

was placed on June 14, 1974 . The initial in-place mix temperatures ranged f rom an 

average of 276° p on the first pass to 2 20° F on the fourth pass . Although blisters 

or cracks were not noted during paving or initial compaction, close inspection of the 

deck several hours later revealed 15 f ine cracks averaging 2 . 4-feet in length .  Of 

the 15 cracks , all but 2 were longitudinal and 11 occurred at 15, 25  and 35-foot 

offset s ,  which indicates they were probab ly the result of incomplete bonding adhesive 

coverage at the midpoint of the II-foot wide sheets . 

There was no noticeable change or increase in the number o f  cracks over the 

Butyl system prior to the application of the f inal course of pavement in late 

September , nor did any cracks or blisters occur in the finish pavement .  
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FIGURE 1 

I Northbound over lvcl l s  River 

Cracks in Concrete Deck 

All cracks were .noted on of deck . 
locations are to scale . Vertical scale 40 ' / in .  

32 0---

300 _ 

280 _ 

2 60 -

240_ 
-- .. -"'" .... � 

220 -

--

200 -
r---

18 0 

16 0 -

140 -

120 -

100_ 

8 0-

c 

60-

·40 _  

2 0_ 

46 

Length of cracks and 
Hor izontal scal e  10 ' 

-
-



\-lORK PLAN NO . 30 

A sheet membrane o f  a cured EPDH rubber 

C ar li s le , P a .  1 7013 . 

The i s  manufactured by the Carlisle Corporation , 

The material was selected as one o f  the 5 mos t  p romising b ridge deck 

membrane in the National Cooperative Highway Research P roj e c t  

12-11 . The selec tion of Sure-Seal EPDM Membrane was b ased on the results o f  

laboratory tes t s  conduc t ed by Materials Research & Development of Oakland , Cali f . 

RECOMMENDED APPLICATION PROCEDURE 

1 .  Posi tion the membrane sheet o n  the deck allowing f o r  a 4-inch lap on j oint s .  

Fold the sheet b a ck onto i tself along i t s  entire length s o  that 1 / 2  o f  the 

sheet width is exposed . Apply Sure-Seal bonding adhe s ive to both the memb rane 

and the deck with a rolle r .  

2 .  After the required drying time , roll the membrane b ack onto the deck taking 

care to avoid any wrinkles or air bubbles . Assure firm and uni form contact 

with the deck by rolling the memb ran e .  Repeat p ro cedure for the second half 

o f  the sheet and continue app lication toward the centerline or high s ide o f  

the deck . 

In the event air bubbles or blisters form under the memb rane , puncture such 

areas and patch with additional materia l . 

3 .  Splice j oints b etween shee t s  a minimum o f  4 inches , using spli cing cement ,  

gum tape and lap sealant supplied by the manufac turer . 

4 .  P lace protection board over the memb rane , us ing Sure-Seal adhesive a s  the 

bonding agen t • 
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The half the I 91 northbound over the Wells River 
at station 5861 + 05 - 5 86 4  + 0 . 1  mile north of the u . s .  Route 
3 0 2  

Surface Texture - Smooth to mf1.� p r-u rough finish . 

C racks See crack layout on 1 , page 46 . Thir ty-eight transverse 
cracks up to 
with mos t  also 

in length were noted in the deck surface , 
on the b o t tom o f  the deck . 

S teel P otential Readings Initial readings on the deck 0 . 10 vol ts .  

Initial Chloride Level 5 6  p e r  mil lion . 

P reparation The concrete was sandblasted J feet out f rom 
blown clean p rior to the membrane application . 

curb and 

OBSERVAT IONS MADE DURING MEMBRANE APPLICATION 

Time 

9 : 30 

1 1 : 10 

1 1 : 45 

1 : 00 
3 : 00 

4 : 30 

6 : 45 

8 : 45 

1 2 : 00 
1 : 30 
3 : 00 

4 : 15 

5 : 30 

Air 
Temp . 

6-6-7 4  

7 2  

80 

8 0  

80 
7 8  

7 9  

1 1  

6-7- 7 4  

6 2  

7 3  
7 4  
7 7  

7 6  

7 2  

% 
Humid . 

5 0  

4 6  

4 4  

4 9  
48 

5 1  

5 3  

4 5  

2 5  
2 7  
2 5  

24 

27 

Air temperatures recorded in shade . 50% cloud cover . 
5-15 m . p . h .  b reeze . One Carlisle representative on 
proj ec t . 

P lacing 100-foot by 20-foot EPDM sheets along s outh­
eas terly curb line . Sheets will be cut in half long­
i tudinally to aid in p lacement .  
Copper foil s trips p laced 2-12 feet north o f  firs t drain 
s cuppers along both curb line s .  
Several small wrinkles noted i n  sheet p laced along 
eas terly curb . Material may not have been stretched 
out enough when first p laced on the deck. 
3-1 / 2  sheet s  b onded in place . 
1 man cleaning mica dus t f rom edge o f  sheet at curb f ace 
prior to p lacing Liquiseal polyurethane . 
2 men p lacing Liquiseal along Butyl and EPDM sheets a t  
curb l ine while remainder o f  crew continues s heet appli­
cation . 
App lication s topped . 

C lear . 5-10 m . p . h .  b reez e .  

5 man crew o n  proj ect splicing EPDM and Butyl shee ts at 
midpoint o f  deck . 
All sheet s  in p lace . 
Splicing lap j oint s  between membrane sheet s . 
Sealing membrane around s cuppers with lap sealant along 
westerly curb and using Liquiseal around s cuppers on 
eas terly curb . 
Curb l ine seal complete . P lacing Carey Elas tibord Vapor 
S top on EPDM membrane at southerly end of deck. 
Application s topped with protection b oards p laced on 40 
lineal f ee t  of deck . 
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Air % 
T ime Temp . Humid. 

Clear . 

8:00 56 48 5 man crew 
10:20 Taking electrical resistance tests on areas not 

with protection 
11:00 7 5  3 9  9 3° in sun. 14 lineal boards in , by 13 boards 

wide. 
12:00 76  28 Protection boards 

Membrane T reatment 740 s . y .  

Bituminous Concrete 122 . 8  tons 

Tar Emulsion on App roach Slab 21 

DISCUSSION 

on 

@ 

@ 

@ 

the EPDM 

$ 9 . 75/s . y .  

$ 9. 90/ ton 

$2 . 00/gal . 

$ 7 ,  . 00 

"" $ 1 ,  • 72 

"" $ 42 . 00 

For more detailed information on the installation, refer to "Observations �lade 

During Membrane Application, " on pages 48 & 49 . 

The procedure used to install the EPDM membrane was the same as that used on the 

Butyl system. The material was supplied in 20-foot by 100-foot lengths, which required 

cutting in 10-foot wide strip s .  A total of 4 laps were required across the deck with 

an IS-inch cap strip placed at the midpoint of the 39 . 3-foot width . 

E lectrical resistance readings were taken on the membrane prior to placement of 

the protection boards . As was the case with the Butyl membrane, the material prod�ced 

low resistance values . Average readings on 3 different sheets were recorded at  52,000, 

92, 000 and 184, 000 ohms . Readings taken on lapped j oints averaged 39,000 ohms . The 

lower readings over the j oints may have been due in part to the absence of bonding 

adhesive directly beneath the spliced sheets . Readings on the p rotection boards were 

recorded at infinity except for lower variable readings over butt j oints in the boards . 

Due to the low readings on the membrane sheets, f ollow-up evaluations of the sys tem 

would not appear practical utilizing the e lectrical resistance tes t .  

The EPDM sheets were for the most part free of any air bubbles or unbanded areas 

prior to placing the protection boards . As the boards were being placed , a definite 
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and/or 

the \iorkmen 

c�.L�" 5 was noted in the EPDM membrane at several locations where 

adhesive off their rollers.  The or 

have been due to the solvent in the adhesive and may have resulted in a 

o f  membrane adhesion to the concrete at some locations. Such a 

noted when the adhesive was 

in order to bond down the 

in a thin 

board s .  

over the 

The f irst course of bituminous mix was II"" :"',,"':'" on June 14 , 1974 

may 

loss 

was not 

of  the membrane 

allowing 3 

days for rain water to dry out from beneath the protection boards at  scattered loca­

tions . The initial mix from an average of 268°F on the 

first pass along the easterly curb line to 2 3 5 ° F  on the last pas s .  Numerous blis ters 

and cracks appeared in the mix both prior to and during compaction. The blis ters 

required puncturing of the protection board and membrane in order to allow compaction 

of the mix. A total of 10 areas were vented with an ice pick.  The smell of solvent 

was noted at one of the 10 locations and water was noted seeping from one of the crack 

locations . A total of 19  cracks averaging 1 . 1  foot in length were recorded in the 

completed pavement in addition to the 10 areas where b listers or blister-crack 

combinations occurred. Nearly all of the cracks were longitudinal in nature with all 

but one occurring at 5 ,  15 , 25 and 35 foot offsets from the curb line. Such locations 

would be approximately at the midpoint of the 10-foot wide sheets . This would indicate 

the problem was the result of an incomplete application of the bonding adhesive on the 

middle of the sheets where they were folded over or on the concrete at the same 

location .  Soundings taken on the pavement over o r  immediately adj acent to blistered 

or cracked areas disclosed hollow sound indicative of unbonded layers . Such a condi­

tion would be expected adj acent to cracks . However ,  when continuous soundings were 

taken across the deck at 3 locations 13 days later , the testing revealed the existance 

of hollow areas over 11 percent , 27  percent and 30 percent of the 3 areas . Each 

location had an average of 12 hollow areas with individual areas averaging 0 . 7 feet 

in width . Earlier checks of pavement bond to the protection board were always positive , 
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so it could be assumed that the lack of bond 

boards and membrane or membrane and concrete deck . 

between the 

Gradual were noted in the to of the final 

I-inch course in late little traffic was allowed 

over , a of 74 cracks were 

new cracks occurred on the s ide 

13 , 19 74 . Most of the 

in areas which had been free 

of initial They varied in but as 6-inch 

long with 3 or more I-inch to 3-inch spur cracks extending 

the main branch . In some cases , the 

be elevated 1/4-inch or more above the 

within the crack areas 

of the adj acent pavement . Such a 

condition suggest s  the cracks were caused by air or moisture vapor p ressure 

build-up beneath the membrane . No attempt was made to remove and replace the 

pavement at crack locations . 

to 

Repair work was required on both sides of the expansion j oint where pavement 

shoving and moisture leakage were experienced. The leakage o ccurred where traffic 

loosened the membrane and protection boards from the 45° face o f  the concrete 

shoulder encasing the expansion dam. The shoving occurred on the app roach s lab 

where a s trip of the membrane had not been covered with protection boards . 

The final course of pavement was placed in late September. Soundings t aken 

on the completed pavement system did not reveal the definite existance of any 

delaminated or unbonded areas as had been noted earlier.  Two short transverse 

cracks were detected on the south-easterly side of the deck during an inspection 

in October of 19 74 . No further c racking or blistering h as been noted in inspections 

through July 2 ,  19 75 .  
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I 9 1  NB over \Vells Ri"rer 

Applying bonding adhesive on the deck surface and the 
bottom of one-half of � 10 ' x 80 ' sheet.  

Rolling the  memb rane back into uniform contac.t. with 
the deck . 
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t. 

SURE- SEAL EPDM HEMBRANE 

I 9 1  NB over Wells River 

Splicing j oints between sheets with splicing cement , 
gum tape , and lap sealan t . 

Placing 3 '  x 8 '  protection b oards over EPDM Memb rane . 
- . 
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SURE-SEAL EPDM NEMBRANE 

I 91 NB over Wells River 

Blister. in membrane and pavement 
prior to compaction . 

Crack� in first course of pavement 
after compac cion . 

Irregular cracks in 3-month-:--old first 
course of pavement believed due to 
ai r and/or moisture, vapor pressures 
beneath the membrane . 
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WORK PLAN NO . 31 

A 1/16-inch thick sheet memb rane CUIUUlJS�:U of cured and 

rubb e r .  The ,",v''' ' '''m Gates Comp any 5 Inc . , 

P .  O .  Box #1711 Wilmington , 19899 . 

The material was selected as one of the 5 mos t p romising bridge 

membrane in the National Highway Research 

12-11 . The selection of 

tests by 

RECOMMENDED APPLICATION PROCEDURE 

N-3S was based on the of 

Research & of Oakland , Calif . 

1 .  Position the membrane sheet on the deck allowing for a 3-inch overlap and 

allow 2 hours for the relief of roll tension . 

2 .  Fold the sheet lengthwise to expose 1/2 o f  the underside o f  the sheet . Apply 

N- 7 adhes ive on the bot tom of the shee t and the deck s ubs trate at the rate o f  

125 square feet per gallon p e r  coat , using solvent resistant b rushes o r  rollers . 

3 .  When the adhesive i s  t acky b u t  does not come off on fingers , roll the sheet back 

onto the deck taking care to avoid wrinkles or entrapment of air . 

4 .  Assure firm and uniform contact with the deck by rolling the sheet with l-1/2-inch 

diameter by 2-inch wide flat faced rollers . 

5 .  Repeat the procedure for the remaining half o f  the sheet and continue the install­

ation toward the centerline or high side of the deck. 

6 .  Flash the perime ter of the membrane sys tem with s trips of the N-3S sheet o r  Gaco­

f lex Counterflash sheeting . 

7 .  P lace protection boards over the membrane by spot bonding with N- 7 adhes ive or 

hot-mopped asphalt .  
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southb ound over TH #6 at s tation 
0 . 4  miles north of the Vermont Route 25 

Texture 

5220 + , 

in Bradford . 

texture due to acid 

Cracks - A few random shrinkage cracks were noted . 

Initial Chloride Level - 1 2 8  p e r  million. 30 per w�.�� •• u .. 

recorded in taken before deck was acid etched. 

Miscellaneous - cracks noted h", t'w&>pn 

, primarily along the 
the epoxy mortar the 

curb line. 

Preparation - The deck was etched and flushed in J sel�mE�n 
to one part acid , on June ll�  19 74 . 

water 

Time 

1 : 00 

2 : 00 

3 : 15 

3 : 45 

4 : 35 
5 : 30 

9 : 30 

10 : 20 

11 : 55 

1 : 30 

2 : 10 

Air 
Temp . 

6-19-74 

75 

7 7  

80 

7 8  

80 
80 

6-20-7 4  

7 2  

7 6  

7 8  

8 2  

85 

% 
Humid . 

45 

45 

43 

48 

46 
44 

54 

5 1  

42 

40 

45 

Air temperatures recorded in shade . 75% cloud cover. 
3-8 m . p . h. b reeze . 

Positioning 421t by 115 ' sheet along southeasterly curb 
l ine . P laced 5 '  long copper foil s t rips 2 feet from the 
easterly curb face at a point 5-10 feet south o f  the 
expansion dam. 
Membrane placed approximately 2 inches up curb face with 
top edge l /2-inch or less below top of epoxy mortar. 
Workmen rolling membrane sheet with 1-1/2" diameter by 
2" wide f lat faced rollers. 
Using goose neck s titching tool ( 1" diameter roller with 
1/16" d iameter face) to p ress edge of sheet into adhesive . 
Maintaining close inspection to insure that adhesive is 
placed along midpoint of folded sheet and on concrete sub­
strate beneath fold . 
Rolling second half of first sheet into adhesive . 
Placing adhesive on second half of second sheet .  

50% cloud cover A . M. 30% P . M. 

Blowing deck clean with air compressor. Placed 10 ' copper 
foil s trips 2 . 5  feet from westerly curb at a point 9-19 
feet north of southerly approach slab j oint . 
Applying adhesive on third sheet and deck. 6 workmen on 
proj ect . 
Applying adhesive on third and fourth sheets plus first 
sheet along wes terly curb line . 
20 gallons of N-7 adhesive applied on 2200 square foot 
area for rate of 110 square feet per gallon. 
Applying neoprene troweling compound , N-250-l , over edge 
of membrane sheet along easterly curb . 
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T ime 

3 :  

4 : 00 

5 : 00 

6 : 10 

8 : 10 
10 : 20 

12 : 
1 : 15 

9 : 30 
10 : 10 

11 : 00 

8 : 00 

9 : 20 
10 : 20 

11: 25 

12 : 30 

12 : 50 

Air 

85 

66 
14 

7 3  
75 

6-28- 74 

5 8  
5 9  

6 5  

7-2-74 

5 7  

61  
62  

66  

68 

68 

% 
Humid 

55 

60 
6 1  

6 8  
6 6  

6 5  

80 

7 4  
84 

75 

67 

61 

sheet on 
sheets on 

of UWM-28 polyurethane to bond 200 
tiE1astibord" Area 

80% cloud cover. 

Applying 

desired 

UWM-2 8 .  
square 

Noted pulled away the 
curb fille t  at some rough locations , but top edge is s till 
DC'�LC;U with the cured neoprene compound . 
Completed twelfth 42tf by 110 ' ± s trip . 
Installation s topped due to showers after placement of 
6"  cap strip . 

OVercast .  520 at 7 : 30 A.M. 

Placing 30 ' long rolls up to expansion dam. 
No open areas de tected along easterly curb l ine but a 
few noted on westerly side where the edge of the sheet was 
placed against the granite curb s lightly above the epoxy 
mortar . 
Sheet membrane application complete . 

80-100% could cover. 

P lacing p rotection boards on UWM-28. Noted protection 
boards placed on 6-20- 74 not bonded to p olyurethane at 
all locations . 
C oating edge of membrane sheet and lower por t ion of , 
westerly granite curb with UWM-28.  Material reworked 
after a short period to increase thickness on vertical 
face . 
Removed portions of protection boards placed along curb 
line on 6-20-74 after noting water was trapped beneath 
the boards. Polyurethane not completely cured at all 
locations as evidenced by p ick-up of color when touched .  
Attempting t o  seal butt j oints b etween sheets with a bead 
of polyurethane , 
Installation complete. Protection b oards not placed on 
the northerly 40 lineal feet of deck and polyurethane 
omit ted from final 16 lineal feet.  

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE 

Membrane Treatment 555 s . y .  @ $ 17 . 00/s . y .  ... $ 9 , 435 . 00 
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Bituminous Concrete . 3  tons 

Tar Emulsion 

For more on the 

App licationll , on pages 5 6  & 5 7 .  

Gates 

Inc . , were on the to oversee 

neoprene rubber 

@ 

@ $2 

to 

of the 

in 42-inch 

$ 1 , 220. 

"" $ 100 . 00 

Made 

in length. The sheets were not �V<���'U with or talc l dust as was the case 

with the rubber sheet membranes .  Sticking o f  rolled sheets was prevented by 

the fabric-like texture of the membrane , which was the result of b lanket curing of the 

calendered sheets during their manufacture. 

Few changes were made from the recommended application procedure. The represent­

atives cautioned that the 65 percent solvent N-7 neoprene adhesive should dry approxi­

mately one hour to insure that all solvents were removed .  The solvent f1ashof f  

i s  slowed by a b lush over o f  the surface which inhibits  removal o f  the underlying 

solven t .  In mos t  cases , good drying conditions reduced the time requirement t o  2 0  to 

25 minutes.  Continuous application of the adhesive was achieved by coating half widths 

of adj Oining membrane s trip s .  

The requirement that the entire surface of the membrane be rolled with 2-inch 

wide rollers was a maj or  factor in the labor required to place the system. Such rolling 

is designed to insure that all portions of the sheet are in contact with the concrete 

and any entrapped air is removed . 

A neoprene troweling compound , N-250-1 , was placed over the edge of the membrane 

and on the exposed epoxy mortar along the easterly curb line . The compound was mixed 

with a small quantity of litharge curing agent and was then kneaded by hand while 

immersed in alcohol to insure complete dispersion of the activator.  The 65 percent 

compound was applied by hand using the fingers to smooth the and to 

5 8  



insure a continuous 

revealed a continuous 

f ace . 

away the lower 

over the 

t o  

the curb 

area .  o f  the material 

and the 

disclosed that the memb rane sheet 

at several 

curb 

were found in the cured neoprene compound """-" u",, 

i t  appear to be the best curb seal to date . 

the 

locat ions , no voids 

of the memb rane , 

the 

The shee t memb rane was above the epoxy mor t ar on 

curb line . Initially the N- 7 adhesive 

curb along 

enough bond s trength s o  

that the memb rane to the of the curb Howeve r ,  af ter 

one day a f ew openings were noted along the of the memb rane as well as 12 of 1 6  

areas where the sheet pulled away f rom the cove between j o ints i n  the sect ions . 

Such areas were sealed when a continuous app li c at ion o f  G ates UWM- 2 8  polyurethane 

was app lied along the curb f ace . 

Carey Elas t ib o rd Vap o r  S to p  p ro tection b oards were p l aced over the neoprene 

memb rane using the UWM- 2 8  2-component polyurethane as an adhes ive . The polyure thane 

was squeegeed on a t  a measured rate o f  5 0  square feet per gallon s o  that a 30-mil 

coating would be obtaine d . When the first area covered with p ro tection b oards was 

checked after several rainy d ay s , a lack of bond was noted be tween the boards and 

memb rane at several locations . When the p oorly bonded portions were l i f ted , the 

p olyurethane did no t appear to be comp letely cured as evidenced by col o r  pick-up 

when touched and trapped wate r  was also noted at s ome locations . When the inst al l a­

tion began again , an attemp t was made to seal the butt j oints between boards by 

pouring an additional bead o f  the polyurethane over the j oints .  Although the 

p ro cedure was partially success ful , i t  did not always work be cause the ini ti a l  coat 

o f  polyurethane did not develop enough t ack to hold down the edges of s ome boards . 

Due to prob lems s ealing the protection b o ards and b ased on information furnished 

by o ther agencies (Illinois and Minnesota) relating to p roblems w i th adhe sion , the 

p rotection sys tem was omi tted on approximately 1 / 3  (40 lineal fee t )  of the memb rane. 
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The 

feet of 

The 

(Con' 

was placed on an additional 

sheet membrane on the 

course of bituminous mix was 

was The initial 

lineal 16 

of the deck. 

on July 3 ,  74 , the after 

AU ... ... "" ... '" mix 

type crack was noted in the pavement during 

ment e  When the bituminous mix was removed f rom area,  an air was noted 

between the 

compacted , a number 

board and the neoprene sheet .  As the bituminous mix was being 

additional longitudinal and transverse cracks were noted with 

the pattern that they were from the sides or ends o f  the 

protection boards . Upon completion of the rolling , only two 12-inch long cracks 

were vis ible at points 4 feet 11 inches from the easterly curb line. 

Further inspection of the deck disclosed that compaction of the pavement 

immediately adj acent to the westerly curb line resulted in stripping of the poly­

urethane and Gacoflex membrane from the curb face at numerous locations . An attemp t  

was later made t o  reseal s uch areas with an application o f  UWM-28 polyurethane p rior 

to the application of the final course of pavement . 

Periodic inspections of the deck during the following 6-week period revealed a 

gradual increase in the number of cracks in the pavement even though nearly all of 

the construction traf fi c  was maintained on the adj oining northbound structure. A 

total of 10 cracks were recorded on August 12 , one day before the final course of 

pavement was to be placed . All of the cracks were longitudinal with most occurring 

in areas where the polyurethane and protection boards were omi tted .  The cracks ranged 

f rom 12 to 2 4  inches in length , except for the widest crack , whi ch included uplif ted 

pavement and was 18 in length. The pavement was less than l/2-inch thick at 

many of the c rack locations although it did measure 7/8-inches over the most serious 

crack. 

Repairs were made to the membrane at locations . In all cases , removal 

of the cracked bituminous mix revealed the existance of air pressure between the 

6 0  



(Con ' t ) 

neoprene membrane and the 

at the of the 

wu 

p roper coverage . 

cutt ing excess material caused by 

onto the s ubstrate 

placed over the 

to the pavement-membrane 

In most cases , the b listered areas occurred 

t where the coverage with adhesive 

been made to obtain the 

the neoprene sheet 

��" �"'h of the rubber and 

the b lister , 

the 

Four inch wide memb rane were also 

was also noted due to stone 

which occurred during a period of limited construction traffic over the st ructure . 

Resistivity indicated damage at 12 locations , wi th the number split between 

areas covered with protection boards and those without . The initial resis tance 

readings on the Gacoflex Memb rane had ranged f rom 5 million ohms to infinity , while 

readings on the membrane system complete wi th p rotection board were recorded at 

infinity . 

The final course of p avement was placed on August 13 , 19 74 .  Four very fine 8 

to 12 inch longitudinal cracks were noted in the completed p avement ,  with 2 occurring 

at the offset where p revious repairs had been made to the system. No further prob lems 

were noted in the pavement until April 2 ,  19 75 . Inspect ion at that time revealed 

additional cracking of the pavement and shoving in the wheelpaths j ust south of the 

finger plate expansion dam. As warmer air temperatures prevailed , additional rippling 

and shoving of the pavement occurre d ,  making it necessary to place cold patch over an 

area approximately 4 feet square . 

Permanent repairs were carried out on a 19 . 5  foot by 4 2  foot area of the 

p avement-membrane system on August 18th and 2 7 th ,  19 75 . The ini tial plan was to 

remOVe and patch only the portions of the neoprene membrane which were no longer 

adhered to the deck as was evidenced by cracks in the p avement s urface . However ,  

when the pavement was removed , the lack of membrane bond was found t o  b e  so wide­

sp read that a decision was made to remove all of the sheet rubbe r .  The polyurethane 
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(Con ' 

coating which had been over 24 of the 42 lineal under 

had an adverse effect on memb rane bond s ince in excess of 70 pe rcent loss o f  adhes ion 

was noted on the area so treated,  as to 10 percent loss on the uncoated 

sheet memb rane . The removal of the sheet memb rane also revealed the existance of  

f lowable concentrations of water on the deck in areas where the was 

not to the concrete . Such moisture o riginated within the concrete deck 

s ince there were no tears o r  holes in the neoprene sheets whi ch could have resulted 

in moi sture Repair of the consisted o f  an of U�f-28 

polyurethane and the ins tallation of p ro tection boards . There have been no post 

repair prob lems with the pavement-membrane system . 
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GACOFLEX N- 3 S  MEHBRANE 

I 91 SB over Tll #6 

Memb r�ne s urface rolled wi th 1-1/2" 
diameter by 2" wide flat f aced rol ler 
while goose neck s t i t ching t oo l  used 
along cu rb face . 

Removal of the p avement revealed up t o  
70% o f  the neop rene shee t  coat ed with 
polyurethane was no longer b onded to 
the concret e . 

b3 

C racks occurre d  in the first course o f  
p avement where air pressure lifted the 
memb ran e .  

Measurable amoun t s  o f  w a t e r  were 
noted on the concret e  in areas where 
the impervious memb rane was not bonded .  



WORK PLAN NO . 

A sheet membrane of 30 mils of  rubber 

to a 30-mil saturated is manufactured by 

& Company , Ltd. , White Cross , England . 

The material was selected as one o f  the 5 mos t  promising bridge deck 

membrane in the National Highway Research Program, 

12-11 . The selection of Butylfelt Membrane was based on the results of 

tests conducted by Materials Research & Development of Oakland , Calif . 

RECOMMENDED APPLICATION PROCEDURE 

Brothers 

ect 

1 .  Prime the concrete with a cutback asphalt applied a t  the rate o f  100-150 

square feet per gallon and allow to dry for at leas t 24 hours . 

2 .  Unroll Butylfelt prior to laying to relieve roll tension . 

3 .  Place Buty1felt face down in a hot-applied 85/25 o r  95/25 b lown bitumen , using 

the pour and roll technique . The sheet s  should be placed with 4-inch side laps 

and 6-inch end lap s .  

4 .  Place a 3/4-inch protective layer of sand-asphalt or other material over the 

membrane prior to p lacing the bituminous pavement . 

WORK LOCATION 

The I 9 1  southbound bridge over the Wells River at s tation 5861 + 05 -
5 864 + 39 , approximately 0 . 1  mile north of the U . S .  Route 302 interchange in Ryegate . 

DECK CONDITION AND PREPARATION PRIOR TO MEMBRANE APPLICATION 

Surface Texture - Both end spans have very grit ty surface . Center span less gritty_ 

Cracks - Fifteen t ransverse cracks averaging 12 . 8  feet in length were noted on the 
center span , with all but 4 the cracks located b etween 148 feet and 1 85 
feet north of  the expansion dam. See crack layout on page 

Average Initial Chloride Level - 44 parts per million. 

64 



Time 

10 : 00 
3 : 00 
4 : 10 

5 : 00 

6 : 10 

12 : 45 

1 : 45 

2 : 20 

3 : 05 
4 : 00 

8 : 45 
9 : 30 
9 : 45 

- Deck was washed clean , 
blown clean . 

3 feet out from curb faces and 

Air 
Temp . 

6-27·-74 

7 2  

7 1  

7 1  

6-2 8- 7 4  

7 1  

7 4  

76 

7 7  
7 7  

7-1- 74 

64 
66 
6 7  

% 
Humid . 

59  

5 3  

3 9  

3 8  

3 5  

3 5  
3 8  

5 5  
49 
5 5  

Air temperatures recorded i n  shade . Overcast a .m.  
50%  cloud cover p . m. 

Finished epoxy mortar fille t  curb s .  

Applying Philip C arey Specification Primer Asphalt with 
squeegee - Fed . Spec . S S-A-0070LA - ASTM D4l-41 AASHTO 
Ml16-42 b lend of blown asphalt and mineral 
Primer applied above mortar onto granite along 
curb and 1 / 2  way up mortar on westerly curb . 
Application complete . 103 gallons applied on 13 , 320  s . f .  
for an application rate o f  129 . 4  s . f .  per gallon . Prime 
coat contains numerous bubbles ranging up to 1/4" diame ter . 

C lear . 5-15 m . p . h .  breeze . 

Primer dry except for  a f ew heavy areas along the curb . 
Unrolling membrane so material can flatten and relax. 
84° in sunshine . Material supplied in 40-in ch wide by 
7 2 . 6  - 74 . 5-foot long rolls . 
2 rolls complete along westerly curb . Copper foil strips 
p laced 2-l/2-feet from westerly curb at a point 184-194 
feet north o f  expansion dam,  with lead wires placed down 
northerly of 4 s cuppers . 
4 s trips in p lace . Air bubble found between Butyl and 
felt on one roll (felt had f old in it) . Necessary to cut 
butyl so material would lay flat . Many transverse wrinkles 
in the sheets prior to rerolling the material for asphalt 
application and some ripples visib le in bonded sheet .  Sheet 
edge does not always remain sealed down in the asphalt even 
when reworked with leveling spatulas . 
6 sheets complete . Asphalt averaging 370°F .  
Asphalt  405° . 9 s trips complet e .  Foot pressure on bonded 
sheets results  in imprints  due to asphalt flow as occurred 
with the Hyload system .  Felt tears and pulls from butyl 
quite easily 1f sheet is handled roughly . 

Clear a .m .  50%  cloud cover p . m. 

4 men working . Asphalt 445 ° F . Began placing first roll . 
4 s trips in place . 
Asphalt 4l0°F .  Began application along north-easterly 
curb line with 35-foot s trip placed 2 inches up curb face . 
Sheet folded back ,  asphalt poured on concret e  adj acent to 
fold and membrane rolled back into asphal t ,  working excess 
up curb face. Procedure unsatisfactory due to inability 
to work excess asphalt out from some areas . 
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T ime 

10 : 15 

1 1 : 

12 : 
1 : 45 

3 :  
4 :  

8 : 00 

2 : 45 

3 : 30 

4 : 25 

5 : 0 0  
6 : 20 
8 : 00 

8 : 00 
9 : 50 

1 2 : 45 

1 : 30 

2 : 15 

3 : 00 

3 : 30 

Air 
Temp . 

6 9  

7 2  

7 1  
7 4  

7 8  
7 5  

7-2- 7 4  

6 1  

7 2  

7 1  

70 

7 7  
7 4  
7 2  

7 - 3- 7 4  

6 8  
7 3  
8 2  

8 2  

8 2  

8 3  

8 5  

% 
Humid .  

46 

40 

6 9  

7 0  

7 1  

5 8  
6 4  

6 9  
7 7  
5 3  

6 0  

6 2  

6 1  

6 0  

10-foot copper foil 2 . 5  fee t  f rom 
curb at a 

sian dam with lead wires 
480° F .  First 

Shee t but ted at base of concrete 
expansion dam .  
Asphal t 4 20oP . 
Asphalt 4 5S o F . 

Second along 
Wind blowing 15-20 m . p . h .  

Comp le ted fourth 
Heavy rain shower 

100% cloud cove r .  

ect . Work s topped . 

of 

C rew p lacing tar emulsion on s lab s and 
boards on I 91 SB/TH 6 .  

curb . 
third 

P lacing 4 gallon b atch of C arlisle Liquiseal Waterproo fing 
Memb rane (vertical grade) along 145 lineal feet of curb 
line on north-wes terly end of deck . �Iaterial poured in 
bead at b ase of curb and worked up face wi th wide putty 
knives . Material should provide a satisfactory seal if it 
will retain i t s  b ond wi th the asphalt along the edge o f  the 
memb rane sheet . 
P lacing f inal s t rip along eas terly side of deck . Using an 
average of 13 gallons o f  asphalt per roll of memb rane . 
Asphalt 4 10° F .  Placing first s trip along westerly curb 
f rom a point 142 feet south of northerly approach s lab 
j oint . 
Asphalt 350 ° F . Curb line comp lete . 
Asphalt 460° F .  Asphalt 4 00 ° F  at 6 : 50 p . m .  
Operation s topped due t o  rain showe r . One s trip p lus 
cap s trip remaining . 

7 5-100% cloud cover . 

P l acing final roll o f  membrane and cap strip .  
Mixing Liquiseal for remainder o f  wes terly curb . 
Placing additional asphal t  along eas terly curb l ine . 
U s ing 2 x 4 t o  work material up curb face and following 
up with a t rowel . 
Began p lacing Carey Elas tib o rd V apor S top protection 
board s , using RS-l asphalt emulsion as the adhesive . 
P lacing 12-1 /2 ,  3 - foot wide boards on membrane , leaving 
8" open areas along each curb l ine so rain water will not 
b e  t rapped beneath ou ter boards i f  they are not completely 
bonded to the Butylfelt .  
Emulsion complete on 7600 s . f . and b oards in place on 
2 5 00 s . f .  
Noted boards firs t placed are not b onded satis factorily . 
Emulsion had apparently no t b roken completely before in­
s tallation o f  boards . First 10 rows of boards placed wi th 
p lastic coated s ide up but remaining b oards placed with 
p lastic s ide down when bet ter adhesion noted .  
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Air % 
Time Temp . Humid , 

4 : 15 81 61 
5 : 25 82  61  

6 :  80 61 

7 : 00 

in 
b oards and thos e  in a 

truck. 
Removed 2 rows of  boards from of deck for 
use on southerly end . 20-inch gap without protection 
boards 7 2-feet north of dam.  Boards on southerly 
end of deck do not seem to be sticking dOvffi as well as 
those p laced later . 
Application comp lete . 

Membrane Treatment 1479 s . y .  @ $ 8 . 75!s . y .  

$ 9 . 90/ton 

$ 2 . 00/ga1 . 

$ 12 , 941 . 2 5  

:= $ 2 , 16 8 . 10 Bituminous Concrete 2 19 tons @ 

Tar Emulsion on Approach Slab 41 gals . @ =: $ 82 . 00 

DISCU S S ION 

For more detailed information on the installation , refer to '*Observations Made 

During Membrane App lication , "  on pages 65 & 66 . 

The Butylfelt membrane was placed using the pour and roll technique. Type 

III  roofing grade asphalt was used as the b onding adhesive. Although the material 

was unrolled on the deck to relieve roll tension , occasional t ransverse wrinkles or 

ripples were visib le in the bonded membrane . The sheets also displayed a tendency 

to curl along the edges . This made it necessary to rework the excess asphalt squeezed 

out from beneath the roll before the e dges would remain bedded in asphalt .  

The felt portion of the Butylfelt sheet is designed to provide dimensional 

stability during p lacement . Nevertheles s , the membrane displayed f lexibility 

sufficient to cause some alignment problems as i t  was unrolled into the asphalt . 

Such problems were particularly evident during the installation along the curb lines . 

Rough handling also resulted in tearing of the felt and its separation from the butyl 

portion of the sheet in several cases . 

Electrical resistance readings taken on the membrane without the protection 

boards or pavement indicated the existance of conductive material in the membrane 

shee t . The readings ranged f rom 95 , 000 to 10 million ohms , with mos t  averaging 
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one million ohms . 

An RS-l 

Because it was 

installation of the 

emulsion was used to bond the boards to the membrane . 

to when the emulsion had dried to 

boards , adhes ion of  the boards was no t 

achieved a t  all locations . Areas where the emuls ion had not b roken p rior to over-

layutent with the boards became evident later the , with 

b leeding o f  the emulsion up through the course of b ituminous mix . This in turn 

caused some or pulling of the bi tuminous mix when a b uild-up occurred on the 

steel wheeled roller . 

Rain showers . which resulted in entrapment of  moisture beneath of the 

protection boards , forced the cancellation of  paving until July 11 , 19 74 .  Ini tial 

in-place mix temperatures during paving ranged f rom 245°F to 290°F with readings 

averaging 26lo F .  The thickness of the compacted mix varied f rom 7lB-inch to 1-1/2-

inches , with mos t  areas noted at 1-1/ 8-inches . 

A total of 5 transverse cracks averaging 15-inches in length with 6 longi tudinal 

cracks averaging 3-feet in length were recorded On the f irst pass of pavement on the 

westerly s ide o f  the deck . All occurred during compaction with a 10- ton s teel wheeled 

roller . A few of the cracks appeared at points where the roller s topped or turne d ,  

while o thers appeared t o  be reflections of  edges o r  ends of  the p rotection boards . 

The second pass of pavement was placed and compacted wi thout difficulty .  The third 

pass was also f ree of problems except for a single location where protection board 

s lid ahead as the paver and roller passed over it . A small bleed-out of  asphalt 

emulsion was noted within the area.  

The greatest number o f  problems o ccurred on the fourth pass along the easterly 

s ide of  the deck. A comb ination of deck superelevation and s lippage of the protection 

boards resulted in lateral movement of the roller and plowing o f  the bituminous mix at 

a point 80 to 90 f eet south of the expansion dam. Movement of the protection b oards 

and the development of cracks were also noted at other locations , despite the fact 
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that almost no of 

emulsion coat:i.ng 

emulsion was ob s erved . A close o f  the 

acent to the curb line revealed a s o f t  and somewhat 

nn£,�" cond i t ion . Such observations that the RS�l emuls ion may not 

adhesion and under certain condit ions , even if allowed to 

for s everal day s .  A total of 2 0  cracks were logged i n  the pavement along the 

curb line . Four were transverse cracks 

16 were longitudinal and 

noted in the or memb rane 

5 . 6  

2 . 7  in leng th , while the 

in length . N o  was 

A 2-inch thick sand b lanket was and maintained on the b ridge for approxi-

mately 2 months prior to placing the f inal I-inch course of b ituminous mix. The b ridge 

deck was inspected on S ep t ember 1 7 , 1974 a f ter removal of the sand b lanke t .  C racks 

no ted during the pavement installation were basically unchanged . A number of additional 

cracks were no ted with mos t  occurrin g  40 to 60 inches f rom the eas terly curb face on the 

northerly half of the deck . The new cracks o f ten o ccurred as 6-inch long i rregular o r  

circular cracks wi th 2 or 3 spur cracks extending f rom the main b ran ch . As was the case 

wi th the EPDM memb rane , the pavement within the crack areas appeared to be elevated 

s omewhat suggesting that the prob lem was caused by air or mois ture vapor pressures 

beneath the memb rane system .  The removal o f  the pavement and memb rane f rom 2 typi ca l  

crack loca tions dis closed a lack of membrane adhes ion to the s ub s t rate . In b oth cases 

the lack of adhesion was believed due to an insufficient coatin g  of bonding asphalt 

beneath the membrane sheet .  Excellent bond was noted between the pavement and p rotection 

board , as well as the prote c t ion b oard and Butylfelt shee t .  

The f inal cours e  o f  p avement was p laced i n  mid-September . Inspection o f  the deck 

at a later date revealed the existance of a single IS-inch longitudinal crack a t  a point 

1 3 . 8  feet f rom the curb on the southwe sterly end of the deck. In addi tion , approximately 

12 f ine b l is ter type cracks were noted along the eas terly curb line . The latter were all 

48 to 52 inches f rom the curb a t  p oints 15 to 6 0  feet and 240 to 290 feet from the 

southerly expansion dam. No ,�+'hc r b l i stering o r  c racking has been noted in the pave-

ment in inspect ions made through July 2 ,  1 9 7 5 . 
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FIGURE 

I 91 Southbound over Wel l s  River 

Cracks in Concrete Deck 

A l l  cracks were no ted on surface of deck. 
locat ions are to s cale . Ver t i c a l  scale 40 ' / in 
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WORK PLAN NO . 34 

A 2-component which is in a 

100 mil thickness with metered spray equipment on a p reheated substrate. The 

material is manufactured  by Chevron Research Company , 5 76 Standard Avenue , 

Richmond , C alifornia 94802 . 

The membrane was not damaged by puncture or heat when s ubj ected to the 

application of bituminous mixes at temperatures up to 300°F . Samples did not 

crack when bent around a I-inch mandril at -10°F and satisfactorily b ridged cracks 

in cement mortar s labs when b roken over a 3/ 16-inch anvil at O°F . Adhesion to 

concrete was good before and after submersion of s amples in water . 

RECO�fr1ENDED APPLICATION PROCEDURE 

1 .  Use infra-red heaters t o  p reheat the sub s t rate f rom 30°F to 50° F above the 

ambient deck temperature . 

2 .  Apply the polyurethane in a 100 mil thickness  using automatic  metering and 

spraying equipment capable o f  delivering at leas t 2 gallons per minute .  The 

spray application should be made within 5 minutes of the heat cycle . 

3 .  App ly a 0 . 10 t o  0 . 15 gallon per square yard tack coat of hot 85 / 100 asphalt 

cement over the memb rane to insure adhesion of the bituminous overlay.  

WORK LOCATION 

Town Highway #61 bridge over I 91 at s tation 10 + 76 - 14 + 11 .  P roj ect ­
Ryegate I 91-2 (49 ) . 

DECK CONDITION AND PREPARNfION PRIOR TO MEMBRANE APPLICAT ION 

Surface Texture - Moderately rough . Bleed water pores visible over approximately 
50 percent of the deck surface . 

Laitance - Moderate to heavy amount o f  fines on surface , but no scaling or 
flaking visib le .  
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C racks 

9 : 45 

11 : 10 

1 : 00 

1 : 35 

2 : 00 

2 : 35 

3 : 00 

3 : 30 

3 : 45 

4 : 50 
5 : 15 

6 : 20 

7 : 00 

7 : 50 

(Con' 

transverse cracks were noted in the deck surface . All were 
located within a 42 lineal foot span of the 332 foot long deck. 

See crack on 3 • p age 

The deck was blown clean to the 

Air 

7-31- 74 

72  

73  

79 

79 

7 8  

7 8  

7 8  

7 8  

78 

78 
78 

75 

71 

65 

memb rane 

% 

59 

5 5  

4 2  

4 2  

41  

41 

40 

39 

39 

35 
32 

42  

52  

56 

Air recorded in shade . 40% cloud cover 
during afternoon . clear 6 : 00 P oM .  

Cleaning deck and masking o f f  curb 
against over-spray . Eight Chevron on 
p roj ect . 
Sandblasting 3 foot by 20 foot area along curb line 
on north-westerly end of deck for control comparison 
with remainder of deck . 
Began moving infra-red heaters over deck at rate of 
approximately 4 feet per minute . 
Spraying urethane along north-easterly curb . Ambient 
deck surface temperature of 7 8° F  ranging from 9 7°F  to 
115° F  after heatin g .  
Many bubbles noted i n  the urethane a t  all locations . 
Some membrane flow due to g rade and parabolic of deck. 
Strings of bubbles noted where continuous outgas s ing 
has occurred . 
Little if  any difference in the number of bubbles where 
concrete surface heated up to 150°F by slowing move­
ment of heaters . 
Approximately 3/4 of  first 8 foot wide pass complete.  
Ambient deck temperature of 82° F  to 84°F raised to 
llOoF to 140° F  with heater movement of 3 to 3-1/2 feet 
per minute . U rethane boiled on small area where 
surface temperature app arently approached 180° F .  
Slight reduction in the number o f  b ubbles noted over 
area where polyurethane reworked with squeegee . 
First pass complete . Light rain shower at 3 : 55 P .M.  
resulted in some penetration of water into the poly­
urethane On the last 44 lineal feet tre ated . Penetration 
occurred because supply of activation component had run 
out and material had not begun curing . 
C lear . 84°F in sunlight .  
�laking f irs t o f  2 passes with heaters on firs t 50 
lineal feet of  deck from eas t  to west . 
Applying polyurethane on second pas s . Resistance 
readings recorded at infinity on all areas checked on 
firs t  pas s .  
Fewer and smaller air bubbles noted in the memb rane in 
all areas possibly due to receding air temperatures . 
Ambient deck temperature of  70°F averaging l20°F after 
heating . 
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8 : 15 

8 : 35 

9 :  

10 : 10 

11 : 30 

12 : 35 

1 : 45 

2 : 35 

3 : 00 

3 : 10 

5 : 05 

5 : 5 5 

6 : 05 

6 : 15 

7 : 00 
7 : 55 

Air % 

6 3  5 8 

7 4  44 

7 3  42 

7 5  

79 31 

82 3 1  

83 29 

83 2 8  

83 2 8  

7 8  3 4  

7 8  39 

7 7  3 7  

76 3 8  

75  3 8  

7 2  4 2  

App l ication s topped 60 feet short o f  end dam due to 
threat of rain . Bubbles s till in 
urethane . Continuous no ted from a 
b leed channel for 10 minutes . 
Raining hard on p roj ect . 

50% average cloud cover.  mph b reeze A.H. 

evening in in the 
the memb rane excep t for the first 50 lineal 

feet whi ch had been heated twice and 3 short areas where 
the heaters were s topped for longer pe riods of time and 
the heated deck quickened the memb rane cure . 
Began heating f inal 8 foot wide pass along southerly 
curb line . Will attempt to eliminate outgassing by 
p reheating the deck twice and by the concrete 
temp erature over 150 ° F .  
Deck temp eratures ranging f rom 1 80 ° F  t o  220° F .  Air 
temperature beneath heaters ranging f rom 250 ° F  to 300 ° F .  
Heat c aused 1 / 4-inch thi ck b y  4-inch diameter area o f  
deck surface t o  pop . 
Began recoating final 44 feet o f  first pass after first 
removing all excess p remix component and applying 
activator by squeegee to ins ure cure of any material 
remaining on the concre t e .  
Began applying polyurethane o n  final pass following 
second heat application . 
Numerous small individual bubb les and s t rings o r  
clusters o f  bubb les noted although fewer generally occur 
where the surface is heated for longer time periods . 
Noting fewer bubbles in area where polyurethane ex­
truded and t hen worked and leveled wi th a squeegee . 
Continuing with dif ferent heat ing periods and appli ca­
tion methods in an attempt to eliminate bubbling . 
T ried extruding and then leveling wi th rubber squeegee 
followed by extrusion of heavy coat and leveling wi th a 
guaged squeegee . 
170°F deck s ur f ace temperature resulted in surface 
f ractures over two , 4-inch diameter areas and two , 12-
inch d iame te r  areas . Damage may have b een due to 
ent rapped moist ure whi ch had been drawn up near the 
s urface during the ini tial pass wi th the heaters . 
Moi s t ure sensing copper foil s t rips placed 2 fee t from 
s outherly curb at a point 8 to 13 feet from the wes terly 
expansion dam. 
Third pass complete . Beginning to spray curb lines wi th 
s econd coat . 
Area o f  f i r s t  pass t re ated tvithout activator i s  curing 
on surface b ut s till remains uns t ab le beneath . 
App li cat ion s tarted on final 60 feet of middle pas s .  
Application comple te . 455 gallons o f  premix and 5 2  
gallons o f  act ivator applied on the 854 square yard deck 
f o r  average applicat ion rate o f  0 . 595 gallons per square 
yard or 16 . 7  square feet p e r  gallon . The rate resul ts in 
average wet film thickness o f  9 7  mils . 
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Memb rane T reatment 

Bi tuminous Concret e  

5 84 s . y .  @ $ 6 . 88/8 y .  � $ 4 , 01 7 . 9 2 

5 3 . 7  tons @ $ 2 7 . 50/ ton 
43 tons @ $13 

$ 1 , 4 76 . 75 
$ S 80 . 5 0 

For more det ailed inf o rmation on the ins t al lation , refer to 

Made During Hemb rane , on pages 72 & 7 3 . 

The deck selected f o r  the Chevron Deck l1emb rane had been 

cast 50 e arlier . Although much of the deck s ur face was covered with a 

whi t e  laitance , the Chevron did not feel that any su rface 

p reparation was necessary .  

The gas-f i re d  inf ra-red heater uni t  furnished for the p roj e c t  was capab le 

of p ro ducing 1 . 2  million B . T . U . ' s  per hour . Movement o f  the heater was accomp lished 

with a small garden t ractor . A rate o f  4 feet per minu te produ ce d  an average 3 5 ° F  

increase in the deck s urf ace temperature . When b listers were n o ted in the l iquid 

memb rane , the movement o f  the heaters was reduced to 3 to 3 . 5  feet per minute . 

This increased the deck temperature 28°F t o  5 8°F above ambient b ut did not 

notice ab le reduce the number o f  air b ubbles which appeared in the s ur f ace of the 

membrane . Some of the bubb les were apparently due to entrappment of air during 

the s pray application . This was p roven when air b ubb les we re noted in a coating 

app lied on an 8-inch diameter p late . However ,  mos t  o f  the bubbles were believed 

due to air and mo ist ure vapors outgassing f rom the concrete . The latter condi tion 

was evident at many loca tions where continuous s t reams o f  air b ubbles were noted 

rising t o  the s urf ace o f  the memb rane . The b ubbles generally ranged from 1/ 64-

inch to 1 /16-inch in diameter , while crater type dep ressions were generally 1/16-

inch t o  3 / l 6-inch in diameter upon curing . Probing with a pencil revealed the 

existan ce o f  varying amounts of membr ane material at the b o t tom of ne arly all 

bubb les or craters checked . The absence of cont inuous holes through the memb rane 

was also later born out by infini te e lectrical resi s t ance readings ob tained at 

nearly all locations on the comple ted memb rane system. 
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(C on ' 

Attemp t s  t o  the bubbl ing and 

comb ined wi th spray ,  extrusion and squeegee 

included varied heat 

the p oly-

urethane . The se cond i s  2 p asses o f  the he ater unit .  

Somewhat and smaller bubbles and ...... , ...... "" .. were no ted ; 

areas with 50 to 100 bubb les per square foot were s t ill common . Although many 

were , the only area which remained completely f ree 

b ubbles or holes was achieved with a 3-minute heat , followed by a 

coat at 3 : 00 P . M .  and a s p rayed coat at 6 : 20 P .M .  Even though p re-

heating the deck did not eliminate blistering , the value of p ro cedure was 

evidenced by the formation of many ... .,. '. 6'" bubbles and c raters which occurred in 

the memb rane over a small area of the deck which was not p reheated .  The heating 

p rocess did result in f racturing of the deck surface at 5 locations when the 

tempe rature of the concrete exceeded 1 70°F . The f ractures were limited to l/4-inch 

deep by 4 to 1 2  inch diame t e r  areas . 

The low init i al visco s i ty of the polyurethane resulted in flow o f  the 

material on the 2 . 5  percent grade and movement toward the curb l ine , due to the 

deck ' s parabolic curvature . Memb rane thicknesses o f  up t o  I-inch were noted upon 

completion o f  the system when drain tubes were cut open along the curb line s . 

The f low could have been p revented by adding Chevron thickening agent which i s  

recommended for g rades over 5 p ercent , but h a d  not been consi de re d  nece s sary for 

the application . 

A total of 5 0 7  gallons of premix and activator were app lied on the 85 4 s quare 

yard deck , for an average we t f i lm thicknes s  of 97 mils . A tack coat o f  AC-lO 

asphal t  cement was applied on the memb rane the day p ri o r  to p lacing the bituminous 

p avement . The s pray app li cation , made with a dis t ributor t ruck , averaged 0 . 11 

g allons per square yard. The p avement app lication was completed without p robl ems , 

although the paver ' s  t i re s  o cc asionally pulled b i ts o f  the t ack coat o f f  the 

surface o f  the memb rane . 

7 5  



CHEVRON ' S  BRIDGE DECK MEMBRANE 

TH #61 over I 91 

Spray applying Chevron polyurethane. 
Note infra-red heaters •. 

High resistivity readings indicated 
the membrane was generally impervious 
even though bubbles and p inholes were 
noted in nearly all areas . 

Concrete surface fracturing whi ch 
occurred at several locations when the 
deck temperature exceeded l70oF. 

The above area remained f ree of 
blisters o r  holes. Roughened but un­
damaged membrane in foreground due to 
rain on partially cured membrane. 



FIGURE 

TH #61 over I 9 1  

Cracks in Concrete Deck 

All c racks 'Vlere noted on s urface of deck . 
lo cations are to s cale . Vertical s cale 4 0 ' /in. 
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BRIDGE DECK CONSTRUCTION DATA 

MEMBRANE TOTAL SUPER-

BRIDGE SYSTEM STATION TYPE LENGTH CURVATURE ELEVAT IO:J GRADE 

I 9 1  NB over Royston (2)  Simple 
Waits River # 10 5191± Spans 251' 3"-30 ' 15/ 16n 

I 91 SB over Heavy Duty (2) Simple 
Waits River Bituthene 5191± Spans 2 7 1 '  3"-30 ' 5-30 &; 5-31- 72 

I 91 NB over Duralseal Simple 
Route 25B 3100 5l4a± Span 3" -30 ' 15/16" 

I 91 SB over Protecto Simple 
Route 25B Wrap M-400 514S± 160 '  3"-30 ' 10-26- 72 

"----" -_. , --,--

I 91 NB over Hyload Simple 
TH 116 125 5219± Span 150 ' None Normal 1 .  

---- - "----_.,---------_._--

I 91 SB over Gacoflex Simple 
TH # 6  N-3 S  5220± Span 122 ' It I I  

--- -------" �-- -'",--,-,-�,-----.----.,-�--,-� 

I 91 NB over P ro tecto Simple 
SA III M-400 5487± Span 105 ' I f  II 3. 

-�---�-�-

I 91 SB over REA Simple 
SA # 1  4000 5489± Span 105 ' n " 

I 9 1  NB over Heavy Duty Simple 
SA US Bituthene 56l3± Span I I  

-----,-",---- ,-_ .. _. ----

I 9 1  SB over Pro tecto Simple 
SA #5 Wrap M-400 5 61S± Span 128'  111 I I  4 .  

I NB over 
Sure-Seal 3-Span Wells River 
Butyl 5 862± C ontinuous 334 ' n II 0 . 6% & Northerly Half 

----

I 9 1  NB over Sure-Seal 3-Span 
Wells River EPDM 5 86 2± Continuous 334 ' I f  I I  & 

----�-.- -

I 91 S B  over 3-Span 
Butylfelt 5 86 2± Continuous 334 ' n n 6% & Wells River 

TH U61 over Chevron 14+00 Continuous 335 ' tu I I  2 . 5% 7 & I 9 1  



The following discussions the and 

each eleven t ried and conclude on 

use . It is that the recommendations are tentative since long term 

evaluations be to draw conclusions on the 

each product . 

Product are upon the following character-

which would b e  in ideal system. 

Minimum necessary s urface preparation of the concrete . 

An application suitable to most weather conditions . Not moisture 
sensitive . 

E asy application . 

Impervious to moisture penet ration . 500 , 000 ohms minimum electrical 
resistance. 

Not sub ject to bubbling or pinholing. 

Adequate bond to the concrete.  

Adequate seal along the curb lines . 

Sufficient flexibility to resist cracking . 

Not susceptible to heat damage . 

Sufficient toughness  to resi s t  damage during p aving application . 

Sufficient s tability to resi s t  movement during p aving and under continuous 
t raffic . 

The membrane should not affect the performance of the bi tuminous p avement .  

Resistant t o  age deterioration. 

High ratio of service life to in-place cos t . 
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The installed and without 

resistance taken on the a There were 

course of no 

was 

firs t inch 

pressures beneath the 

to at where the 

which occurred in the Numerous short 

were believed due to the "' ... "' ... . _ ... ",,, of  air and vapor 

Such pressures indicate the membrane was providing 

a seal including all and end l ap s . It suspected that the 

would not occurred if both pavement courses had been applied initially , thereby 

p roviding additional dead weight over the membrane . 

Because obtainment a comple te membrane seal along curb lines on some Roys ton 

ins tallations has been questionable ,  current specif ications covering the installation 

of the system include the use of a compatib le polyurethane membrane sealant along the 

curb line s .  Field evaluations conducted on the first b ri dge treated with Roys ton 

Memb rane in May of 19 73  have disclosed no chloride contamination after two winters of 

deicing salt applications . Localized pavement-membrane failures have been recorded 

on a single Royst on ins t allation made in October of 197 3 .  The failures were believed 

due to a combination of factors including the absence of the normal asphalt coating on 

the fiberglass reinforcement , incomplete memb rane bond to the deck c aused by concre te 

surface laitance , and/or low bituminous overlay temperatures combined wi th low 

ambient temperatures . Based on the recorded failures and visual observations made on 

other structures , a recommendation has been made to require pavement lay-down 

temperatures between 3 10°F and 335 °F , to insure adequate bond between the membrane 

and bridge deck , as well as the membrane and p avement .  

Recommendation 

Royston Bridge Membrane #10 is currently included as one of three optional 

systems covered under Section 519 - Sheet Membrane Waterproofing . Continued use of 

the system is recommended if recommendations on temperatures are approved. 
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Problems with the installation o f  Duty Bituthene 

in 

and 

sheets due to immediate membrane adhesion to the 

of the release paper. Air 

result in p roblems with the b ituminous It is 

ficulties 

, and 

the membrane did not 

such 

of air vent out through the while is in a heated  liquid state . 

occurred in the mix over the edges and of twenty 

of total sheet The were due to of the membrane f s 

woven polypropylene mesh now used in UI.;I • .l.YIU is 

to be pre-shrunk , thereby preventing the formation of pavement when overlay 

temperatures do not exceed 300°F . P roblems occurred while paving the second b ridge 

due to reduced pavement stability over the softened membrane . 

Cores taken from the first bridge treated with Heavy Duty Bituthene in Augus t 

of 1972 have disclosed chloride contamination at two of seven locations after three 

winters of deicing salt applications . The concentrations amounted to 0 . 6  pounds 

chloride per cubic yard of concrete in the top inch at one of five wheelpath locations , 

and 0 . 3 pounds chloride at one of two areas 18 inches from the curb line . Leakage 

in the wheelpaths may have been due to memb rane damage during paving or subsequent 

cold flow under traf fi c .  Although the core results indicate a protective system may 

be necessary over Bituthene , the use of such a sys tem is not a viable option since 

there is no way of adhering such materials to the surface of the memb rane . 

Recommendation 

Heavy Duty Bituthene is currently included as one of three optional systems 

covered under Section 519 - Sheet :t-iembrane Waterproofing . The system is recommended 

for further use , with the following limitations . Due to material ' s  low sof tening 

point (160°F) it is recommended that the first course of pavement be placed at a 

temperature range of 24SoF to 2 75°F.  If  chloride intrusion is detected on other 

s tructures treated with Bituthene � further use of the system would not be recommended. 
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The 100 s olids polyurethane toughness and 

flexibili ty in laboratory tests.  Although an earlier , limited trial was 

completely , both the epoxy and the polyurethane deck 

application were plagued by pinholing caused by air and moisture vapor outgassing 

from the concrete .  Slight reductions in the number o f  pinholes were obtained by 

reworking the materials , applying the coating as air temperatures were declining 

in the day and by applying a second coat . An average of 89 holes or bubbles 

were noted per square foo t ; however ,  many were app arently not open to the concrete , 

since half of the electrical resistance readings were recorded in excess 

400 , 000 ohms . The epoxy p rime coat averaged 13 mils while the average wet film 

thickness  of the polyurethane was 65 mils . There were no p roblems with the pave­

ment application. Removal of the compacted pavement disclosed no visible signs 

of damage to the memb rane , but little adhesion was noted between the bituminous 

mix and polyurethane . 

Recommendation 

The Duralseal 3100 system is not recommended for further use. Continued use 

of the sys tem would be considered if the material could be made less sus ceptib le 

to outgassing from the concrete and if the sys tem included a topping which would 

insure adhesion between the membrane and the bi tuminous overlay. 
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The Protecto was inst al le d  without The 

use of a p ick-up truck and 60-inch wi de membrane sheets resulted in the lowest 

labor cos t o f  any 

was along the 

sheet 

the 

�v,.��,m placed to d at e .  An appli cation o f  mastic 

at the curb line � b u t  ob t ainmen t of a 

seal at locat ions was q uest ionab le . The now 

the inst al lation of P ro te cto Wrap includes the use of a comp atib le polyurethane 

membrane s ealant along the curb lines . There were no p roblems with the p avement 

appl i cations ; however ,  a s ingle b li s t er was noted on one of three b ridges 

approximately two weeks af ter p aving . Electric al resi s t ance readings on the 

completed memb rane-pavements were recorded a t  infinity , indicating the sys tems 

were imperviou s . 

Field cores t aken f rom the firs t b ridge t reated with Pro tecto Wrap in May o f  

1 9 7 3  have disclosed n o  chloride contamination after two winters o f  deicing s al t  

app l ications . 

The o ccurrance of b l is te rs in the memb rane and p avemen t have b een noted on 

several o ther P ro tecto Wrap inst allations . The p roblem generally o ccurs when the 

b i tuminous overlay temperature i s  in the 300 ° F  range . A recommendation has b een 

made to require pavement lay-down temperatures between 245°F and 2 7S o F  to less en the 

p o tential f o r  b li s tering and also to reduce the material ' s  s us cep t ib i l i ty to damage 

during p aving . An excep tion to the temperature requirement could be made i f  a 

p ro te c t ive sys tem s uch as Protecto Wrap P-IOO were placed over the membrane . 

Recommendation 

P ro tecto Wrap M-400 is currently included as one of three op t ional systems 

cove red under Section 519 - Sheet Memb rane Waterp roofing. Continued use of the 

sys tem is recommended i f  recommendations on tempera t ures are approve d .  
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The PVC 

a 

membrane 

extruder supplied by 

was 

Labor costs the 

were low due to the production obtained with the mechanical 

application . Adhesion of the liquid polymer to the concrete with the s 

condition , but A bubbles were noted in the 

liquid membrane prior to the installation of the roofing sheet course .  

The liquid membrane to p rovide an seal along the curb l ines . 

Electrical resistance readings on the completed system indicated a waterproof seal. 

P roblems occurred with the installation of both the first and second courses of 

p avement .  The problems were due to a combination o f  paving procedures and reduced 

p avement s tability due to the underlying membrane . A second experimental appli­

cation of the system was completed and paved without p roblems in 19 75 . 

The basic polymer cost o f  approximately $5 . 00 per gallon is about one-half 

the cost of the average liquid applied material.  Low in-place unit costs could be 

expected on the system if contract quantities are sufficient to warrant a contractor ' s  

purchase of a field extruder.  

Recommendation 

NEA 4000 is recommended for further use with the following limit ations . Due 

to the material ' s  low temperature softening point , it is recommended that the first 

course of pavement be p laced at a temperature range of 24SoF to 275°F ,  and that 

initial compaction be carried out with a light-duty rolle r .  
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The of cutback coat , 

membrane sheet in a 

roofing 

PVC 

asphalt .  The toughness and s t ability of the 

III 

pitch and 

version of the may be that a 

without requiring an additional 

bituminous pavement .  The installation 

course in addition to the 

an extensive amount 

was completed without serious difficulty . A hot application of roofing 

labor but 

asphalt Was used to seal the j oint between the deck and curb ; however ,  cold 

weather shrinkage of the asphalt and bituminous p avement may result in loss o f  

adhesion t o  the epoxy mortar and granite , with subsequent leakage i n  s uch aress . 

Although few problems occurred during the application of the f irst course o f  

pavement , b listers began appearing in the membrane and pavement p rior to the 

application of the final cours e .  Additional blistering occurred in the completed 

p avement the following spring , with the advent of warm weathe r. Inspection of the 

system confirmed that the ventilating underlayment was not sealed to the deck and 

should have allowed continuous lateral movement and dispersion of any developing 

air o r  moisture vapor p ressures . The blister formation may not have occurred if the 

additional dead weight of both courses o f  pavement had been applied upon completion 

o f  the membrane system. 

The Hyload system is not recommended for further use. Continued use of the 

system would be considered if the less expensive standard membrane systems p rove to 

b e  inadequate and if p rovisions can be made to insure that b listering o f  the Hyload 

membrane does not occur. 
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o f  the Butyl rubber sheet was t ime consuming due 

of a roller of the b onding adhesive on the 

The 

to the 

deck and the bottom the memb rane , also the the membrane 

and the bot tom of the protection boards . the ins t allation 

entailed placing the membrane sheets while the bonding adhesive was s ticky , the 

risk of membrane-pavement blisters was present due to the potential entrapment o f  

solvents in areas given heavy appl i cations of the adhesive or where puddling might 

occur. The sys tem included a very e ffective procedure for s ealing s ide and end 

lap j oints between sheets  and a polyurethane seal b etween the butyl sheets and the 

granite curb . Use of the electrical resistance test pro cedure for evaluation o f  

the sys tem i s  not practical due to the presence of conductive materials i n  the b utyl 

rubber sheets . The first course o f  pavement was applied without p roblems , although 

fifteen fine cracks were noted in the compacted pavement .  Most were longitudinal 

cracks occurring at 15 , 25 and 35 foot offsets , indicating they were the result of 

incomplete bonding adhesive coverage along the mid-point of the II-foot wide sheets . 

The pavement-membrane sys tem has remained f ree f rom p roblems since the f inal course 

of pavement was placed.  

Recommendation 

Sure-Seal Butyl Memb rane is not recommended for f urther use until follow-up 

evaluations can be comp le ted . Continued use o f  the system would be considered i f  

the less expensive standard membrane systems p rove to be inadequate . 
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The installation of the cured EPDM rubber sheet was time 

due to the o f  roller of the adhesive on the 

deck and the bot tom of the membrane , and also the surface of the memb rane 

and the bottom of the Since the 

the membrane sheets while the bonding adhesive was sticky , the risk 

membrane-pavement was 

in areas a heavy application 

due to the potential entrapment of solvents 

the adhesive or where puddling might o ccur . 

The included a very effect ive for sealing side and end lap j oints 

between sheets . Sof tening and/or swelling of the membrane was noted at several 

locations whe re a heavy application of adhesive was applied prior to the ins tallation 

of the protection boards . Use of the electrical resistance test procedure for 

evaluation of the system is not p ractical due to the presence of conductive materials 

in the EPDM rubber sheets . A number of cracks and b listers occurred in the firs t 

course of pavement , requiring puncturing of the protection board and membrane in 

order to allow compaction of the mix.  Nearly all of the cracks occurred at the 

mid-point of the IO-foot wide sheets where coverage with the bonding adhesive was 

apparently not complete due to the necessity of folding the sheets in hal f .  

Approximately forty-five additional c racks were noted in the firs t course o f  pave­

ment over a three month period prior to the installation o f  the riding surface . 

Most appeared as a series of short irregular cracks with a slightly elevated s urface , 

which suggests they were caused by air or moisture vapor  pressures beneath the 

membrane . Soundings taken on the pavement also revealed the existance o f  hollow or  

unbonded areas in  up to  thirty percent of the areas checked.  The pavement-membrane 

system has remained f ree from problems sin ce the final course of pavement was placed. 

Sure-Seal EPDM Memb rane is not recommended for further use due to it ' s  high 

cost and difficulty o f  application. 
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The was etched in lieu of 

the manufacturer.  The 42-inch wide membrane 

, at the 

were bonded to 

of 

concrete 

with neoprene adhesive on the bottom of the sheets and on the deck 

The the entire o f  the membrane with 2-inch 

wide hand rollers was a or in the labor 

seal was obtained along the curb line , using a 

compound. A two-component polyurethane was used to adhere 

to place An 

neoprene 

to the 

membrane The protection system was omitted on a third of the due to 

p roblems with the installation. A few cracks and a single b lister were noted during 

the pavement application . Prior to placing the riding surface , additional cracks 

were noted , with most occurring in the area where the pro tection boards were omitted. 

Repairs made to the membrane revealed the existance o f  air pressure generally at the 

mid-pOint of the sheets where coverage with the adhesive was apparently not complete. 

C racking and shoving of the finish p avement necessitated the repair of such areas 

in August of 19 75 . Removal of the pavement disclosed that the polyurethane coated 

neoprene membrane was no longer adhered to the substrate over approximately seventy 

percent of the area, while ten percent of the unt re ated membrane was no longer 

bonded . Measurable amounts of water were noted on the deck surface when the membrane 

was removed ,  even though there were no holes or tears in the system. The problems 

with the pavement-membrane system may not have o ccurred if protection boards had 

been placed over the entire membrane and if both courses of p avement had been 

app lied upon completion of the system . 

The Gacoflex N-3 S  Membrane system is not recommended for further use due to 

' s  high cost and the probability that  the system would not be installed properly 

under typical field conditions where an application specialist was not presen t .  
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The membrane was in of 

Minor with the 

of the sheets and o f  their A two-component 

the curb in addition to the 

included 

polyurethane was 

since the sheet did not have sufficient flexibility to to the 

curb face . Use of the resistance test for 

evaluation of the is not due to the p resence of conductive materials 

in butyl rubber sheets . The use of an RS-l emulsion to bond protection 

boards to the membrane resulted in problems at locations where the emulsion had not 

b roken p rior to overlayment and also in areas where the coating reliquified with 

heat . The difficulties included b leeding of emulsion up through the bituminous mix 

and slippage of some protection boards . A total of 31 transverse and longitudinal 

cracks were recorded in the first course of pavement .  All were located in the first 

and fourth paving pas ses made adj acent to the b ridge curb s . A number additional 

cracks were noted in the first course of p avement over a two-month period prior to 

the ins tallation the riding s urface . Mos t  appeared as a series of short irregular 

cracks with a slightly elevated surface , which suggests they were caused by air or 

moisture vapor pressures beneath the memb rane . Inspection of two typical crack 

locations revealed the absence of sufficient bonding asphalt beneath the membrane . 

Excellent bond was noted between the pavement and p ro tection board , as well as the 

protection board and Butylfelt sheet at both locations . With the exception of a 

few f ine cracks which occurred initially in the riding surface , the pavement-membrane 

system has remained of problems . 

Recommendation 

The Butylfelt system is not recommended for further use due to it ' s  cos t , 

difficulty of application and lack o f  adequate p rOVisions for sealing the critical 

curb line area. 
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The f S  interest in the Chevron Memb rane Sys tem was due in 

to an made in , where a 

deck e liminated blistering and pinholing of the liquid memb rane . Al though the 

s �e was used in Vermon t , preheating was not s uc cess ful in p reventing the 

formation of blisters or bubb les in the coating due to air and mois ture vapors 

outgass ing f rom the concrete . It is s uspecte d  that the preheating procedure was 

no t completely adequate due to a very high moisture content in the deck , which had 

been cast 50 d ays earlie r , and also due in part to almo s t  daily rain showers prior 

to the membrane appl ication . The value of the heat applicat ion was confirmed when 

numerous large b li s ters and craters o ccurred in the polyurethane applied on a small 

area of the deck which was not heated. Reductions in the numb e r  o f  b lis ters were 

achieved with varied heat cycles combined with spray ,  ext rusion and squeege e  

applications of the polyurethane . The only area which remaine d  f ree of bubb les 

o r  holes was t reated with a squeegeed prime coat followed by a sprayed top coat 

approximately 3-1/2 hours late r .  High elect ri cal res is t an ce readings ob tained on 

the completed memb rane indicate that few i f  any of the bubbles or holes were open to 

the concrete . C oncrete s urface temperatures in excess o f  1700 F resulted in deck 

surface f racturing at f ive locations . Res tricting such temperatures to a maximum 

of 1500 F would appear desi rable s ince little if any further reduction in b lis tering 

was noted with the higher surface temperature s . The memb rane provided an excellent 

seal along the curb line and passed all laboratory requirements for puncture 

res istance and flexib ility . 

Recommendation 

Chevron ' s  Bridge Deck Memb rane disp layed sufficient promise to warrant 

further experimental use . 

90  



As result of encountered with the application of 

membranes in the years 71 , a tvhich covers 

the use of the three standard sheet sys tems ; Duty Bituthene , 

ton 1110 and P rotecto Wrap H-400 . The , '.Jhich has been used on mos t  

The 

, allows the contractor the option o f  the 

with the memb rane covered in this report , 

combined with the latest results of  cont inuous follow-up , do not indicate 

that any maj or shi f t  should be made away from the preformed sheet 

Characteristics s uch as f lexibility and controlled membrane thickness ,  plus eas e  o f  

application and the resulting low in-place cos t , continue to make the standard 

preformed sheet systems more desirable than any other membrane type . 

I t  is recognized that the preformed membranes do have several weak points o r  

p roblem areas . These  include the curb line seal , the formation o f  b listers during 

the pavement application and the question o f  whether a protective system should be 

placed over the materials . Although all three systems have the potential for water­

p roofing the gutter line and curb face , the end result depends to a great extent on 

the care and expertise o f  the workmen making the installation. For that reason , 

Vermont ' s  specifica tion now calls for the placement of  a compat ible liquid poly­

urethane seal along the membrane perimeter and the vertical curb face when Roys ton 

or P ro tecto Wrap are used . Bituthene mastic will continue to be use d  with the 

Bituthene system since the polyurethanes do not develop adhesion to the membrane . 

Problems with the formation of b liste rs in both the membrane and pavement during 

paving have been recorded on P rotecto Wrap and a number of other experimental systems . 

The b listers are believed due to small concentrations of  moisture which collec t  

beneath the membrane due t o  outgas s ing of  moisture vapor from the concrete . Such 

moisture consequently turns to a vapor or gas when exposed to the high temperatures 

of  the b ituminous overlay . Recommendations have been made to reduce the temperature 
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of the firs t  course of  bituminous p avement.  It believed that s uch action 

would eliluinate all and also lessen the 

materi,als whi ch have a low 

for damaging 

, such as Heavy 

Bituthene. 

The use of  a 

which should be considered to 

course over individual membrane is a 

during the p avement application , 

as well as cold and/or creep under continuous t raffic 

Observations and field test results to date indicate that Royston and Protecto Wrap 

do not a if  the full depth of  is  shortly 

the membrane Chemical of cores taken f rom a s tructure 

treated with Heavy Duty Bituthene in 19 72 , have disclosed the penetration of 

chlorides in some wheelpath areas . Such findings suggest that the system may require 

a pro tective course . If  s uch a need is confirmed by further test results , the use 

of Heavy Duty Bituthene would be discontinued since there is no reliable means o f  

adhering a protective course t o  the memb rane . 

Agencies contemplating the use o f  the three standard sheet membranes are 

advised to consider the use of a protective course over the systems if coarse aggre­

gates in their bridge p avements exceed 3 / 8-inch in s ize ; i f  traffic volumes in excess 

of  10 , 000 vehicles per d ay are anticipated ; or ,  if  ambient temperatures o ften exceed 

9 0° F .  

The inst allation of P rotecto l<1rap I S  P-lOO protection course was considered 

successful in the application discussed in this report . Other companies  which market 

membrane systems are encouraged to develop and supply p ro te ctive materials which 

would compliment their memb ranes , for use by agencies which desire to include the 

use of such materials . 

The five preformed sheet systems selected as most p romising in the NCHRP Proj e ct 

12-11 were generally considered difficult to install.  Actual or  potential problem 

areas varied with the individual systems but included the use of adhesives with 

critical air curing requirements , difficulties in obtaining complete coverage with 

bonding adhesives , inadequate p rovisions for sealing curb lines and difficulties in 
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the � � � w �VLL b o ar ds to the memb rane . The Sure-Seal EPDM and 

memb ranes plus the memb rane included the use of bond ing adhesives '-li th 

cri tical air few dU 

does 

occurred vii th the use 

of s uch mate rials the for any 

made under f ie l d  conditions , when an 

The Gacoflex sys t em an excellent seal along the 

not b e  

line with a 

t rowel grade neoprene compound which cured into a tough rubber s eal . However ,  the 

use of a 

b e  reconsidered in 

t o  adhere 

of the 

p rotection b o ar d  to the neoprene 

that revealed up to 

the memb rane so treated did not remain adhered to the deck s ub s trate 

should 

percent o f  

The Hyload 

and Butylfelt cal l  for the use of hot-applied asphal t s  to s eal off the deck-

curb j oint and the lower curb f ace . Because the asphalt would b e  t o  

develop greater adhesion t o  the bi tuminous p avenlent than t o  the mor t ared j oint and 

g ranite curb , shrinkage o f  the pavement with cold weather and aging may res ul t in 

leakage at the curb f ace . Although b li s ters and/or c racks occurred in the initial 

p avement s  p laced over all five , it is believed that mos t  of the p roblems 

would not have o c curred i f  a thicker initial course o f  p avement had b een placed and 

i f  l ower p avement t empe ra tures had been maintained .  

As a g roup , the f ive preformed memb rane sys tems i dent i f ied by the NCHRP P roj e c t  

12-11 a r e  not recommended f o r  further use due to the d i f f i culty i n  ob taining the 

proper application of the materials and also b ecause of thei.r high in-p lace cos t s ; 

however ,  use o f  several o f  the woul d  be reconsidered if follow-up evaluations 

p rove the s tandard prefo rmed sys t ems are not s atisfactory .  

NEA 4000 , the east coast low t emperature vers ion o f  Supersea1 4000 , shows 

sufficient p romise to warrant further use . Experiences with two applications o f  the 

syst em indicate that p o t ential paving p roblems can be p revented by reducing b ituminous 

mix temperatures to 2 7S oF o r  lower and by applying initial compaction with a 

weight roller . 

Duralseal 3 100 , a one-hundred percent solids polyurethane , p rovided the tough-
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ness and in a memb rane , but \-1as by pinho ling due to 

air and mois ture vapors 

and developed 

o r  V U .bem;;> wi th the 

f rom the conc re t e . Since the 

adhesion to the sub s t rate , there were no 

application. However , the mat erial 

considered for further use only if it could be made less to 

is not 

b e  

and i f  the inc luded a which would insure adhesion o f  the bi tuminous 

Limi ted use o f  

f o r  deck 

s uch as Duralseal 3100 are 

or p roj e c ts , where surfaces are too 

t o  apply the she e t  memb rane s . 

The Chevron Memb rane Sys t em , although also by outgassing , 

s u f f i cient p romise to warrant experimental use . 

has sho\'ln that mos t  s erious p roblems which o ccur w i th memb rane 

app li cations are directly related to the p avement applications , or more specifically , 

the p aving p ro cedures and pavement design . Agencies contemp l ating the use o f  

p reformed memb ranes o r  thermo-plas t i c  liquid applied sys t ems a r e  s t rongly encouraged 

to alter their normal procedures to f ully comply with the recommendations o f  the 

memb rane ' s  manufacture r . Initial cracking and b lis of s uch p avement-memb rane 

sys tems could be eliminat ed ,  in many c as e s , by b ituminous mix t emperature s  

t o  2 7 S o F o r  lowe r , by p lacing thicker p avement cou rses , and by app lying ini tial 

compaction e f f ort with light-weight rollers . Wearing courses over memb rane systems 

should b e  a minimum of two inches thick , with three inches p referred . If p l aced in 

more than one lif t ,  the f i rs t  course should b e  1-1/2 inches thick. 

Annual evaluations are being conducted on all b ridges tre ated with experimental 

memb ranes after they have b een sub j e c t e d  to two o f  deicing s al t  app li cations . 

The evaluations have inclu de d  res i s t ivity t e s t s , s teel potential readings , mois ture 

s t rip readings , and the recovery o f  concrete s amples for the determination o f  

chlor id e  con t en t . Information reco rded on T ab le 5 p age lOl lis t s  chloride concen­

t rations recorded on b ridge decks waterp roofed b e tween 19 71 and 19 7 3 .  The chloride 

levels c an b e  compared with b as e  chl o ride level s  whi ch ranged f rom 18 t o  parts p e r  
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million in the 

detected :i.n the 

with the 

have ini tial 

const ructed decks . The data also includes the chlorides 

but unt reated approach slabs  of the same s t ructures . lVhen 

slabs , the results show that most o f  the membrane 

for areas adj acent to the 

curb line. Although the may be considered tentative due to the 

short evaluation ) the results indicate that 

impervious membrane materi als may be adequate for 

and les s  than 

p roperly drained 

free s t ructures , if curb line areas are t re ated with an impervious membrane materi al . 

Further research is and will continue in are a .  

Although the success of  a is dependent upon a number of  

conditions which would vary in different localities , the observations and recommenda� 

tions covered in this report should be o f  value to other agencies contemplating 

s imilar membrane usage . 

The author wishes to emphasize that this report  is  not intended to promote 

the use of  b ridge deck membrane systems . Although experience indi cates that a number 

of memb rane systems are capable o f  providing the desired protection , the potential 

for imp roper p lacement and other related problems with individual applications is 

sufficient to discou rage membrane usage in areas where a lack of sufficient 

attention and inspection might be anticipated . 
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PRODUCT EVALUATION SUM}UiliY 

fi 
11"\ 

� i � 
N 

j 
..-l 

Field Observations j1 � � *  
� � � ; 

. 
, 

Req1 sweep .. �!,:eJ? or :cr sW:':E!J?_ sweep sweep 

Moisture Sens itive Yes Yes Yes Yes ! 

Ease of  Appl:lcat ion Easy :age :rage Easy Difficult 

Bond & Seal at Curb I Fair Fair Excellent Fair 
I 

Bubbles and/or pin-
Na Yes/No Yes No Yes/No No holes in Membrane i 

Electrical Resistance 
I p rior to Pavement Infini ty Infinity I 1 , 450 , 000 Infinity Infinity ! Infinity 

in ohms/ s .  f .  I 

Bond Between P ave- Fair to Fair to 
ment & Membrane Good Good Poor Good Good Fair . 

P avement Subj ec t  to 
Blis tering and/or  No/Slight No/Yes No Slight/No No/Yes Yes 
Cracking • 

Post Const ruction Cracks in Shoving in Shoving in Blisters 
Problems with P ave- 1st course 1st course No No 1st course in Memb . 
ment & Membrane of pavement under t raf. under traf. & Pavementl  

Cos t per s . y.  not $ 4 . 25 $ 4 . 50 $ 7 . 25 $ 4 . 25 $ 4. 00 $ 8. 00 
Including Pavement 

Lab Observations 

Flexibility @ O°F  Passed P assed I Passed Failed P assed Passed 

Mois ture Absorp tion No Test No Test 1 . 6% No Test No Test No Test: . 
i 

Elongation OVer 
Passed Passed Passed Passed Passed Passed C racks @ 0°11 

t 

Recommendations 

Recommended for 
Yes Yes Further Use No Yes Yes No 

. 

Await Follow-up 
Evaluations 
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Cf.I 
M 
I -ti :2i 

!d 'i!t :< 
to \l.I 

I\! I\! � A CII 
Field Observations 

I\! Iii OJ OJ i g OJ il Cf.I 00 ...-! 

� M 

� lS  
I.!-l 1-1 I-l I.lO I-l 

k 1 8 i  > "tl 1j  
., =' Pot  00 I\! � 1j Q) 

Cf.I tI) �  <;.!) �  U � �  

Surface P reparation Wash & Wash & Sandblast Wash & Wash & 

R.equi red sweep sweep or Acid E sweep sweep 

Moisture Sensi t ive Yes Yes Yes Yes Yes 

of Application Difficult Difficult Difficult Average 

Bond &. Seal at Curb Fair Fair Excellent Fair Excellent 

Bubbles and/or pin-
No No No No Yes holes in Memb rane 

Electrical R.esistance 
prio r to P avement 
in ohms / s .  f .  

14 , 000 109 ,.000 5 ,000 , 000 1 ,000 , 000 

Bond Be tween Pave-
ment &. Membrane Good Good Good 

P avement Subj ect to 
Blis tering and/or Slight Yes Slight Yes No 
Cracking 

Post Construction & 
Cracks in. 

& 

P roblems with P ave- tel'S in 
Pavement 

in No 
ment &. l>[emb rane p avement 1st course course 

Cos t  per s . y. not 
$ 9 . 75 $ 9 .  is $ 17. 00 $ 8. 75 $ 6 . 88 

Including Pavement 

Observations 

Passed Passe d  Passe4 P as se d  P assed 

Abs o rp t ion No Test No Test Test No Test 1 . 5% 

P assed Passed Passed P assed P assed 

ions 

f o r  
N o  N o  No Yes 

x 
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SUMHARY OF n""'e .... H.'I.nJ.".w 

tl .,..j "" 
� �  

\Zl ! O �  0 
.".. N 
{j} {j} \D M m 

Field Ob servat ions 

;:l III S M  f:i! 0  
,j,J 't:I  "" 't:I  
S � � � 

Surf ace p reparation 
required 

Moi s ture No Yes 

Ease of appl i ca t ion Easy 

Bond Fair 

Bub bles and / or 
holes in 

4 1 , 500 

Bond between p ave-
Goo d  Good P oo r  ment and membrane 

No No No 

No N o  N o  

Cos t per s . y .  n o t  
including p avement $ 3 . 75 I $ 3 . 5 0 $ 12 . 30 

*Would not have o c curred under normal condi tions 

Lab Observations 

Flexibi l i ty @ - 1 0 ° F  

Moi s ture ab sorpt ion 

E longa t ion over 
cracks @ O O F  

Recommendat ions 

Recommended for 
further use 

Await follow-up 
evaluations 

1 . 4% 

Failed 

No 

P 

No Tes t  5 . 0% 

Fai led Failed 
I 

No N o  

W 0 
;j }."J til tl � W 0 
� 

.w o ·  0 � Qj "" ::k ::c P.; 

4 

Poor Poor ai r  

No No No N o  

N o  N o  N o  *Yes 

$ 7 . 2 3 $ 7 . 23 

� . J/Q I No Tes t  N o  

. Passed 

-

Yes Yel 
.--

J 



Field Observations 

ce p reparation 
uired 

of appli cat i on 

& seal at curb 

Observations 

absorp tion 

over cracks 

72-10 and 73-1) 

Wash lit Sweep Wash & Sweep Wash & i:)WE�e1J! Wash & Swee 

Yes Yes YeS Yes 

Average Average Average i f f i cult 

Good Good Good Fair 

Yes /Yes Yes /Yes Unknown Yes /Yes 

480 , 000 
2 ,  

5 1 , 600 

Poor Poor Fair Good 

No No No Yes 

No No No Yes 

$ 4 . 5 0 $ 4 . 50 $ 4 . 50 $ 9 . 00 

Passed P as sed No Tes t  Fai led 

3 . 0% 2 . 9% No Tes t  N o  Tes t  

Failed Failed No Tes t Fa.iled 

No 

x x x 

99 

sh & Sweep 

Yes 

Yes /No 

Infini ty 

Good 

Yes 

No 

$ 7 . 25 

Passed 

No Tes t  

Passed 

Yes 



SUMMARY OF MlOOlRANE 

Field Observat i ons 

Surface p reparation 
required 

Moi s ture s ens i t ive 

Ease of app lication 

Bond &: seal at curb 

Bubbles and/ o r  p in-
h o le s  in memb rane 

Elec tr i cal res i s t ance 
prior to p avement 
overlay in ohms / s f  

Bond b etween p ave-
ment and membrane 

Di f f i cult't with �?vemen a��l�ca-
�on over m rane 

Loss o f  �avemen t 
s tabi 1  ty under 
t ra f f i c  

Gos t p e r  s . y _  n o t  
including p avement 

Lab Observations 

Flexibi l i ty @ -IO ° F  

Mois ture abs orp tion 

Elongation ove r cracks 
@ O ° F 

Recommendations 

Recommended for 
further use 

"..... 
.j..l 

.;i 
III to 
.j..l p.., 
0 

� 
.-! 
0:1 
j,.! 
::I 

A 

Sandb l a s t  o r  
Acid E t ch 

Yes 

Good 

Ye s /Yes 

4 1 , 000 

Poor 

No 

N o  

$ 5 . 7 3 

Failed 

3 . 6% 

Failed 

No 

(i') 
N 
N 

<J 
"d <J I::i 
I:l to 'f"l  
0 o to 

� u p.., 

m j,.! 
to to 

p;:; p;:; H 

b las t o r  t or 
Wash &. 

No No Yes No 

Fair 

Yes /Yes 

1 , 2 00 , 000 5 , 100 1 , 100 No Tes t 

Poor Poor Poor Good 

No N o  No N o  

�o N o  No No 

$ 9 . 9 9 $ 2 2 .  $ 1 . 3 2 $ 1 . 40 

Failed Failed P as sed Failed 

1 . 4% No Test 0 . 8% 1 . 9% 

Failed Failed Failed Failed 

N o  No No 

o 



cm.ORIDE CO;;;CENTRAT IONS RECORDED IN 

BRIDGE DECKS PROTECTED '-lITH EXPERL'1ENTAL NEHJ3RAl:E SYSTEt1S 

BRIDGE l:-.'1JHBER 
& PRODUCT 

1 Tar Emul sion 

2 Uniroyal 

3 T a r  Emuls ion 

4 Uniroyal 

6 Tar Emu l s io n  & G . F .  

7 Bon las t i c  

8 Tar Emulsion & G . F .  

9 Du ralko te 304 

10 Duralkote 306 

11 II . D .  Bituthene 

12 Tar Emul s ion & G . F .  

14 Tar Emulsion & G . F .  

15 P o lytok 165 

16 Duralbond 102 

17 P o1ytok 165 

1 8  Ho t Aspha l t  & G . F .  

19 Rambond 6 20- S 

20 Ho t Asph a l t  & G . F .  

21 T ar Emu l sion & G . F .  

22 Polyas tics 

-23 Duralko t e  

24 Roys ton 11 10 

25 P ro tecto lvrap 

Approach Slabs (9 ) 
App ro ach Slabs (9) 

. .  CHLORIDE CmiTENT IN PARTS PER fGLLIO�t 
DATE WINTERS OFFSET FROH CURB & SAl1PLE D:::?TH 

APPLIED S�\LTED 11 Foot 5 or 10 Fee t 15 Fee t  

7-20-7 1  

8-1 8- 7 1  

7-20- 71 

8-1 8- 7 1  

7-14- 7 2  

7- 3 1- 7 2  

7- 2 7 - 7 2  

7- 12-72 

7-2 9- 7 2  

8-1 4- 7 2  

5-25- 7 2  

7-24- 7 2  

5-13- 7 2  

7-20- 7 2  

8-2 3- 7 2  

5-16- 7 3  

4-20- 7 3  

5 - 2 3- 7 3  

5 - 7 - 7 3  

5-7- 7 3  

4-2 1- 7 3  

5-2- 7 3  

4-16- 7 3  

No 
T reatment 

4 

4 

4 

4 

3 

3 

3 

3 -

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

2 

0-1" 1-2" 0-1" 1-2\1 0-111 

C�3J 

[48) 
'-'---1 
t,2.9 6 .l 

i11il " . .  .J 

r----� 

� _ 5 3�! 

.,...---'1 i 5 6  ' 
• ... • .  J 

[. 5"3l , "' 

2 9  

2 6  

4 2  

30 

3 7  

32 

35 

40 

40  

31 

24 

43 

31 

44 

29  

39  

4 6  

3 7  

( 82'"'l 
.�_ -J 

36 

35 

4 2  

46 

44 

3 8  

3 2  

36 

24 

45 

2 1  

3 7  

3 8  

40  

40  

4 4  

.-.., 
! 83 ! 
:60 ? 

3 3  

3 2  

35 

45 

43  

45  

4 0  

3 7  

3 6  

3 2  

3 2  

39  

2 7  

4 3  

34  

35 

46 

2 1  

4 3  

17""6Jt 
" ,. .." 

35 

46 

46 

4 5  

46  

45 

31 

2 2  

3 0  

42  

43  

3 2  

41  

39  

4 4  

34  

3 7  

35 

5 2  

45  

29 

4 5  

3 8  

41 

2 4  

2 9  

2 9  

3 3  

4 5  

3 9  

3 2  

Shading indi cates areas wi th chl o ride concen t rations over b as e  levels o f  18 to 4 6  PPM. 
Divide PPM by 2 5 0  to ob tain chloride concent rations in Ibs . / c . y .  of concrete .  

101 


