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WORK PLAN #4 - INITTAL REPORT
BON-LASTIC MEMBRANE

PROJECT

Barton BEMP I 91-3 (19)

PROJECT LOCATION

In the County of Orleans, Vermont, beginning at the point of intersection with
Vi Rte 16 southerly of Barton Village and extending northerly approximately
5,417 miles.

WORK LOCATION

T 91 southbound bridge over State Aid Highway #2 at station 2171453 - 2172453,
5.2 miles south of the US Rte 5 Interchange at Orleans.

CONTROL SECTION

1 91 northbound bridge over State Ald Highway #2. See data on pages 11 fo 15.

BRIDGE CONSTRUCTION DATA

Type of Structure - Simple span
Span Length - 1001
Overall Length - 1027

Curb to Curb Width - 39.33°

Skew - 79
Horizontal Curvature - 2° 45¢
Grade - + 2.84%

Superelevation - 13/16%/ft

DECK CONSTRUCTION DATA

Date Poured - August 16, 1971

Weather Conditions - Clear 25% Humidirty No breeze

Temperature - 7598

Deck Thickness - ar

Concrete Cover Over Reinforcing Steel - 21 . 2 1/8% 2 1/16" average

Concrete o Class AA




DECK CONSTRUCTION DATA - cont'd

Cement -  Type T 6% bags per c.y.

Aggregate Size - 3747 maximum

Alr Entraining Admixture - Darvex 7 oz per c.y.

Retarding Adwmixture - None

Pour Sequence - South teo north

Finishing Method - Capitol finishing machine on outside beams
Surface Texture - Broomed finish

Curing = Plastic cover with sprinkler hose on high side of deck

Concrete Test Results:

Percent Air = Low 6%% High 7%% 6.6% average on 18 tests
Slump -  TLow 2 3/4% High 3%" 3.2" average on 18 tests
Modulus of Rupture - Average 768 psi at 28 days

DECK CONDITION

Surface Texture - Moderate broom finish
Cracks - None detected

Miscellaneous - Asphalt droppings were scattered over the deck from trucks
hauling the bituminous base course for the roadway.

Steel Corrosion Readings - Initial veadings taken on the deck averaged
0.10 volts, indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Bon-Lastic Membrane
A two part coal tar pitch polyurethane elastomer manufactured by
The Robson Corporation
Box 67
Oxford, Maryland 21654

Test Results - None

RECOMMENDED APPLICATION PROCEDURE

Remove all contaminants from the concrete surface. Sandblast or acid etch to re-
move laitance as required. Sweep the surface clean and allow to dry. Apply the
specified one part E, P, Urethane Primer by roller or spray at the rate of 250

square feet per gallon. Allow primer about three hours to dry. Cowmbine one part




RECOMMENDE

D APPLICATION PROCEDURE -~ cont'd
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Place bituminous weaving course as required.

MEMBRANE APPLICATION

Hammers, chisels and a grass edging tool were used to vemove most of the larger

asphalt droppil
the bituminous

RS

e

which were scattered across the deck duriﬁg the application of
base course on the adjacent roadway., The deck was then washed

clean. A blower unit was used to remove dust on the day the m@mhfane application

began,

OBSERVATIONS MADE DURINC MEMBRANE APPLICATION

%
Time Temnn Humidity
7724772
10:45 73° 64
11:45 72° 63
2:30 76° 62
2:45 76° 63
4230 76° 53
7/31/72
10:00 790 35
10:55 780 33
11:30 800 34
12:10 30° 37
1:35 82° 28
2:30 84° 26

Temperature vecovded in shade, 100% cloud cover,

Began applying the E, P, Urethane primer with longhandled
paint rollers.

Prime coat complete except for 6" width along the lower
curb where moisture was present. 17.5 gallons of primer
was used on 4200 s.£. of concrete for an application rate

of 240 sf/gal

Began apblylnﬂ Bon~Lastic Membrane with squeegees along
westerly curb. 390 s.£. covered with 8.5 gal for an appli-
cation rate of 46 sf/gal (35 mils).

Work area hit by a light rain shower. A 10 gal batch of
polyurethane mixed minutes earlier was wasted since it

could not be placed on the wet deck. Most of the rain which
fell on the liquid polyurethane remained on the surface of
the material and was worked off the surface with paint rol-
lers.

Light sprinkle rewet work area.

25 to 75% cloud cover.

One set of copper foil strips was placed adjacent to the
easterly curb,

Began applying second coat along westerly curb.

Mixing third 10 gal batch. Beads or ridges of the poly-
urethane left by the squeegee are being smoothed out with
a paint roller to obtain a uniform thickness.

40 gallons applied on 1836 s.f. for application rate of
46 sf/gal (35 mils). Bubbles and pinholes can be seen in
the membrane coating.

70 gallons applied on 3130 s.£. for application rate of
44.7 sf/gal (36 mils).

Coverage complete except for second coat along easterly
curb., A total of 100 gallons was applied on 4244 s.f, for
an overall coverage of 42.4 sf/gal which amounted to a
film thickness of 39 mils.




OBS ATIONS MADE DURING MEMBRANE -
%
Time Fenp Humidity
§/1/72 50 to 607 cloud cover.
G0 o@(} N 1 ey vt ey 1 1 1 63 el K \ £ b
2:30 82 4% Began mixing 10 gal batch. Approximately 5 lineal feet
by 1 inch in width of foamed polyurethane was cut away
from the curb on the low side of the deck. Material had
5 foamed due to excessive thickness.
2:55 84 34 10 gallons applied for a second coat along the easterly
curb at the vate of 43 sf/gal
TABLE 1
Bubbles and Pinholes - Bon=Lastic Membrane
ALl locations checked were one squavre foot in area opposite guard rail post
number 10 on the westerly side of the deck. Posts were numbered south from the nor-
therly end.
Curb Offset Application Rate (sf/gal) Pinholes Bubbles
2t 46 & 54 (2 coats) 74 21
o 46 & 54 (2 coats) 102 14
6! 46 64 0
8! 46 41 6
10! 38 94 19
12! 38 60 15
141 40 44 16
16! 40 16 6
18! 41 26 5
20" 41 31 6
22" 40 12 0
32! 43 48 17
367 38 & 43 {2 coats) 60 8
38" 36 & 43 (2 coats) 3 0
The 14 areas checlked had an average of 49 pinholes and 10 bubbles per square
foot. However, electrical resistance readings and testing with hydrocloric acid did
not indicate tbat any of the bubbles or pinholes were open to the concrete surface.

L
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COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACH

Membrane Treatment - 472 sy @ $4.50/sy = $2,124.00

i £y €
G 8

ick
78 tons @ 57.00/ton = §  546.00

Bituminous Concret
Type IV bituminous mix (95-100% passing the 3/8" sieve) used on all bridge decks.

Representatives of the Robson Corpovation were on the project to supevvise the appli-
cation of Bon-Lastic Membrane. A discussion ensued on the merits of using roofing sheet

as pavt of the membrane system. The manufacturer explained that the roofing sheet was

designed to provide three servvices. First, 1t helps to establish a uniform thickness.
Second, it offers the Bon-Lastic Membrane sowme protection against cuts or tears caused
by construction traffic or the paving equipment. Third, it helps to establish a bond

between the polyurethane membrane and the bituminous concrete. Without such bond, there
2 5

-

would be a possibility that the pavement might "creep' over a period of time. After

reviewing the difficulties encountered in paving over Polytok Mewbrane 165, a poly-
urethane system which included roofing sheet (page 43}, the manufacturer agreed to try

the Bon-Lastic Membvane without the voofing sheet. To adjust for this change in the

system, the manufacturer requested that the application rate be changed from the orviginal

Lad

coverage of 45 square feet per gallon (36 mils) to a coverage of 42 to 3

e

1

0 mils). They also requested that the membrane be allow-
y

L

square feet per gallon {40 to
ed to cure for one week prioy to the pavement application rather than the noxmal pro-
cedure of allowing the pavement to be placed the same dav the system is completed.

A cleay 78% solvent, E. P. Urethane primer was applied on t
ers at the vate of 240 square feet per gallon. The purpose of the primer was
to seal pores and indentations in the surface of the concrete and thereby reduce the
number of pinholes or bubbles which might otherwise occur. The primer appearad to pene-
trate into the concrete leaving a varnished look on the surface. Most areas were dry to

the touch within one hour.

“G
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five gallon units of Bon-Lastic parts A and were thovoughly wixed and applied by
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Inspection of the treated avea after 1t had cured dis sed some surface bubbles

and pinholes, none of which appeared to be open to the concrete.
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Unsatisfactory weather conditions prevented the completion of the system
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plete deck and three feet onto each approach slab, the procedure used on all of the ex-

a uniform

perimental deck membranes. The only difficuley encountered was in

ire aves., Paint rollervs were again used to level the matex

and help eliminate thick areas. Application rates were checked for each ten

1

rween 36 squave feet per gallon {47 mils) and 54 square feet

gallon (25 mils) the light application occurring on the second coat along the

westerly curb. The average coverage for the entive coat was 42.4 square feet per gallen
which amounted to a dvy £ilm thickr

4

The second coat was placed along the easterly curb a day latev, as rvecomm

nded by

the manufacturer. to the application it was not that the polyurethane
ed at several locations adjacent to the curb where an excess of material had co

This was due in part to material which had been sqgueegeed on the granite curb flowing
i (o] <

back down on the decle again. Approximately five 1i of nembrane averaging one
&3 &
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square foot {(see table I

of 35

during the moruning applicatio
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inspec the cellular
were inter connected. Howe
absor g?‘ rates of
8 to 33 mil sample cut frowm the deck alsc vevealed
under close observation.
ane system revealed an avevage of 49 pinholes and 10 bubbles

, page 5 ). Avreas wwerage of 81
foot while areas treated after 12:00 P.M, had an average

greater increase in alr temperature just prior to and

n with the resulting escape of aly and or water vapor from

be the cause of the difference in the nuaber of pinholes and

5 were 1/16 inch in diameter or less. Concrete appeared

£ a few of the pinholes but spot checking with hydrocloric
ervescence of the concrete. When some of the larger bubbles

concrete could be seen, but once again checking with acid

d concrete, Electrical resistance readings taken on

membrane averaged 480,000 cohms per squave foot. This also indicates that the concrete
was protected even in areas with numerous pinholes and bubbles.

The overall appearance of the mewbrane upon completion was quite good. The poly-

urethane displayed a fivaness which gave the impression that it could withstand the com-
pressive load of the pavement and traffic while it also appeared to have sufficient
flexibility to bridge any cracks in the concrete. The material also exhibited good

bond to the epoxy mortar and granite curb, making what appeared to be a very effective
seal at this critical point.

The first oune inch course of bituminous pavement was placed with a vubber tire
paver ten days after the membrane system had been completed. At first, one edge of
the paver screed cut into the membrane. This was quickly remedied by adjusting the
screed and no further damage occurred to the membrane. Removal of the pavement for
spot checks did not disclose any harmiul effects caused by the 260°F bituminous mix.
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BON-LASTIC MEMBRANE
I 91 SB over State Aid Neo. 2
July 1972

=
-
.

Applying the polyurethane with a squeegee. Note asphalt Leveling the polyurethane with a paint roller.
droppings and prime coat on concrete.

Excesses of material, particularly along the curb, caused inspection of cured membrane revealed an average of 49
foaming which resulted in air cells in the membrane, pinholes and 10 bubbles per square foot, none of which
were completely open to the cencrete.




WORK PLAN #4 - CONTROL SECTION
TAR EMULSION AND GLASS FABRIC

PROJECT

Barton EMP I 91-3 (19}

CONTROL SECTION

T 91 northbound bridge over State Aid #2 at station 2171443 - 2172447,

0.4 miles north of the Vit Rte 16 interchange at Barton.

BRIDGE CONSTRUCTION DATA

Type of Structure - Simple span

Span Length - 100°

Overall Length - 102°

Curb to Curb Width - 39.33"

Skew - 7°

Horizontal Curvature - 29 . 45! Rt.
" Grade = + 2.8303%

Superelevation - 13/16"/ft

DECK CONSTRUCTION DATA

Date Poured - August 27, 1971
Weather Conditions = Cloudy 35% humidity light vain during P.M.
Temperature - 70°F

Deck Thickness - 8%

Concrete Cover Over Reinforcing Steel - 2V

Concrete ~ Class AA

Cement - Type I 6% bags per c.y.

Aggregate Size - 3/4" maximum

Aly Entraining Admixture - Darex 7 to 8 oz per c.y.
Retarding Admixture - None

Pour Sequence - South to north

Finishing Method - Capitol finishing machine on outside beams, skewed 7°




DECK CONSTRUCTION DATA -  cont'd

oy

Surface Texture - Broomed finish

Curing ~ Plastic cover plus sprinkler hose on high side of deck

Concrete Test Results:

Percent air - Low 54%% High 7% 6.4% average on 16 tests
Slump - Tow 2 3/4" High 47 3.3" average on 17 tests

Modulus of Rupture - 781 psi average @@ 28 days

DECK CONDITION

Surface Texture - Light broom f£inish

Crack

s - None detected

Steel Corrosion Readings - Initial readings taken on the deck averaged 0.07 wvolts,

indicating no active corrosion.

PROTECTIVE TREATMENT

Product ~ Tar emulsion and woven glass fabric.

The brand of tar emulsion used was PR55-CTP manufactured by the
Triram Corporation, 721 Waverly Street, Framingham, Massachusetts.
The glass fabric was manufactured by Burlington Glass Fabrics Co.

Test Results - Water content of the Tar Hmulsion averaged 52% by weight.

APPLICATION PROCEDURE

ey
(2)

(3)

(4
(5

Prime coat of tar emulsion applied on moist concrete and allowed to dry.
Coat of tar emulsion followed with the placement of a layer of glass fabric.

Coat of tar emulsion with a layer of glass fabric placed perpendicular to
the first layer of fabric.

Coat of tar emulsion which is allowed to dry.
Finish coat of tar emulsion.

The total coverage for the five coats of tar emulsion should be approximately
% gallon per square yard.

OB3ERVATIONS MADE DURING MEMBRANE APPLICATION

Cloud
Time Temp ; Cover
7/13/772 Air rtemperatures recorded in shade.
2:30 l 86° { 207, Finished cleaning deck with air blower and water. Began

prime coat application.

12




OBSERVATIONS MADE DURING MEMBRANE APPLICATION - cont'd

Cloud
Time Tewnp Cover
7/13/72 cont'd
3:30 85° 707 50 gallons of tar emulsion applied with Huber applicator.
Squeegees used along curbs and over copper foil strips.
7/14/772
11:00 30" 100% Began applying second coat of tar emulsion and glass fabric
along the curbs.
2:45 78? 100% Began placing transverse strips of glass fabric.
7:00 78 100% Began placing longitudinal styrips of glass fabrics.
4530 80° 1007 Second layer of glass fabric complete.
5:00 79 Began applying final coat with applicator.
Total of 208 gallons was applied on 472 s.y. of concrete
for an application rate of 0.44 gallons per s.y.
7/17/72
3:30 84" 207 A sixth coat consisting of 40 gallons of tar emulsion was
applied by squeegee. This was done voluntarily by the sub-
) contractor because some of theglass fabric was visible
Lo 15 82" 20% through the fifth coat of tar emulsion.

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE

Membrane Treatment - 472 sy @ $4.00/s.y. = 51,888.00

nituminous Concrete - Two - 1 inch thick courses
78 rons @ $7.00/ton = 4 546.00

foned
(o~




Inspection of the membrane system upon completion revealed a number of areas where

o

the glass fabric did not appear to be adequately covered with tar emulsion. For this

reason, a aixth coat of tar ewmulsion was applied. This resulted in an overall applica-

ons per square yvard.

losed that a number

I}

Inspection of the system on July 18, just

to paving, disc

&y
of areas along the curb were not adequately sealed. The membrane alsoc appearved to be
somewhat softer than normal although it was not tacky to the touch.

.)

Flectrical resistance readings taken on the membrane ranged

7,000 ohms with an average of 3,750 ohms per square foot. One set of moisture sensing

copper foil strips also was placed beneath the membrane to monitor any future penetra-

1

tion of moistuve through pavement and membrane system,
The first one inch course of bituminous pavement was placed with a rubber tived

-

naver approximately 26 hours after the sixth coat of tar emulsion had been applied.
I

Tar emulsion was pulled from the glass fabric at three locations when trucks braked
quickly on the membrane system.

An 18 inch square concrete test slab with 2 inch shoulders was tveated with

emulsion and two layevs of glass fabric at the same time the bridge was

0

treated, The sample was left on the bridge curb to cure on Friday, July 14, 1972,

When the sample was checked the following Monday, blisters were observed on the surface

of the mewbrane. The blisters were believed to have been caused by rain water which had
ponded on the test slab over the weekend. Similar blisters were not observed on the
free draining bridge deck membrane prior to placement of the bituminocus concrete weaving

surface.

Although the electrical resistance readings taken on the tar emulsion and glass
fabric system were very low, final resistance readings taken on the completed pavement
and membrane were over three million ohms. This indicates that the bitumincus pavement
is highly impermeable and can initially be expected to protect the concrete from moist-

uve and deicing chemicals,




TAR EMULSION & GLASS FABRIC
1 91 NB over State Aid No, 2
July 1972

Applying prime coat along curb areas, Note plastic-cloth Placing glass fabric in second coat and covering wi
covered copper foil strips. third coat of tar emulsion.

Placing longitudinal strips of glass fabric. Curb area not properly sealed.




WORK PLAN #5 « INTTIAL REPORT
DURALEOTE 304 EPOXY

PROJECT

Bavton EWMP T 91-3 (19)

PROJECT LOCATION
Tn the County of Orleans, Vermont, beginning at the point of intersection with

Vi Rte 16 southerly of Barton Village and extending novtherly approximately
5.417 miles.

WORK LOCATION

T 91 Southbound bridge over Town Highway #40 at station 2211461 - 2213497,
4.5 miles south of the US Rte 5 Interchange at Orleans.

CONTROL SECTION

T 91 Northbound bridge over Town Highway #40, see data on pages 24 to 27.

BRIDGE CONSTRUCTION DATA

Type of Structure - 3 span continuous WEF
Span Lengths - 65' - 100" - 60'

Overall Length - 233.64"

Curb to Curb Width -
Skew - 30°
Horizontal Curvature - 1~ 30" Lt.
Grade -  + 2.7536%

Superelevation - %"/ft

DECK CONSTRUCTION DATA

Date Poured - August 25, 1971

Weather Conditions - Failr

Temperature - 68YF

Deck Thickness - 89

Concrete Cover over Reinforcing Steel - 27 - 2% 2 5/32' average

ot

Concrete - (Class AA

-y
h




DECK CONSTRUCTION DATA - cont'd

Cement - Type T 6% bags per c.y.

Aiv Entraining Admixture - Darvex 7 ozfcy

ing Admixture - Plastimate

Pour Sequence - From both ends to the middle

Finishing Method - Capital finishing machine on beams, skewed 407
Surfa Texture - Broomed f£inish

Curing - Plastic cover ~ sprinkler hose along high side plus cross lines

Concrete Test Results:

Percent Alr - Low 6% High 7%% 6.8% average on 26 tests
$lump - Low Z.5" High 47 3.2" avevrage on 28 tests
&

Modulus of Rupture - 605 psi average at 15 days

DECK._CONDITION

Surface Texture - Light brooming visible on about 20% of the deck. Approach
slabs have a wmoderate to heavy broomed surface.

Gracks - Tweanty-three transverse cracks vanging from 2.6% to 14.5% in length were

noted in the deck. All cracks observed on the surface could also be de-

rected on the bottom of the deck. The severity of the transverse cracks

decreased noticeably as they approached the curb section. See crack

layout on Figuve I, Page 20.

Spalling - Numerous small cracks or popouts were noted on the surface of the
concrete. Removal of the cracked concrete revealed soft pieces of
aggregate which could easily be dug out with a jacknife.

Miscellaneous ~ Many small bits of wood were observed in the concrete surface on
the southerly end of the deck. Most appeared o be roots of A
digmeter or less which could be found at the rate of nearly one

iece per square foot.

Steel Corrosion Readings - Initial veadings taken on the deck averaged 0.15
volts, indicating no active corrvosion.

PROTECTIVE TREATMENT

Product - Duralkote 304 - Epoxy Coating
A solvent cut, two component, epoxy coating manufactured by Dural Tn-
ternational Corporation, 95 Brook Avenue, Deer Park, New York 11729,

Test Results - The material was certified to meet the Vermont Department of

17




PROTI

CTIVE TREATMENT « cont'd

5

Highways specification for Item 372-A, Epoxy Coating Compound
Laboratory tests conducted by the Materials Division showed
compliance with viscosity standards required by the Depart-

ment. However, the material did not pass the required flexibili-
ty test and did not meet color requirements.

RECOMMENDED APPLICATION PROCEDURE

DECK

Conerete surfaces should be sand blasted and/or acid etched. Combine one part
by volume of Base with one part by volume of Hardener and mix thoroughly. Allow
30 to 45 minutes aging prior to application. Pot life is 8 hours at 759 and a
3 to 5 mil application will dry in 3 to 4 hours at 75°F. The material may be
applied by brush, roller or spray.

PREPARATION PRIOR TO MEMBRANE APPLICATION

Hammers and chisels were used to remove concrete and epoxy grout droppings on
the deck. 01l spots were scrubbed down with liquid detergent. The deck was
then washed down with several hundred gallons of water from a tanker truck.
After the concrete had dried, a 12% muriatic acid solution was applied on the
concrete surface with water sprinkler cans. The deck was treated in three
sections to insure that all areas could be properly flushed before any of the
acid salts could dry on the concrete. After completion of the final section,
an additional 2000 gallons of water was applied with a high pressure hose. A
check of the wet concrete with litmus paper disclosed that all acids had been
removed.

OBSERVATIONS MADE DURING MEMBRANE APPLICATION

% %
Time Temp | Humidity jCloud Cover
7/10/72 Air temperatures rvecorded in shade.
9:15 | 60° 72 100 Began mixing 20 gal batch of Duralkote 304.

1000 63° 75 100 Applying epoxy with long handled paint rollevs on
northerly approach slab.

10:20 63° 30 100 Application stopped due to rain - 10 gals applied.

7/31/72
7:15 62° 68 50 Concrete surface still wet from showers previous
da '
§:20 66° 67 PC Began mixing 20 gal batch of epoxy.
9:30 68° 57 70 Concrete dry except for areas along curb. Two
sets of copper foll strips placed opposite wester-
ly curb.

10:15 72° 60 50 Began application on northerly end of deck. Skip-
ped area along curbs and expansion dam. Four men
applying material.

11:00 757 59 40 9 gale applied on 1180 s.f. for rate of 131 sf/gal.

o Many small pinholes noted in the first coat.
12:00 75 56 30 12 gals applied on 1760 s.f. for rate of 147 sf/gal.
1:00 76 51 30 Area fivst treated with material from second 20 gal.




OBSERVATIONS MADE DURING MEMBRANE A

PPLICATION - cont'd

% %

s | Humidity [Cloud Cover

d

Time

3
®

7/11/72 cont'd

8 L8 20
3:30 80" 42 20

7/12/172

- 4] -
8:30 10; 67 20
900 1 74 59 25
3]

1030 /0 50 25
11:30 82 L6 30
leh5 87 L2 0

OQQ

3:00 94 31 5
3¢5

o
4 GG 920 3 25
5:00 88 35 30

batch has cracks throughout the coating. The epoxy
had been vemixed for an additional two minutes when
lumps were initially observed in the material,
Cracks may be due to not allowing induction time
after remixing.

13 zals applied on 1960 s.f. fOY rate of 15
Pinholes detected in some axe

120 per sq. in. {1700 per s
First coat complete except an average of 1' along
curbs. 70 gallons applied on appy@ximately 8970 s. £,
for an overall application rate of 128 sf/gal.

Began mixing first ?G gal batch,

and fi L {0mp]pfp coat Aiomi wes >?1v curb. Mate=
rial applled previocus day is romnletc?y cured,
12 gals applied on 1480 s.f. 3 123 sf/
14 gals applﬁe& on 2330 s.f. for rate of 166 sf/
Coated 18" x 18" concrete test slab.

1129 in sun - light breeze.

Aoplied 2 gals of Duralbond 102 along expansion dam
in an attenmpt to seal crack between concrete and
botton of steel plate. Water had been detected
beneath the plate when an ailr blower unit was used
to help clean the deck.

Applying second coat along curb aresas.
70 gallons applied on approximately 9990
application rate of 142.7 sf/gal.
Oversll application vate for the 9427 s.f. treat-
ment area was 134.7 sf/gal/coat.

ol

.F. for an

COST OF PROTECTIVE MEMBRANE AND BITUMINCUS CONCRETE WEARING SURFACEH

Membrane Treatment - 150 gal

Bituminous Concrete - Two - 1
151

H

lons @ $40.00/gal = $6,000.00
Cost per s.y. = § 5.73

inch thick courses
tons @ §7.00/ton = $1,057.00
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SISCUSSTI0L

The preparation of the deck requirved more labor than other non-epoxy membrane
& o

avsteme. The work included acid etching the concrete surface £o remove laitance in
J &

accordance with the product manufacturer's specifications.

.

The only difficulty encountered during the application of the first coat of epoxy
¥ & I A

o~

was when lumps were detected in a 20 gallon batch of material as 1t was poured from the

mixing drvum into 5 gallon buckets. The material was then poured back ilonto the drum

and remixed for two additional minutes. The epoxy was applied on about 575 square

£

feet of deck shortly before lunch. Inspection of the area after lunch revealed that

the coating was lighter in color and it contained many small star like cracks and micyo-

h

ractures. When the application was continued, the coating appeared satisfactory. This

gave the impression that the earlier problem was due to not allowing the epoxy to age

-

for the required 30 to 45 minutes after it had been remixed.

Many small pinholes were noted in the first coat of epoxy soon after application
and also after curing was complete. The pinholes ranged from very few in number to
as many as 120 per square inch (1700 per square foot). Their size varied from an
average maximum size of 1/64 inch down to much smaller sizes. Although concrete appear-
ed to be visible at the bottom of many of the larger holes, testing with hydrocloric
acid did not produce effervescence. This may have been due to the surface tension of
the liquid not allowing it to pass through the relatively small holes. Although a few
air bubbles were initially visible in the first coat, none were found prior to the
application of the second coat.

Pinholes in the second coat numbered as many as 50 per squave inch. Their size
was somewhat smaller than the holes in the first coat. Air bubbles were also noted
in the second coat on a few areas where the application was heavy. The bubbles, which
ranged up to 5/8" diameter in size, all revealed one or more small pinholes in the
first coat when broken open for examination. The bubbles remained in the coating after
the epoxy had completed curing.
The overall application rate for the two coats was 67.4 square feet per gallon or

an average of 134.7 square feet per gallon per coat. This amounted to a dry film
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thickness of 14.7 mils.

Electrical resistance readings were taken on the epoxy membrane shortly before the
deck was paved. With one exception, the readings ranged between 3,200 and 160,000 ohms
with an average of 40,100 ohms per square foot. The exception was a reading of 500
ohms taken on a small area which had received only one coat of epory. The low veading
shows the value of a two coalt system over a single coat of epoxy. Resistance readings
taken on the untreated concrete averages 350 ohms per square foot which was nearly as
high as the reading taken on the single coat of epoxy.

Moisture sensing copper foil strips placed beneath the epoxy membrane systems were
dislodged from the concrete surface during the paving operation and can not be used to
evaluate the sealing property of the epoxy system.

The first one inch course of bituminous mix was applied with a rubber tived paver.
No difficulties were encountered during the paving operation and no known damage occur-
red to the membrane except where the copper foil strips were located. Soundings taken
on the first course of pavement with a steel rod indicated that there were no hollow
areas between the membrane and the bituminous pavement.

A strip approximately one foot wide was left unpaved along the westerly curb on
the low side of the deck. TInspection of this area on November 7, 1972 revealed a
number of areas where the epoxy coating had begun to peel from the concrete. However,
the coating was sitill effectively sealing the fine transverse cracks in the deck
adjacent to the curb. Electrical resistance readings taken the same day on the mem-
brane and completed pavement ranged between a low of 49,000 and a high of 700,000 with
an average of 223,600 ohms per square foot. The readings were basically the resistance
value of the bituminous pavement since the average resistance of the epoxy system was

only 40,100 ohms per square foot.




DURALKOTE 304 EPOXY
191 SB over Town Highway Neo. 40

July 1972
Twenty-two cracks were noted in the deck. The cracks Surface laitance was removed by acid etching.
ranged from 2.5 feet o 13 feet in length and extended
through the full depth of the deck.
Applying the first coat over the moisture sensing copper One of several areas which had air bubbles in the second

coat. Very small pinholes numbering up to 70 per square
inch were also detected in many areas.

foil strips.




WORK PLAN #5 = COWNTROL SECTION
TAR EMULSION AND GLASS FABRIC

CONTROL SECTION

Horthbound bridge over Town Highway #40 at station 2210441 - 2212476
the Vi Rte 16 Intevrchange at Barton.

1 of

R,

1.1 miles nort

BRIDCE CONSTRUCTION DATA

I 3

Type of Structure = 3 span continuocus WF.

Span Lengths - 80' - 85" - 657
Overall Length - 237.49°

Curb to Curb Width -~ 43.34°
. Py

Skew - 35

Horizontal Curvature - 19 30" Lt.

Grade - + 2.76%

Superelevation - %'"/ft

DRECK CONSTRUCTION DATA

Date Poured - August 10, 1971

Weather Conditions - Overcast, 35% humidity
ey oy T O—‘\ wr L i, orO«w
Temperature - Low 70°F High 85°F

Deck Thickness =

Steel - 2'" - 2 3/8" 250

3

Concyrete Cover average

Concrete - (Class AA

o
N

Cenent - Type bags per c.y.

Aggrepate Size - 3/4" maximum

2

Aly Entrvaining Admnixture - Darex 6% - 7 oz per c.

S

Retarding Admixture - Davatard HC

Pour Sequence - Placement from both ends to the middle with full depth at the
i

~

e
southerly end and the final 2" of concrete placed on the northerly
end last.

| < 5 T P . . . = ) . L 15
Finishing Method - Bidwell finishing machine, skewed 50

20




Curing -~ Plastic cover, gprinkler hose along high side plus cross lines

C Test Results:
Pevcent Air Low ; His JETA 6.0% average on 27 tests
Slump ~ Low 2% High 4" 3.3% average on 26 tests
Modulus of Rupture - : si at 28 days

NNy
DECE

Surface Texture - 25% of the deck had modevate brooming with the remainder ligh

S
ly broowed. The surface was vougher than normal along the west-
erly curb and there were numerocus holes in the concrete caused
by movement of

w

coarse aggregate during the finishing opevation.

Cracls - 5ix transverse cracks ranging from 2.2° to 6.2 in length were noted
adjacent to the westerly curb on the low side of the deck. There were
also many short independent and connected cracks scattered throughout
the deck. Most of the cracks which average 187 in length were at a
459 angle to centerline and ran towards the low southwesterly end of

the declk.

Miscellaneous - The epoxy mortar beneath the granite curb did not appear to be
sealing out moisture. The material absorbed water and was very
slow in drying out.

Steel Corvosion Readings - Initial veadings taken on the deck averaged 0.10 volts,

indicating no active corrosion,

TMENT

P
e

PROTECTIVE TRE

Product - Tar emulsion and woven galss fabric
The brand of tar emulsion used was PR55-CTP manufactured by the
Triram Corporation, 721 Waverly Street, Framingham, Massachusetts.
The glass fabric was manufactured by Burlington Glass Fabrics Co.

et
5]

Test Results - Water content of the Tar Emu on averaged 52% by weight,

APPLICATION PROCEDURE

{1} Prime coat of tar emulsion applied on woist concrete and allowed to dry.

(23  Coat of rer emulsion followed with the placement of a layer of glass fabric.

(3} Coat of tar emulsion with a layer of glass fabric placed perpendiculaxr
to the fivst layer of fabric.

(4y Coat of tar emulsion which is allowed to dry.

(5) Finish coat of tar emulsion.
The total covervage for the five coats of tar emulsion should be approxi-~
mately % gallon per square yard.

)
L




OBSERVATIONS MADE DURING MEMBRANE APPLICATION
%
Cloud
Time Tenp Cover
7127172 Light breeze. Humidity 40-65%. Aly temperatures vecorded in shade.
830 66° 80 Cleaning deck with brooms, aiv blower and water.
10:00 719 80 peck washed clean for the second time.
10015 71° 30 Prime coat applied with a Huber applicator on a wet concrete surface.
91 pgallons on 1000 s.y. for an application rate of 0.09 gallons per
5. V. 10" long copper foll strips were placed on the concrete 3'
from the westerly curb at a point approximately 160' south of the
finger plate expansion dam and 5' strips were placed 12' from the
westerly curb at a point approximately 220" south of the expansion
dam.
11:30 71° 100 Began ralning lightly.
11:45 ?0? 160 Heavy rains are beginning to wash off the tar emulsion.
12:00 68° 100 Rain stopped. Approximately 30% of the deck has no tar emulsion
while the value of the remaining material is negligible due to the
thin coating.
7728772 Humidity 39-65%.
9:30 68° 100 Began rveapplying first coat.
3:45 69° 100 96 gallons applied with applicator.
1:30 75° 65 Began applying tar emulsion and glass cloth along curbs.
3:30 72° 60 First layer of glass cloth complete on 1/3 of the deck.
5:45 68° 30 First layer of cloth complete.
7729772 Humidity 30«50%.
8:30 63° 40 Began applying longitudinal strips of glass cloth.
12:00 76° 40 Second coat of glass cloth complete, 421 gallons of tar emulsion
applied in the first 4 coats.

1:30 78° 40 Finish coat of 52 gallons applied with Huber applicator.
A total of 473 gallons was applied on 1055 s.y. of concrete for an
application rate of 0.45 gal per s.vy.

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE

Membrane Treatment - 1055 s.v., @ $4.00/s.y. = $4,220.00
Bituminous Concrete - Two - 1 inch thick courses

148 rons @ $7.00/ton = $1,036.00
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Inspection of the tar emulsion and glass fabric system upon completion revealed
a number of areas along the curbs which did not appear to be completely waterproof.
The condition was due to the rough configuration of the epoxy movtar and the granite
curb combined with the difficulty in getting the right amount of tar emulsion on the
vertical face. The field observations gave the impression that it would be unreal-
istic to expect the system to protect the conerete deck adjacent to the face of the
curb., The horizontal surface area of the deck appeared to be satisfactory with the
finish coat of tar emulsion completely covering the second layer of glass fabric
even though the total application rate for the five coats was 0.45 rather than the
recommended half gallon per square yard.

Electrical resistance readings taken on the membrane ranged between 2,900 and
4,200 ohms with an average of 3,600 ohms per square foot. Moisture sensing copper
foil strips were alsc successfully placed beneath the membrane to monitor any future
penetration of moisture through the pavement and membrane system.

The first one inch course of bituminous pavement was applied without difficulry
using a rubber tired paver. Soundings taken with a steel rod did not indicate any
hollow or unbonded areas between the pavement and membrane.

Electrical resistance readings taken on the completed pavement and membrane system
ranged between 250,000 and 11 million ohms with an average of 3.36 million ohms. Such
readings indicate that the pavement-membrane system can initially be eupected to protect

the concrete from moisture and deicing chemicals.
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PROJECT

Bavton-Derby EMP

PROJECT LOCATION

WORK

in the County of
southerly of the

LOCATION

CONTROL SECTION

Orli

WORK PLAN #6 - INLTIAL REPORT

UNTROVAL MEMBRANE

T 91 southbound bridge over US Rte 5 at station 2449438.50 - 2451438

eans, Vevymont, beginning at a point approximately O
sarvton-lrashburg Town Line and extending northerly 8.53

6?2 wmiles
0

3 miles.

.50 in Orleans.

T 91 northbound bridge ovexr US Rte 5 See data on pages 39 to 42.

BRIDGE CONSTRUCTIGN DATA

DECK

1

Type of Structure - Three span continuous (welded plate girder) with

end spans.

Span Lengths - 34' - 132" - 34'

Overall Length ~ 2007

Curb to Curb Widrh - 42.6°

Skew -~ None

Horizontal Curvature - 09 45°

Grade - - 4.42339

Superelevation - 3/8" /ft

CONSTRUCTION DATA

Deck Thickness -
Concrete -~ (Class

Cement = Type 1

Aggregate S5ize -

Pour Sequence

. E
. | | .
3 7 } 5 6 4 ;
H 1 i
H { i
i s * I
Sections 3 and 4 were poured on Apvril 20, 1971.
Section 5 was poured on April 26, 1971.
Sections 6 and 7 were poured on April 28, 1971.
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. CONSTRUCTION DATA cont'd

Finishing Method - Bidwell fini

Surface Texture - Broomed finis

Date Poured -~ April 20, 1971 (

Weather Conditions Clear

. %; .
Temperature - Low 50F High

Concrete Cover over Reinforcing

Alr Entraining Admixture - Dare

Retarding Admixture - None

Concrete Test Results:

Percent Air - Low 5%%
Slump - Low 24Y q

Modulus of Rupture =

Date Poured - April 26, 1971
Weather Conditions - Cloudy
Temperature - Low 38 High

Concrete Cover over Reinforcing

Air Entraining Admixture - Darex

letarding Admixture - None

Conerete Test Results:

Percent Air - Low LA
Slump ~ Low 2V Hig

Modulus of Rupture - 8

Date Poured - April 28, 1971

Weather Conditions - Clear

o .
Temperature - Low 40°F Hig

Concrete Cover over Reinforcing
Darex

Alr Entraining Admixture =

Retarding Admixture - 3 oz per
g I

shing machine on fascia panel

et
-

ethelene sheeting and hay for 10 days

Sections 3 and 4)

L

30% humidity -~ 10 wmph breeze

60°F

Steel - 1 3/4-2%Y 2" average

x 8% oz

per c.y.

High 7% 6%% average on 8 tests

Iu
72

igh 3 1/8" average on 8 tests

786 psi average at 28 days

(Section 5)
30% humidity
no breeze

2,5

Steel - 1 3/4% « 2%M 2" average

8% oz per c.y.

High 7% 6%% average on 4 tests
h o 4" 3" average on 4 tests

91 psi average at 238 days

(Sections 6 and 7}

30% humidity 10~15 mph breeze

)
h 60°F
Steel ~ 1 3/4 - 34" 2% average on 3 tests
8% oz per c.y.

bag maximum
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DECK CONSTRUCTION DATA - eont'd

Concrete Test Results:

Percent Alr - Low 6% High 7% 7% average on 11 tests
Slump -~ Low 1 3/4% High 34" 25 avervage on 3 rtests

Modulus of Bupture - 776 psi average at 28 days

DECK CONDITION

Surface Texture - Sections 3 and 4 -  smooth
Sections 5, 6 and 7 - moderate to rough broom finish

Cracks - Right transverse cracks were noted in the end sections. Seven of the
cracks vanged from 0.8' to 5' in length and one was 36' long. Four of
the shorter cracks observed on the surface could also be detected on the
bottom of the deck. No cracks were observed in the easterly curb while
nine were detected in the westerly curb section.

.

Miscellaneous ~ Construction of the deck in five sections vesulted in a rough
riding surface.

Steel Corrosion Readings - Initial readings taken on the deck averaged 0.11 volts,
indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Univoyal Liquid Membrane Waterproofing System.
A hot-applied rubberized asphalt compound (Liquid Membrane 6125), a
surface conditioner and rubber sheets (Elastosheet T.M.) used to reinforce
the flexible membrane along the curbs and at all joints.

Test Results - None. The material and its application were as recommended by the
r

manufacturer.

RECOMMENDED APPLICATION PROCEDURE

A surface conditioner is applied on the concrete at a rate of 300 to 600 square
feet/gal. Fifty pound cakes of the waterproofing membrane are melted in a

double walled kettle until the material can be drawn free flowing at a tempera=-
ture not exceeding 425°F. The material is applied evenly with a squeegee at

the rate of one pound per square foot for an average thickness of 3/16".

Rubber sheets (Elastosheet T.M.} are rolled down into the hot membrane along

the curbs and over roadway joints. A second coat of the membrane is then applied
over the rubber sheet. After cooling, the membrane is dusted with Portland
cement at a rate of approximately 1,000 square feet pev sack to prevent tracking.




A
Time ['remp [}ﬁuuigiiai
6/5/72
10:45
1e1s | 72° 32
2:00 | 70° 30
3:30 | 74° | 30
4:00 | 74° 1 30
5:00 ¢ 73° 33
6:00 | 72°1 34
7:00 712 34
8:00 | 63 48
9:00 ¢ 63° 54
9:45 ¢ 54° 61
- 6/6/12
9:00 | 64° 65
11:45 ] 68° 59
1:00 | 72° 55
3:00 | 72° 50

CO5T OF PROTECTIVE MEMBRANE AND

OBRSERVATIONS MADE DURING MEMBRANE APPLICATION

Liguid
Membrane

Temp

395°

405°

430°

o
Lirh

400 °
400G
400°
405°

390°
395°¢

230°
4959

430°

4509

Air temperatures recorded in shade. Clear 3-8 mph wind.
Deck washed and blown clean for a second time.

Unireyal representative gave OK to begin applying primer
along the easterly curb with a hand sprayer. Primer cone
sisted of Uniroyal RC 70 cut back with gasoline and
applied at the rate of 2900 s.f. per gallon (3 gallons
used) as recommended by the Uniroyal representative.
Began applying liquid membrane and Elastosheet along
easterly curb. The Elastosheet used was made of nytrile
and neoprene rubber which had a lower durometer and
greater flexibility than material used in the past.
Elastosheet was removed from the westerly curb when a
lack of adhesion was detected. Actual bond to the liquid
membrane did not exceed 5 to 10% with most occurring at
the joint vhere extra pressure was applied with a rolling
tool.

1832 s.f. treated with 1640 1bs for an application rate
of 0.895 1bs per s.f.

Air bubbles can be seen in the liquid membrane at the
rate of approximately ten per square foot. When bubbles
were broken open, visible areas of concrete were noted

in all cases.

2620 s.f, treated application rate light averaging 0.65
1bs per s.f.

0il bath 630° Two areas given a heavy primer application
did not appear to have a reduction in the number of air
bubbles in the liquid membrane.

4800 s.f. treated. Sundown at 7:50,

Fewer ailr bubbles appearing in the liquid membrane.

7875 s.f. treated with 900 s.f. remaining to be done.
Application complete.

Began reheating liquid membrane in kettle.

Applying second coat along westerly curb where Elasto-
sheet had been removed.

Touching up holidays in the membrane and where the first
coat appears thin. Dusting membrane with cement as it
was made acceptable.

Application complete. 7316 pounds of Uniroyal Liquid
Membrane applied on 8793 square feet of deck for an ap-
plication rate of 0.83 lbs per s.f.

BITUMINOUS CONCRETE WEARING SURFACE

Membrane Treatment - 977

Bituminous Concrete - Two

s.y. at $8.00/s.y. = $7,.816.00

= 1 inch thick courses

153 tons at $7.00 per ton = 51,071.00
Removal of first 1 inch thick course = §230.00
Replacement of first 1 inch thick course
53 tons at §7.00 per ton = $371.00
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DISCUSSION

The primer application began approximately three hours after the deck had been washed
clean. Tt consisted of an RC 70 asphalt cutback with gasoline so that it could be applied
with a portable hand sprayer. The overall application rate was 2900 square feet per gal-
lon. This satisfied the Uniroyal representative on the project who had recommended the
light application rate rather than the formerly prescribed 300 to 600 squave feet per gal-
lon.

The squeegee application of hot rubberized asphalt began along the easterly curb.
Strips of Elastosheet approximately eight inches wide were placed in the membrane so that
they extended up onto the curb approximately two inches. Extra care was taken to insure
that the rubber sheeting was firmly pressed into the hot membrane since past experience
had shown that water which had entered the system had been able to flow freely under the
Elastosheet along the joint between the curb and deck.

Soon after the FElastosheet had been placed along the westerly curb it was found that
very little bond existed between the sheeting and the rubberized asphalt. Removal of the
sheetrs disclosed that the total bonded area did not exceed five to ten percent. The lack
of bond was believed due to a talcum like powder which had been placed on the Elastosheet
to prevent the smooth surfaced, 37 mil thick, nytrile-neoprene rubber sheet from sticking
together when packaged in 100 lineal foot rolls. The talcum dusted Elastosheet placed
along the easterly curb exhibited satisfactory bond to the rubberized asphalt and conse-
quently was not removed. The only notable difference between the applications made along
the two curbs was that the easterly curb had been exposed to sunlight before and during
the application while the westerly curb had not. The Elastosheet placed over the con-
struction and deflection joints in the deck consisted of a different grade of material
which had been left over from a project completed the previous year. The 50 mil thick
textured sheeting bonded satisfactorily at all locations.

Air bubbles were noted in the liquid membrane shortly after application. They aver-
aged about ten per square foot during the afterncon's application and decreased slightly

in number during the application made in the evening. ALl bubbles revealed visible areas




of concrete when broken open., The bubbles were believed to be caused by the expansion of
air in the concrete brought about by the 400°to 4509F temperature of the liquid rubberized
asphalt. Two areas given a heavy primer application did not appear to have any reduction
in the number of air bubbles,.

Approximately 7000 pounds of rubberized asphalt was applied initially on 8793 square

feet of concrete. The following day a second application was made along the westerly curb

where the Blastosheet had been removed. Additional material was also applied over areas

=

where the coating appeared light and over numerous holidays in the membrane. A total o
7316 pounds of rubberized asphalt was applied on 8793 squave feet of concrete [foy an over-
all application rate of 0.832 pounds per square foot,

The first one inch course of bituminous pavement was placed on June 16, 1972, ten
days after the membrane system had been completed. A prior inspection revealed three
areas where water had gotten behind the Elastosheet along the easterly curb. The areas
affected were from two to twelve inches in length. All three unbonded areas were cut
open to release the trapped water and prevent further damage.

The rubber tired paver was able to move over the cement dusted membrane without
causing any damage. The only disvuption occurred when a truck loaded with bituminous
mix glid while parked on the joint between the approach slab and the southerly end of the
deck causing the Elastosheet to be displaced. The use of an eight to ten ton breakdown
roller for initial compaction was not feasible due to the fluid condition of the membrane
caused by the 260%F to 274°F bituminous mix. A one ton sidewalk roller was used to obtain

the initial compaction and the heavy roller was used several hours later when the mix

o . .
temperature was below 100 F. It may be assumed that less than the desired percent compac-

~{on was obtained.

Inspection of the bridge several weeks later disclosed that the pavement had begun to
creep down the 4.4 percent grade of the deck. The movement, caused by a heavy volume of
construction traffic, was detected by observing the sawed bituminous joints between the
approach slabs and the deck. As periodic inspections were made, the conditions became
worse. The down hill movement of the pavement approached 18 inches in the heavily travel-

ed areas before the sawed joints became indistinguishable. Additional distress over the




joints included rutting, bleeding of the rubberized asphalt and exposure of sections
of the Elastosheet,

The problems over the joints and a slight washboard effect in the pavement at
several other locations resulted in a decision to remove the pavemeni. The work was
accomplished with a grader on September 1, 1972, The removal did not include a strip
approzimately two feet wide along the westerly curb on the low side of the deck.
Damage to the membrane occurred over five to ten percent of the deck at locations
where the rubberized asphalt stuck to the bituminous pavement rather than the con-
crete deck. The bond between the remaining membrane and the deck varied at different
locations. 1In some areas it was possible to hand strip the material from the con-
crete while at other locations the bond was too great to remove in that manner.

Air bubbles were also observed in the rubberized asphalt at several locations
after the pavement had been removed. This disproved the theory that the bubbles in
the liquid membrane will be eliminated when the bituminous pavement is placed.

Electrical resistance readings taken on the Uniroyal membrane averaged 51,600
ohms per square foot. Readings taken on the completed pavement and membrane ranged
between five million and infinity even though the membrane had been damaged at many
locations and was not repaired before the first course of pavement was replaced. The
high readings could probably be attributed to the sealing property of the pavement

rather than the protective membrane.
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UNIROYAL LIQUID MEMBRANE SYSTEM
{ 91 SB over US Rie. 5

June 1972
Distress adjacent to northerly approach slab includes Distress over construction joint where Elastosheet had been
movement of pavement and membrane which caused a placed.
bump and bleeding of the liquid membrane up through
the pavement.
Movement of pavement over joint at southerly approach Removal of the distoried pavement with a grader resulted
slab. in exposed areas of concrete where the Uniroyal stuck to
the bituminous mix rather than the concrete deck.
i » i:”




UNIROYAL LIQUID MEMBRANE SYSTEM
191 SB over US Rie. 5
June 1972

One of several areas where air bubbles could still be
found in the membrane after the pavement had been

removed.

The bond between the remaining Uniroyal and the con-
crete allowed the membrane to be hand stripped from the
deck at some locations.

3o




UNIROYAL LIQUID MEMBRANE SYSTEM
191 SB over US Rte. 5

June 1972
Applying second coat of liquid membrane along the curbs Largest of 3 areas along the westerly curb where water
and over areas with holidays in the coating. Nofe cement was able to get behind the Elastosheet before the pave-
dust application. ment was placed.
Movement of Elastosheet over southerly.deflection joint Movement of 1" thick pavement and membrane several
caused by a truck transporting the bituminous mix. ~ weeks after application as indicated by keil mark on

sawed pavement joint.




UNIROYAL LIQUID MEMBRANE SYSTEM
191 SB over US Rie. 5
June 1972

Forcing the Elastosheet into the liquid membrane at the

Applying liquid membrane and Elastosheet over deflection
joint between deck and curb.

joint, Note primer application.

Bubbles noted in liquid membrane shortly after applica-

Very little bond detected between the talcum dusted
tion. All revealed concrete when broken open.

Elastosheet and liquid membrane along westerly curb.
Sheeting was removed.
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WORK PLAN #6 - CONTROL SECTION
TAR EMULSION AND GLASS FABRIC

Tr
vl
o

o,
=

)

3

Barton-Derby EMP T 91-3 (207
J X

CONTROL SECTION

I 91 northbound bridge over US Rte 5 at station 2447481 - 2449481 in Orleans

BRIDCE CONSTRUCTION DATA

Type of Structure - Three span continuous (welded plate girdex) with canti-
levered end spans.
Span Lengths - C T/ N B b A Y/

Overall Length - 200°

Curb to Curb Width - 42.6°
Skew - None
Horizontal Curvature - Tangent

Grade - -3.99453%

Superelevation - rffe

DECK CONSTRUCTION DATA

Date Poured - June 9, 1971

Weathey Conditions - Sunny and clear
Tempevature - Unknown

Deck Thickness - g

Concrete Cover Over Reinforcing Steel - A

Concrete - Class AA

Cement - Type I 6% bags per c.y.

Aggregate Size - 3/4" maximum

Air Entraining Admixture - Darex 1 -« 7 oz per c.y.

Retarding Admixture - Daratard 6 - 18 oz per ¢.y.

Pour Sequence - Simultaneocusly from both ends with the north end poured to

finish grade. South end poured only to the top mat of re-
inforcing steel and then finished when north end completed.
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DECK CONSTRUCTION DATA - cont'd

Finishing Methed - Bidwell on fascia panel
Surface Texture = Broomed finish

)
Curing “ Polyethelene sheeting

Concrete Test Results:

Percent ALrv . Low 4% High 8% 6% average oun 33 tests
Slump - Low 14" High Sk" St average on 33 tests
Modulus of Rupture - 797 psi average at 28 days
DECIK CONDITION
Surface Texture - The broom finished concrete varied from smooth to very
rough over diffevent sections of the deck,
Cracks - Relatively few cracks werve detected.
Miscellaneous - An avea of concrete damaged when a vubber tire was burned

on the deck was patched with an epoxy mortar compound.
The epoxy morvtar beneath the granite curb did not appear
to be sealing out moisture. The material absorbed water
andwas very slow in drying out.

Steel Corrosion Readings - Initial readings taken on the deck averaged
0.11 wvolts, indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Tar emulsion and woven glass fabric
The brand of tar emulsicn used wag PR55-CTP manufactured by the
Triram Corporation, 721 Waverly Street, Framingham, Massachuselts.

The glass fabric was manufactured by Bur11v"t0n Glass Fabrics Co.

Test Results - Water content of the Tar Emulsion averaged 52% by weight.

APPLICATION PROCEDURE

{1}y Prime coat of tar emulsion applied on moist concrefe and allowed to dry.
(2) Coat of tar emulsion followed with the placement of a layer of glass fabric.

{3y Coat of tar emulsion with a layer of glass fabric placed perpendicular
to the first layer of fabric.

(4 Coat of tar emulsion which is allowed to dry.

{5} Finish coat of tar emulsion
The total covera for the five coats of tar emulsion should be approximately

ge
% gallon per square yard.
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MADE DURING MEMBRANE
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OF PROTEC

shade
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appli
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ng air %?Qva“;

emulision ed

surface.

Jsah mechanical

£

applice

3=5 mph breeze

Began applying glass fabric along curb areas.

Applying glass fabric perpendicular to centerlin

Operation stopped with 2360 s.f. covered.

10«15 mph breeze

Continuing application of transverse strips of glass fabric.
FiV@t layer of glass fabric complete. Coat of tar emulsion
placed over it v the fabric in many

areas. May be due to roughness of

application i1s OK.
Finished application of

rate

longitudinal

did not completely cover
£

concrete

surface since

strips.

Final coat of tar emulsion applied with mechanical applicator.

the
per

overall application rate for the d
square yard.

TIVE MEMBRANE AND BITUMINOUS CONCRETE W

eck

EAR

was 0.546 gallons

RING SURFACE

Membrane

Bituminous

Treatment - 984 s.y. @ $4.00/s.y.

Cone Two 1 inch

72 tons @ $7.00/ton

rete =

thick courses

Lo
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i

,936.00
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Tnapection of the complet svstem vevealed a number of areas wherve the
IS P

glass fabric did not appear to have a sufficlent coating of tar emulsion over it.

These areas were due to a rough or uneven concrete surface that vequired a heavier

¢

application of tar emulsion than the one-half gallon per squave yard normally re=

quired, The overall application rate for the deck was 0.54 gallons per square yard.

Aveas along the curbs appeared to be adequately sealed at most locations.

bituminous pavement was applied with a rubber tived

i

The fivst one inch course of I

paver the day after the system was completed, WNo difficulties were encountered.

On August 15, 1972 approximately two and one-half months after the first course
of pavement had been placed, inspection of the deck revealed air bubbles beneath the
pavement, It was assumed that the air was trapped between the pavement and the mem-

brane rather than between the membrane and the concrete., The bubbles ranged up to

two feet in diameter and succeeded in 1ifting the pavement up to one=half inch off

the bridge deck. The application of weight to the bubbles resulted in lateral move-
ment of the trapped air. Removal of the larger air bubbles was accomplished by

puncturing the pavement with a knife. The remaining trapped air apparently escaped

via the holes since subsequent inspections showed no bubbles or lifting of the pave-
ment., Soundings taken with a steel vod indicated that 10 to 15 percent of the pave-

yrane and/or deck.  The lack of

ment was not bonded to the memt bond may have been due
to the fact that the tar emulsion system was wet from a rain shower which had occurred

first course of bituminous pavement was placed.

VY 1

resistance readings of from 1,000 to 8,000 ohms were obtained on the

membrane system the day it was completed. Readings taken on the completed pavement

and membrane weve in the order of a billlon ohms. Such veadings could probably be

to the sealing property of the bituminous pavement

emulaion and

; .
lass fabric svysrem,
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VORK PLAN #7 - INITIAL REPORT
POLYTOK MEMBRANE 165

PROJECT

Rarton-Derby EMP T 91-3 (20}

PROJECT LOCATIL

In the County of Orleans, Vermont, beginning at a point approximately 0.462 miles
southerly of the Bavton-Irasburg Town Line and extending northerly approximately
8.539 miles.

WORK LOCATION

I 91 southbound bridge over State Ald Highway #3, Canadian Pacific Railroad and
o &

Barton River at station 2171453 - 2172453, 1.6 wmiles north of the US Rte 5 inter-

change at Orleans.

CONTROL SECTION

o~

I 91 northbound bridge over State Aid Highway #3, Canadian Pacific Railroad and
Barton River, see data on pages 53 to 61,

BRIDGE CONSTRUCTION DATA

Type of Structure - 1 simple span (composite)} and 3 span continuous {(welded plate

girder - composite})
Span Lengths - 75% - 113" - 1417 - 1137
Overall Length - 4427
Curb to Curb Wideh - 39.33°
Skew - 47° 30' 1t
Horizontal Curvature - None
Grade - =2.647

Superelevation - %"/ft.

DECK CONSTRUCTION DATA

Deck Thickness ~ 8"

Concrete - Class AA

Cement - Type I 6% bags per c.y.

Aggregate Size - 3/4" maximum

Finishing Method - Capital finishing machine on outside beams skewed 479 30' left

Curing - Polyethelene sheeting with water spray on curb sections
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DECK CONSTRUCTION DATA =~ cont'd

fexture = Broomed finigh

Surface

Weather Conditions - Summy 20% humidity
Temperature - Low 45°F  High 709F
Concrete Cover Over Reinforcing Steel - 1 3/4% - 2 3/4%", 2" average on 11 rests

"

Air Entraining Adwixture - Davex 6% oz/c.y.
Retarding Admixture - None
Pour Sequence -~ North to south

Concrete Test Results:

Percent Air - Low 6%% High 7%% 749, average on 13 tests
Slump - Low 3%" High 4" 4% average on 13 tests

Modulus of Rupture - 678 psi average at 28 days

SECTION IT {3 span continuous)

Date Poured - June 1, 1971

Weather Conditions - Sunny 207 humidity

Temperature - Low &5%F High 809

Conerete Cover Over Reinforcing Steel - 1 3/4" - 24" 2V average on 29 tests
Air Entraining Admixture - Darex 6-7o0z/c.y.

Retarding Admixture -~ Daratavd H, C.

Pour Sequence - Placement from both ends to the middle with full depth at the north
end and the final 2" placed and finished on the southerly end last.

Ceoncrete Test Results:

Percent Air - Low 5%% High 7%% 6 3/47 average on 54 tests
Slump - Low 2%" High 4" 3 3/4' average on 54 tests

Modulus of Rupture - 821 psi average at 28 days

DECK CONDITION

Surface Texture - The broom finished concrete varied from moderate to rough over
different arecas of the deck.

hey




DECK

CONDITION -~ cont'd

Cracks - Approximately 30 transverse cracks were noted with all

and bottom of the deck. They varied in length from two
of the deck. See crack layout sheet on Figure 2 Page 48,
Taitance - Aveas of laitance were removed by sand blasting.
o
Miscellaneous = The epoxy mortar beneath the granite curb had sagged for almost the
E & BE&
entire length of the westerly curb and at many locations along the
easterly curh. The amount of sag made it possible to insert a
four inch wide spatula beneath the granite curb at many locations.
i 7y

&
e

Steel Corrosioy

—

Readings - Initial readings taken on the deck averaged 0.09 volts
indicating no active corvosion,

PROTECTIVE TREATMENT

Product - Polytok Membrane 165. A two part modified polyurethane elastomer
manufactured by the Carboline Company, 328 Hanley Industrial Court,
St. Louis, Missouri 063144,

Test Results - The pelyurethane elastomer displayed excellent bond when placed on
concrete samples in the laboratory. The material vemained flexible
at sub zero temperatures and did not appear to be damaged when bitu-
minous mixes were applied at temperatures up to 300%F. The material
did not leak or show other signs of failure when placed on a two
foot square concrete slab constructed with a three inch high curbing,
The test period included freeze thaw cycles and over 30 days of sub
freezing temperatures which ranged down to =15°F. The only bad
feature noted was that pinholes often developed in the membrane coat-

£

ing shortly after application.

o

RECOMMENDED APPLICATION PROCEDURE

DECK

Remove all dirt and other contaminants from the concrete surface. Mix 3 pavts by
volume of component A with 1 part by volume of component B. Apply sufficient
material to obtain a 40 mil dyy f£ilm thickness using airless spray or squeegee.
After 20 minutes drying time at 709F, roll 50 pound asphalt impregnated roofing
sheet over the Polytok Membrane 165 film. Asphalt sheets should be butted at the
ends and laid parallel to one another with no wmore than % inch distance between

-

sheets. Allow S hours cure at 70°F before placing the bituminous concrete wear-
ing surface with standard spreading equipment.

PREPARATION PRIOR TO MEMBRANE APPLICATION

Surface materials were washed off the deck with high pressure water. Rough areas
a2long the curb plus oil spots and other contaminants were removed by sand blasting.
The two man operation took eight hours and consumed 1000 pounds of sand blast sand

ot

with much of it gathered and re-used s second time.
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ORSERVATIONS MADE DURING MEMBRANE APPLICATION

Temp Humidity
6/12/772 Temperature recorded in shade. 10% cloud cover. 3-6 mph breeze.

8145 pegan sandblasting vough ax: on the deck - mainly along both
curbs.

11l:45 65° Lty Finished sandblasting at 6:30 P.M, 1000 1bs of sand used with
gome of the sand re-used.

Cloudy. Began miwing the two cowponent polyurethane
solvent (50%-50%) prior toe applying the material as ¢

xylol

L
oa

L2
e}
[
£~

<

~
<

5:45 64° 41 Began applying primer on southerly simple span. COV31'~P comp?@rc
at 6:20.

6:30 63° 4.3 Five man north of finger plate expansion
dam.

7:30 62° 48 Primed areas dvy to the touch in one hour. Swmooth areas of con-
crete had an average of two or three air bubbles per aqus e foot

in the primer while vough areas contained up to 100 air bubbles
per square foot.

Prime coat complete. 74 gallons of Polytok Membrane 165 applied
on 1981 s.y. for a dry film thickness of 6 mils

[
A
L
&
s
Tl
x
[

%

6/13/72
1:00 62 63 Light breeze. 25% cloud cover. Began mixing 20 gal batch.
G:00 66° 4 18 gallons squeeged on 642 s.f. for an application rate of
35.7 s.£./gal. Alr bubbles and pinholes appeared in the wmewbrane
immediately after application. The high viscosity of the poly-

urethane made it difficult to pour from the mixing barvel and to
spread on the deck
&5 7 gallons of xylol added to the second 20 gallon batch in an
attempt to rveduce air bubbles and pinholes and to speed up the
squeegee operation.
11:15 70° 43 42 gallons applied on 2732 s.f. for an application vate of

65 s.f./gal. Roofing sheet will be placed on a second coat which
will be required to maintain proper membrane thickness.

o)

W

g

2:00 71° 42 Arvea treated at 9:30 (no solvent) is dvy te the touch. Hembrane
has an equal number of air bubbles and pinholes at the vate of 75
to TS‘ per s.f. Area treated at 10:45 (with solvent) is still
very tacky.

L2240 719 39 80 gallons applied on 23852 s.f. for an application rate of
43‘2 s.f./gal. Placing 65 pound roofing sheet over liquid wmem-
brane.

L:45 7%9 33 Reduced xylol to 1 gallon per 20 gallons of mixed poiyun cthane.

2:15 787 32 1007F on primed deck in sun. ‘ome 67{F*ﬂwitj
proper a1iﬁnnent of roofing sheet. Bond to lig by makes
it difficult to realign. FEdges ({ sheets are curiing awvay frum
the liquid wewbrane at various points along the roll cyreating
"fish uouih"‘i

3:30 79° 32 Pi*hﬁ}es in the >d membrane on the southerly span did not
produce any veaction when tested with hydroclovic acid. Ailrx

bubbles E. oken open and F,Osod in the same wmanner were also ap-
parently sealed at the bottom.

100 319 30 ﬁpproximately 75% of the continuous span covered., Fewer aiy
bubbles are appearing in the membrane. Average area has 10 to 20

S~

air bubbles ranging from 1/16" to 1/8" in diameter. in
number may be due to a peak in the air temperature.

r O : o . s o t P

5:30 79 31 Application complete. Final 25% of the deck covered with 50 pound

v 50
roofing sheet. Began second coat along the curbs (18" width).

&
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membrane along the west
curb now has satisfactory coating for a minimum

appEv€n9 second coat on southerly

roofing she

.y. for o thickness of

a dry I
and finish coat

averaged 44 mil

batech along westerly ¢

AND BITUMINOUS CONCRETE WEARING
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along the wes LPf ¥
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SURFACE

o]
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Membrane Tregtment = P
1

Concrete

rime coat = 51,055.00
981 s.y. @ $4.00/s.y. = $7,924.00
Membrane Repailr . 5 395.00

Two~1 inch thick courses
230 tons @ $7.0Q/ton =
Removal of first courvrse of pavement =
Replacement uf first course of pavement
@ §7.00/ton =

134 tons

Ly U

on complete. 470 gallons of Polytok Membran
i
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Figure 2

T 91 8B over S.A. #3, C.P.R.R,., & Barton River

Cracks in Concrete Deck

Length of cracks and thelr locations are to scale. Vertical
Horizontal Scale 10'/in. '
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SUSSTON

A prime coat consisting of a 50=50 mixture of Polviok Membrane and wvlol solwvent
E & p

5. The manufacturey recommended the use of the

was applied on the concre

i

e with saueeg

prime coat (not originally specified) te reduce pinholing in the membrane such as had
occurrved during laboratory evaluations when the polyurethane had been used alone. A
total of 148 gallons of the material was used for an average application rate of 134
square feet per gallon. This amounted to a dry film thickness of 6 mils. Treated areas
were dry to the touch in approximately one hour. Air bubbles were noted in the prime

coat at the rate of two or three per square fool on areas of swmooth concrete while areas

with a rough suvface rexture had up to 100 air bubbles per square foot.
& 2 |

The membrane application began on the southerly simple span the following day.

"

Although the solvent cut prime coat had been easy to apply, the high viscosity of the
uncut two component polyurethane made it difficult to remove from the wixing drum and
also difficult to spread with squeegees. Close control resulted in an application rate
of 35.7 s.f./gal (36.4 s.f./gal ideal) Ffor the first 20 gallen batch, although the thick-
ness of the membrane varied considerably within the treated area (the manufacturer recom-
mends an airless spray application for greater uniformity of coverage).

In an attempt to obtain a more even coverage and to speed up the applicatiocn pro-
cedure, two gallons of xylol solvent were added to each 20 gallon batch of Polytok Mem-
brane. Application data furnished by the manufacturer stated that a solvent could be
added to the polyurethane at the rate of one pint per gallon for spray applications. The
lower viscosity made the applicatrion easier but the speed up resulted in an application
rate of 65 square feet per gallon on the remainder of the simple span. Because of the
light application, roofing sheet was not placed on the membrane until a second coat of
the polyurethane was placed on the area later in the day.

As the membrane application progressed, 65 pound asphalt saturated roofing sheet
was rolled into the liquid membrane. The time lapse between applying the polyurethane
and placing the roofing sheet varied between 30 minutes and one hour. In all cases,
good initial bond was established between the sheets and membrane making it impossible
to realign any rolls which were placed with poor alignment. When the supply of 65 pound
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roofing sheet 50 pound sheets were used on the northerly quarter of the

JES exna

the second coat of polyurethane was

deck and over the simple span after

A large number of air bubbles and pinholes appeared in the liquid membrane shortly

3 .

treated with the polyurethane without solvent,

=
-
o
T
o
-
o
w

after application. 1In the

-

equal amounts of air bubbles and pinholes were noted at the rate of from 75 to 150 per
square foot. When the solvent was added to the polyurethane, somewhat fewer air bubbles

- . 4 -

and pinholes were detected. puring the late afternoon application, the number of ai

e

i
bubbles and pinholes decreased to an average of from 10 to 20 per square foot, The de-

neided with the

crease cof

Q
e

eak in the normal daily air temperature cycle. This further
substantiates the belief rhat most air bubbles and pinholes ave caused by the escape of
alr from the concrete (out-gassing) brought about by increased aiv pressuve wvhich is the

result of a rise in temperature.

(=N

Pinholes and air bubbles in the cured membrane on the southerly span did not reveal

any open areas of concrete when visually inspected and tested with hydrochloric acid.
The testing included breaking open the air bubbles in the membrane. Tt should be noted
however, that visual observations and the use of acid would probably not disclose the
presence of minute holes in the membrane

When the entire deck had been covered with one coat of polyurethane, a second appli-
cation was made over the simple span to increase the membrane thickness. This area was
covered immediately with the 50 pound roofing sheet. The final step was the application
of a second coat of polyurethane over a three foot width a djacent to the curbs and the
placement of voofing sheet over it.

The overall application rate for the deck was 37.9 square feel per gallon wvhich

amounted to a 38 wil coatine

o

Combined with the six mil prime coat, the total coverage
amounted to a 44 mil dry Film thickness

Application of the first 1" course of pavement began on the southerly simple span
on June 16, 1972, three days after the membrane had been applied. The first problem

occurred when the tires on one side of the paver began spinning as the paver lapped the

fivst p

a5

ss of bituminous pavement. The spinning was believed due to a combination of the

2.5% grade and the fact that the roofing sheet has softened beneath the 260° bituminous

50




d remainder of the simple span was

weet was removed and the

The dislocated
paved without further difficulty.

The first pass down the continuous span vesulted in approximately 350 square foot

of impropevly placed pavement. The problem was caused by a lack of bhond between rhe
roofing sheet and the Polytolk Membrane. This resulted in pieces of the sheet

periodically blocking sections of the pavers screed. The blockage prevented the Bitumi-

&

1 BN

nous mix from being placed as the paver moved ashead. The second pass with the paver re-

foeta

sulted in about the same number of problem areas. In addition to the open areas in the

cks developed in the pavement during compaction. Some of

oving

pavenant mat, a number of cra
the cracks appeared to be over the ends of the voofing sheets while others were at lo-
cations where the roofing sheet had become wrinkled or dislocated.

Before the third pass was made with the paver, wost of the unbonded roofing sheet
was removed. This included all of the 65 pound roofing and about half of the 50 pound

roofing, since some of the latter was bonded to the polyurethane. The complete lack of

s

bond experienced with the heavier roofing sheet may have been partially due to its gr

.

T

-

mie
H

er surface coating. The pavement application was stopped after the third pass leaving a
12 foot width of deck unpaved.

The lack of bond between the roofing sheet and the polyurethane may have been

o

caused by a combination of factovs. According to Carboline field technicians, who in-
spected the bridge deck at a later date, the lack of bond was caused by too long a delay
in placing the voofing sheet on the polyurethane. They described the initial bond that
had been experienced between the roofing sheet and membrane as a false bond. This expla-
nation made sense in that the voofing sheet did not create similar problem on the simple
span, where it was placed shortly after the second polyurethane application was made.

The lack of bond did not appear to be related to the fact that the polyurethane had

» .

the roofing sheet had not bonded were

o

not completely cured at some locations. Areas where

FIY 1

ing sheelb was pavtially bonded were often

el
t

completely cured whereas areas where the roof

surrounded by are i 1 Lyt ha he wr ed polyuvethane appeared and felt

surrounded by areas of uncured polyurethane. The uncured polyuvethane appeared and fel
1

similar to a firm, moist sponge. The suspected veason for the lack of cure was that the

solvent was not able to escape after the roofing sheets were applied and consequently pre-

el
[
o
£
g
fs
o
ul
=
)
™t
-
;
-
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W

vented the polyurethane from to contradict the yeasoning that the




ng sheet did not bond because the polyurethane had cured too much before the

sheets were placed. Another possible reason for lack of cuve was improper oy insuf=

f£i

2

ient mixing of the polyurethane components.

Due to numerous cracks and the lack of bond between the pavement and membrane
system, the pavement was rvemoved on July 24, 1972. Uhen the use of a gradall result-
ed in damage to the membrane on the northerly end of the deck, a grader was used to
remove the remaining pavement with very little damage resulting. The pavement was not
removed from the southerly simple span.

Although scattered spots of uncured polyurethane were found over approximately
40 percent of the area where the pavement was removed, an inspection seven days later
disclosed that all of the polyurethane had completely cured. This included approxi-
mately 800 square feet of damaged membrane which had been given a second coat three
days before the inspection.

No difficulties were reported during the reapplication of the pavement. However,
an inspection made several days later revealed a number of cracks and porous areas in
the pavement. Soundings taken with a steel rod indicated hollow areas over at least
10 percent of the area checked. At many locations, tapping with the steel rod caused
water to bubble out of the cracks and porous areas in the pavement.

Rlectrical resistance readings taken on the polyurethane without roofing sheet
ranged between 5,800 and 180,000 ohms with an average of 60,000 ohms per square foot.
Such readings indicate that moisture is able to pass through the membrane. Readings
taken on the membrane with roofing sheet averaged 1.3 million ohms while vreadings
taken on the first inch of pavement and membrane without roofing sheet averaged 1.8
million ohms. When the second course of pavement was placed, electrical resistance
readings taken on the southerly simple span ranged between 140,000 and 8 million ohms.

Follow-up evaluations will be confined to areas not damaged by the removal of the

first course cof pavement,




POLYTOK MEMBRANE 165

191 SB over Barton River

June 1972
Applying 40 mil finish coat over a prime coaf of Polytok Bubbles and pinholes which appeared in the liquid mem-
Membrane cutback 50% with xylol. brane shorily after application.
Covering the liguid polyurethane -with asphalt roofing Inspection of the bubbles and pinholes visually and with
sheets. the use of hydrochloric acid revealed no open areas of

conerete.
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POLYTOK MEMBRANE 165

I 91 SB over Barton River

June 1972
L
Movement of the unbonded roofing sheet caused blockage Removal of unbonded roofing sheet revealed partially
of the paver screed. cured polyurethane in some areas.
Removal of the pavement with a grader was accomplished The reapplication of pavement on the polyurethane with-
with very little damage to the membrane. out roofing sheet resulted in numerous cracks and porous

areas.
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WORK PLAN #7 = CONTROL SECTION

TAR EMULSION AND GLASS FABRIC

PROJECT

~on-Derby  EMP T 91-3 (20)

I 91 northbound bridge over State Aid Highway #3, Canadian Pacific Railroad and
Barton River at station 2537+15.45 - 2541+462.88, 1.7 miles north of the US Rte 5
Tnterchange at Orleans.

BRIDGE CONSTRUCTION DATA

Type of Structure - 1 simple span (composite) and 3 span continuous
(welded plate girder - composite).
Span Lengths - 75% - 113' « 141% - 113°
Overall Length - 442"
Curb to Curb Width - 39.33"
Skew - 479 30 1t.
Horizontal Curvature - None
Grade - -2.500%
Superelevation - ¥/t
DECK CONSTRUCTION DATA
Deck Thickness = g
Concrete - Class AA
Cement - Type 1 6% bags per c.y.
Aggregate Size - 3/47 maximum
Finishing Method - Capital finishing machine on outside beans
skewed 479 30" left.
Curing - Polyethelene sheeting with water spray on curb sections
Surface Texture - Broomed finish

SECTION 1 -  (simple span})

Date Poured - May 11, 1971
Weather Conditions = Sunny 30% humidity
Temperature - Low 45°9F High 70°%

L
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DECK CONSTRUCTION DATA - «cont'd

Concrete Coveyr QOver Reinforcing Steel - 1 7/8%- 2 1/8" 2" average
on 10 tests
Alr FEntraining Admixture - Darex 9 oz per c.y.
Retarding Admixture - None
Pour Sequence = From north to south
Conecrete Test Results:
Percent Alr -  Low 6% High 7%% 6%7 average on 10 tests
Slump - Low 3% High 4 3%% avevage on 4 tests
Modulus of Rupture - 724 psi average at 28 days
SECTION IL - (3 span continuous}
Date Poured = May 18, 1971
Weather Conditions - Sunny 307 homidity
Temperature - Low 45°9F High 90°F
Concrete Cover Over Reinforcing Steel - 2" agsumed
Alr Entraining Admixture - Darex 7 to 9 oz per c.y.
Retarding Admixture - Daratard H.C.
Pour Sequence - Placement from both ends to the middle with full depth at

the north end and the final 2% placed on the southerly
end last.

Concrete Test Results:

Percent Alx - Low 5%% High 9% 7%%, average on 54 tests
Slump - Low 27 High &4 35" average on 45 tests
Modulus of Rupture - 709 psi average at 28 days
DECK CONDITION
Surface Texture - The broomed concrete surface varied from smooth to

quite rough.
Cracks - Transverse cracks were visible on the continuous spans.

Steel Corrosion Readings - None taken prior to placement of membrane and
pavement .




PROTECTIVE TREATMENT

Product =~ Tay emulsion and woven glass fabric
The brand of tar emulsion used was PRS5-CTP manufactured by the
A

Triram Corporation, 721 Waverly Street, Framingham, Massachusetts.
b4 o # 3
The glass fabric was manufactured by Burlington Glass Fabrics Co.

Test Results - Water content of the tar emulsion averaged 52% by weight.

APPLICATION PROCEDURE

~~

[

St
s

Prime coat of tar emulsion applied on wmoist concrvete and allowed to dry.
(23 Coat of tar emulsion followed with the placement of a layer of glass fabric

(33 Coat of tar emulsion with a layer of glass fabric placed perpendicular
to the first laver of fabric.

(4 Coat of tavr emulsion which is allowed to dry.
(5) Finish coat of tar emulsion,

The total coverage for the five coats of tar emulsion should be approximately
% gallon per square yard.

OBSERVATIONS MADE DURING MEMBRANE APPLICATION

Time Temp
5024772 Clear 5 = 15 mph breeze Alr tewperatures recorded in shade.
9:00 65° Deck cleaned using air blower, brooms and water.
10:00 672 Prime coat of tar emulsion applied with a mechanical applicator.
11:15 69 Began applying glass fabric along the curb. Prime coat although dry
to the touch, is sticking to workmens' feet and consequently is being
pulled from the concrete in many areas.
4:30 71° Began placing transverse strips of glass fabric along the skew of the
o bridge. ‘
7:15 66 Application stopped. 700 s.,y. covered with 3 coats of tar emulsion
and 1 layer of glass fabric. 470 gallons applied on 4066 s.y. for
an application rate of 0.115 gal/s.y./application.
5/25/72 Clear 3 - 10 mph breeze.
6:00 42° Application starvted.
9:15 55° First layer of glass fabric complete on continuous spans.
10:30 60° First laver of glass fabric complete on simple span.
11:45 63° Began placing longitudinal strips of glass fabric.
5:30 65° Application complete on continucus spans. Starting on simple span.
5/26/72 Clear 3 - 5 mph breeze.
8:00 4,9° Began applying the final coat with a mechanical applicator.
10:00 60° Finished applying final coat along curbs with brushes.

951 gallons of tar emulsion applied for an average application rate
0.48 gallons per square yard.
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Membrane Treatment =~

Bituminous Concrete = Two -~ 1 inch thick courses
273 tons & 57.00/ton =
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DISCUSSION

The prime coat of tar emulsion did not display good adhesion to the concrete
surface in many areas. This was reveald when the material stuck to the workmens'
shoes leaving exposed concrete when they began applying the second coat. The prob-
lem was believed due to a lack of sufficient moisture on the surface of the concrete
during the application of the prime coat although the mechanical applicator was de-
signed to apply a light misting of water on the concrete proceeding the tar emul-
sion.

Many wrinkles occurred during the initial application of the transverse strips
of glass fabric. This was due to windy conditions and an inexperienced crew. There-
fore the usual method of placing the glass fabric into a fresh coat of tar emulsion
was modified to allow placing the glass fabric on the deck and working the emulsion
into it. This change was approved by the company representative on the project.
After the workmen became experienced in handling the glass fabric, the normal proce-
dure was used.

Difficulties were also encountered in applying the system along the curbhs. A
wallpaper brush proved beneficial in smoothing and removing excess tar emulsion from
the treated area of the curb and also in pressing the fabric into voids and rough
areas. However, inspection of the completed system revealed many areas along the
curbs which did not appear to be adequately secaled. The membrane system also dis-
closed areas which did not appear to have a satisfactory buildup of tar emulsion over
the glass fabric. These areas were the result of rough concrete surface conditions
which required more tar emulsion than the specified one-half gallon per square yard.

The overall application rate for the deck averaged 0.48 gallons per square yard.
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An 18 inch square concrete test slab with two inch shoulders was treated with
tar emulsion and glass fabric when the membrane system was applied on the bridge.

After curing, the sample was exposed to freeze-thaw cycles in the laboratory. Blisters
and bubbles were observed in the sample after five cycles. The results were similar

to those that occurred on other samples tested in the same manner in the lLaboratory
several months earlier.

Electrical resistance readings were taken on the membrane system alone, and with
one inch of pavement. Because water was allowed to flow from the test area in some
cases, the results were later considered invalid. Field experience has indicated
that if water isallowed to flow from the one square foot test area, resistance read-
ings will decrease. This is particularly true if the water flows along the curb where
i1t may contact drain gutters or areas not properly sealed. Electrical resistance read-
ings taken on the completed pavement and membrane system were also incomplete in that

insufficient testing time was allowed at each test location.




TAR EMULSION & GLASS FABRIC
191 NB over $5.A. No. 3, C.P.R.R, & Barton River
May 1972

Placing the second coat of glass fabric along the curb, Working tar emulsion into the glass fabric extending vp
the curb.

Placing transverse sirips of glass fabric along the skew of Placing longitudinal strips of glass fabric.
the deck.




TAR EMULSION & GLASS FABRIC
191 NB over S.A. No. 3, C.P.R.R, & Barton River
May 1972

Placing final coat of tar emulsion with mechanical appfi- Areas with a rough or uneven concrete surface did not
appear to have a sufficient buildup of tar emulsion when

the final coat had dried.

cator.

The system’s sealing value did not appear satisfactory at A concrete sample treated at the project site developed
blisters when it was covered with water and exposed to

many locations along the curbs.
five freeze-thaw cycles.




WORK PLAN #8 - INITIAL REPORT
DURALKOTE 306 EPOXY

PROJECT

Barton

PROJECT LOCATION

Tn the County of Orleans, Vermont, beginning at the point of intevsection with
Vi Rte 16, southerly of Barton Village and extending northerly approximately

S &
)

]7 i, le e85 .

WORK LOCATIGON

at station 2358421 - 2359410,
Barton.

[ 91 northbound bridge over Town Highway
3.8 miles north of the V& Bre 16 intercl

I 91 northbound bridge over State Aid #2. See data on pages 11 to 15.

PRIDGE CONSTRUCTION DATA

Type of Structure - Simple span
Span Length - 79.06'

Overall Length - 39'

Curb to Curb Width - 39.33'

. -0
ey e 1 /

- 07% - 20%
Horizontal Curvature - Tangent
Grade - + 0.2500%

o

Superelevation - %"/ft

DECK CONSTRUCTION DATA

Date Poured - June 23, 1971
Weathey Conditions = Cleaw 25% humidity 5 mph breeze

Tenmperature - 749F

Deck Thickness ~ 8"
Concrete Cover Over Reinforcing Steel - 27 - 2%U 2 1/8" average

Concrete - $lass AA




DECK CONSTRUCTION DATA - cont'd

S oy A - ES Lot
Cement - Type I 6% bags

9 ov per c.y,

Retarding Admixture - None

Ty

Four Sequence - Novth to south

P N < PR . . ~ N . o s ’ ) ~ 7 g e
Finishing Method - Capltol finishing machine on cutside heams, skewed 17
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Concrete Test
Percent Air - Low 5%% High 7%% 6.55% average on 15 tests
Slump - Low 24" High 4% 3.4 average on 14 tests

Modulus of Rupture = 830 psi average @ 28 days

DECK CONDITION

surface Texture - Light broom
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<8 ~ None detected
Laitance - Less than the normal amount of laitance on the surface of the concrete

Miscellaneous - The deck had asphalt droppings on the concrete

Steel Corrosion Readings - Initial readings taken on the deck averaged 0.12 volts,
indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Duralkote 306 - Coal Tar Hpoxy Sealex
A 1007% solids, two component, rapid setting, bituminized epoxy manu-
factured by Dural International Corporation, 95 Brook Avenue, Deer Pa

New Yovk 11729

Test Results - The matevial was certified to meet the Vermont Department of
Highways specification for Item 372-B, E

o

Epoxy Membrane Sealer,

RECOMMENDED APPLICATION PROCEDURE
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contaminants must be removed by sandblasting or other mechanical means.
et

d ching may be used in lieu of sandblasting on new or relatively clean
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D APPLICATION PROCEDURE -  cont

concrete. (owmbine one part by volume ¢t by volume of Hard-

with one pa

ner and mix thorouphly A one gallon quantity has a pot life of approximately
10 minures ar 75°F. The material can be ﬂopijﬂd with a brush, spray, roller
or squeegee. Sand should be broadcast into the resin within 5 minutes of appli-

cation.

DECK PREPARATION PRIOR TO MEMBRANE APPLICATION

st of the asphalt droppings on the deck were removed by sandblasting. Five
ﬁ

hundred pounds of sand was used in a 2 hour periocd for that purpose. The deck
was then washed clean with water. After the concrete had dried, a 127 nuriati
acid solution was applied on the concrete surface with water sprinkler cans.
The deck was treated in two sections to insure that the concrete could be proper-
3y flushed before any of Lhe acid salts could dry on the surface. After comple-
tion of the final section, an additiomal 1000 gallons of water was applied with

a iiéh pressure hose. The surface of the concrete was checked with litmus paper

to insure that all of the acids had been removed.

OBSERVATIONS MADE DURING MEMBRANE APPLICATION

%
Time Temp Humidity
7/29é72 Air temperatures recorded in shade. Partly cloudy.
11:00 75 33 Began mixing first 4 gallon batch. Epoxy applied at the

rate of 87 sf/gal on northerly end of deck and 3° onto

approach slab. A 20-30 mesh silica sand was cast on
the liquid epoxy.

11:26 4 gallons applied at the rate of 46 sf/gal. Air bubbles
noted immediately in thicker coating.

11:35 1 quart solvent (xylol) added to 4 gal batch te improve pene-

tration into the concrete., Lower viscosity resulted in an
application rate of 117 sf/gal.

12:10 74° 4.5 16 gallons on 1260 sf for an average application of 89 sf/gal.
Area hit by a 10 minute shower. The rain cut some of the oil
in the epoxy. Four gallons of epoxy wasted.

1:30 The epoxy is slightly tacky in all areas.

Z:30 Most of the epoxy is flexible but no longer tacky. Appears to
be curing out.

7/31/72 Clear until mid-afternoon.

8:00 63° 49 Sweeping and blowing dust and dirt off the deck.

The epoxy which had been rained on before curing has a dull
) surface finish but appears to be satisfactory otherwise.

8:30 66° 47 Began mixing. One quart xylol added to each 4 gal batch

9:00 69° 37 16 gallons applied. Some air bubbles and bubble clusters can
be seen in the fresh epoxy.

9:40 71° 42 First coat complete. 25 gallons applied on 2460 sf for an
average application rate of 98 sf/gal. Overall coverage for
the first coat was 90.7 sf/gal.

2:30 86° 25 Began applying second coat. HNo solvent used. Trying for an

application rate of 35 sf/gal as recommended by manufacturer.

& i
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OBSERVATIONS MADE DURING MEMBRANE APPLICATION - cont'd

%
Time Temp Humidity
7/31/72 cont'd
5:00 86° 32 68 gallons applied on 2480 sf for an average application rate
o of 36.5 sf/gal.

5:45 78 39 Application complete. 113 gallons applied on second coat for
an overall application rate of 32.9 sf/gal.
154 gals. applied on 3720 s.f. for a total coverage of 24.2 s.
gal or an average of 48.4 s.f./gal/coat.

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE

PO

Membrane Treatment - 158 gallons @ $40.00/gal = §6,320.00
Cost per s.y. = § 5

Bituminous Concrete - Two - 1 inch thick courses
76 tons @ $7.00/ton = $ 532.00

£./




The surface preparation of the
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ich included acid etching and selected sand-
blasting, resulted in an excellent gritty surface texture that was free of laitance or
other surface protrusions.

r

The application of Duralkote 306 Coal Tar Modi

el
L

ied Epoxy was ef]
a three man operation. Two gallons of each component were drawn from 55 gallon drums
and mixed for a three minute period with a jiffy mixing blade. The matevial was then
poured in a windrow across the deck and spread out with a squeegee. The fivst pass
always left many holidays but when the material was reworked in the opposite direction,
the concrete appeared to be completely coated. Ottawa silica sand (20-30 mesh) was then
immediately broadcast onto the liquid epoxy. Although the ten minute pot life had been
expected to cause some problems, it turned out that the material could easily be applied
in eight or nine minutes including the three minute mixing time.

The application rate for the first four gallon batch was 87 square feet per gal-
lon. The second unit was applied at a much lower rate for a comparison. When more
air bubbles were noted in the thicker coating, a decision was made to apply a light
initial coat and a heavier second coat. The manufacturer had not specified a two coat
system but did acknowledge that two coats might reduce or eliminate pinholes in the
membrane. The manufacturer had recommended that a solvent be added to the epoxy used
in the first coat to lower the viscosity of the material and thereby increase the extent
of its penetration into the concrete., This was done at the rate of one quart of xylol per
four gallons of epoxy.

After 16 gallons of epoxy had been applied, a sudden rain shower hit the work area.
The downpour cut some of the oil or bituminous components in the epoxy causing it to

flow off the deck with the runoff water. The area involved consisted of 29 lineal feet
along the northerly end of the deck and three feet on the approach slab with a total
area of 1260 square feet. TInspection of the area about two hours after the shower dis-
closed that the epoxy had cured although it had a dull surface finish rather than the
normal glossy finish. It was also noted that a small amount of water could be drawn out

£ ’

of the epoxy in some aveas by rubbing the oily feeling surface. The remainder of the
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Fivet coal was applied two days later witheut incident. The application vate for the
PE i

first coat ranged between 46 and 130 square feet per gallon with an overall rate of

w

90,7 square feet per gallon. This amounted to an average thickness of 17 mil

&

pubbles . bubble clusters and pinholes occurred at varying rates in the initial coat.
s p ying
The bubble clusters consisted of approximately a dozen small air bubbles grouped to-

1

gether. They were believed to be caused by the solvent in the epoxy. Meny of the bubbles
disappeared as the epoxy havdened while some remained in the form of pinholes in the

membrane.

free.

("

The application of the second coat began as soon as the [first coat was
An application rate of 35 square feet per gallon was aimed for as verbally recommended

Lo £ {

by the manufacturer while the actual rate varied between 25 and 55 square feet pev
gallon. The overall application rate for the second coat was 32.9 square feet per gallon

for a mil thickness of 52. The total coverage for both coats was 24.2 squave feet per

s

gallon for a thickness of 69 mils.

Tnspection of the second coat during and shortly after application revealed air
bubbles up to 5/8 inch in diameter on the northerly end of the deck. This was on the
area where the first coat had been rained on. Relatively few bubbles were noted on
the remainder of the deck. Observations made the following day disclosed that almost
all of the air bubbles in the membrane had changed to pinholes or small depressions.
Areas checked on the northerly end of the deck averaged 75 pinholes per square foot.
The pinholes were apparently not open to the concrete however, since electrical resist-

.

ance readings were very high and testing with hydrocloric acid did not produce any

effervescence. Many areas on the southerly half of the deck were free of pinholes or

depressions while scattered areas had an average of eight or ten pinholes per square foot.

§_4.

The general appearance of the membrane, particularly along the critical curb areas gave
the visual impression that the concrete was well sealed. It was also noted that the
membrane was quite flexible to the touch.

An attempt to check the bond between the two coats of epoxy was made by striking

the membrane with a hammer. This revealed that the top coat on the northerly approach

slab could easily be pealed from the bottom layer after the membrane had been cracked
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open., This was undoubtedly due to the affect of the rain on the first coat since when

“he same procedure was tried on an area where the first coat had not been exposed Lo

, the material could not be separated into two individual layers.

reading

5
&

Electrical resist s were taken on the epoxy membrane shortly before the
bituminous pavement was placed. The readings ranged from a low of 1.2 million ohms to

a high of 700 million ohms with an average of 30 million chms per square foot. One set

of moisture sensing copper foil strips was also placed beneath the membrane to monitor

any future penetration of moisture through the pavement and membrane systen.
The first one inch course of bituminous pavement was placed with a rubber tired

paver approximately 19 hours after the final coat of epoxy had been applied. No difficul~

ties were encountered during the paving operation nor was any damage to the membrane

]

ohserved when the hot mix was vemoved from several areas for inspection.
Soundings taken with a steel rod on the first rse of rement did not indicate
Soundings taken with a steel rod ou the first course of pavement did not indicate

of bond

any hollow areas between the pavement and the epoxy membrane. However, a
between the two materials was exhibited in one area when the bituminous mix stuck to the
tive of a vehicle which had heen parked leaving a hole in the pavement.

Electrical resistance veadings taken on the completed pavement and membrane wvere

in excess of 50 million ohms indicating that the pavement-membrane system is highly

impermeable.

L2
e
L.




DURALKOTE 306 EPOXY
| 91 NB over Town Highway No. 29
July 1972

Bubbles and pinholes in first coaf of epoxy placed on

Taking initial readings on copper foil strips. Note bubbles
concrete test slab.

where extra epoxy was placed over lead wires.

The lack of bond between pavement and epoxy is re-
vealed by area where the hot mix stuck to the tire of a

parked vehicle.

Concrete tesi slab after second coat of epoxy had cured.

©)



DURALKOTE 306 EPOXY
1 91 NB over Town Highway No. 29

July 1972
First coat applied at the rate of 46 sf/gal. without solvent First coat thinned with solvent and applied at the rate of
resulted in many air bubbles and pinholes. 125 sf/gal. resulted in bubble clusters numbering about
5 per sf.
Applying second coat at an average rate of 33 sf/gal. Air bubbles up to 54" diameter appeared in the second

coat placed over the section of prime coat which had been
rained on. Many areas on the southerly end of the deck
had no pinholes.

0




WORK PLAN #9 - INITTAL REPORT
HEAVY DUTY BITUTHENE
PROJECT

Barton EMP I 91-3 (19)

PROJECT LOCATION

{n the County of Orleans, Vermont, beginning at the point of intersection with
VYt Rte 16, southerly of Barton Village and extending northerly approximately
5.417 miles,

WORK LOCATION

I 91 southbound bridge over Town Highway #29 at station 235940 - 2360429,
1.7 miles south of the US Rte 5 Interchange at Orleans.

CONTROL SECTLION

T 91 northbound bridge over State Aid Highway #2. See data on pages L1 to 15,

BRIDGE CONSTRUCTION DATA

Type of Structure - Simple span
Span Length - 78.37"
Overall Length - 89!

Curb to Curb Width - 39.33°

skew - 180 337 30¢
Horizontal Curvature - Tangent
Grade - + 0.098187%
Superelevation - R/fe

DECK CONSTRUCTION DATA

Date Poured - July 15, 1971

Weather Condition - Clear 25% humidity 5 mph breeze
Temperature - 72°F

Deck Thickness - g

Concrete Cover Over Reinforcing Steel - 21 - 2k 25" gverage
Concrete - Class AA

Cement - Type I 6% bags per c.y.

Aggregate Size - 3/4% maximum

Air Entrainment Admixture - Darex 7 to 8 oz per c.v.
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DECK CONSTRUCTION DATA -~ cont'd
Retavder Admixture - None
Pour Sequence - Continuous placement f£yom south to north
Finishing Method - Capitol finishing machine on outside beams
Surface Texture - Broomed finish
Curing - Sprinkler hoses along curbs and centerline plus plastic cover
Concrete Test Resulis:
Pevcent Air - Low 5%% High 7% 6.2% average on Ll tests
Slump - Low 2%" High 4 3.2" average on Ll tests
Modulus of Rupture - Average 742 psi at 28 days
DECK CONDITION
Surface Texture - Light broom finish
Cracks - Norne detected
Laitance - Less than the normal amount on the surface of the concrete
Miscellaneous - The deck had a large amount of asphalt droppings scattered
over the entire area with heavy concentrations in the main
wheel paths at either end of the bridge.
Steel Corrosion Readings - Tnitial readings raken on the deck averaged

=3
0.13 volts, indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Bituthene Heavy Duty Membrane manufactuved by W. R. fGrace &

Company.

Heavy Duty Bituthene consists of a woven polyproplene mesh coated
on one side with a factory applied layer of adhesive-consistency,
rubberized asphalt. The total thickness of the membrane is appro-
ximately 80 mils. The material is supplied in 3 £t wide by 45 ft
long rolls interwound with a special release paper which protects
the adhesive surface until it is ready to apply.

o

Test Results - The material was applied on a 24" square concrete slab which
was constructed with 37 high cuvrbing on all sides. The
sample did not leak or show other signs of failure after six
months of testing. The test period included freeze-thaw
cycles and 30 days of sub-freezing temperatures down fo a low

&

.

" £ 50, . ., . . " Y, .
of ~157g. Application of bituminous mizes up to 300°F in
temperature were made on samples without apparent damage to
the material.
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RECOMMENDED APPLICATION PROCEDURE

DECK

Bituthene primer is applied on the concrete surface by brush, roller or spray at
the rate of 200 to 400 square feet per gallon. When the primer has dried for one
hour or until tack free, the sheet membrane application may begin. A bead of
Bituthene Mastic is placed at the base of the curbing with a caulking gun. Short
strips of Bituthene approximately 8 inches wide are cut from a voll and placed
along the base of the curbing so that the material extends up the curb the desired

A second complete voll of the material is then placed over the strips
along the curb.
end overlaps.
deck with the sheets overlapping in shingle fashion. 1In the case of a
with a normal crown application should be made from both sides to the mid-
dle with the center strip overlapping the adjacent strips. After the membrane
has been rolled to insure complete contact with the concrete, a bead of Bituthene
Mastic should be applied to all exposed edges. A protective wearing course of
pavement should be applied within 30 days.

height.

placed
6 inch
of the
bridge

Successive rolls are placed with 4 inch edge overlaps and
The sheets are placed from the low peint to the high point

PREPARATION PRIOR TO MEMBRANE APPLICATION

sand and other material was washed off the deck with high pressure water. Most of
the thick lumps of asphalt were removed with chisels and grass edging tools. Re-
moval of numerous small asphalt droppings was not required according to the product
manufacturer's representative who was on the project.

OBSERVATIONS MADE DURING MEMBRANE APPLICATION

%

% Cloud

Time | Temp »Humidity Cover

8/14/72

7:00 100
10:00] 68° 47 90
10:30] 69° 46 920
11:15] 68° 36 40
11:30] 68° 36 40
12:45 72° 39 90
1:30 | 69° 45 100
2:00] 70° L, 100
3:30) 71° 40 80

Temperatures recorded in shade.

Light rain shower.

Concrete dry except along curbs.

Began primer application along the westerly curb. Some
moisture present along the curb line but W. R. CGrace re-
presentative not concerned.

Temperature 78° in sun. Prime coat complete on 3/5 of
deck.

Began applying 5/8" bead of mastic and 8" wide strips of
membrane along the curb. Noticed that the primer did not
bond to some of the areas of concrete which had moisture.
The material could be rolled off the concrete with a
finger. Copper foil strips placed 7' from the westerly
curb at sta 45-50, 3' from the westerly curb at sta 81-86,
and 3%' from the eassterly curb at sta 86=91.

Began placing first full roll of Bituthene along curb over
8" ywide strips. Material cut in 6' to 10' strips in ovder
to make the application up onto the curb easier. Material
bonds very readily to the concrete.

94 lineal feet of membrane applied in 45 minutes.

Primer application completed along easterly curb. 15 gal-
lons used on 3730 s.f. for an application rate of 249 sf/gal.
5 gallons of Bituthene mastic was placed in B joint at
southerly end of deck and 1%" wide cork filled joint at
northerly end of deck.
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OBSERVATIONS MADE DURING MEMBRANE APPLICATION - cont'd

%
% Cloud
Time | Temp | Humidity | Cover
3/14/72 cont'd

5:00 69° 42 160 Approximately % of the deck covered (200 sy}, seven strips
wide. Numerous small air bubbles trapped beneath the
sheets.

8/15/72

8:15 559 48 100 Began application along the easterly curb.

10:45 66° 40 100 Nine rolls applied. Application becoming easier with
experience.

12:00 72° 35 100 Thirty rolls placed on the deck. Difficulty in attaining
proper alignment resulted in considerable waste with over-
laps. TFive more rolls of material will be required to
complete coverage.

8/24172

1:30 85¢ 43 160 Began repriming area requiring membrane. Water detected
behind membrane along both curbs.

3:00 86° 4y 50 Temperature 94° in sun. High temperature appears Lo be
causing slightly more entrapped air beneath the membrane
sheets.

5:00 g2° 4ty 60 Four rolls plus an additional 20 s.f. were used to com-
plete the coverage. Mastic being applied along edges. A

~

total of 4655 s.f. of Bituthene was placed on 3730 s.f. of
concrete.

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACH

Membrane Treatment =  4l4.4 sy @ $7.25/sy =  $3,004.40

Bituminous Concrete = Two - 1 inch thick courses
72 tons @ §7.00/ton = §$504.00

DISCUSSION

A light rain fell on the deck shortly before the Bituthene application was to have
started. Approximately one-half hour after the concrete surface first appeared to be
dry the W. R. Grace representative on the project gave the OK to begin the primer appli-
cation. The primer consisting of 75% solvent and 25% rubberized asphalt, was applied
with long handled paint rollers. The initial application at the northerly end of the
deck and along the westerly curb consisted of clear resin and solvent due to the fact

that the first five gallon pail of primer was not stirred prior to application. In-
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spection of the quick drying primer disclosed very little bond to several areas along

lar

fmie

the westerly curb where some moisture had been present during application. Sim

areas along the easterly curb were not primed until late in the afternoon when they

&

were thoroughly dry. The overall application rate for the prime coat was 249 squave

scallon.

feet per g

When the prime coat was completely dry, a 5/8 inch bead of Bituthene mastic was
applied at the base of the curb. GShort strips of the membrane averaging eight inches
in width were then placed along the base of the curb so that they extended up the curb
approximately two inches. Six to ten foot long strips of the membrane sheet were then
placed on the deck over the short strips, once again extending up the curb two inches,
to form a double application at the curb line.

,

The application of the complete rolls on the deck progressed slowly at fivst. This
3 3 |2 &

Es

ining proper alignment of the rolls.

P

7

was due mainly to the difficulty in atta:

correct alignment it was necessary to cut the material and vestavt the appliication in

order to proper overlap and not waste material. The adhesive quality of the
product did not allow readjustment of the material once it was firmly placed on the

concrete. Use of chalk lines on the deck proved to be beneficial but during the first

days application wmany short strips of membrane ranging from 5 to 10 feet in lengih were

:

common. Some difficulties were also experienced wit

1a

h the release paper sticking to the
edges and the bottom of the membrane.

vet afrernoon resulted in a speed up in the second day's

frete

The expervience gained the £

£~ £«

application with four of the first six rolls placed full length without cutting. An ex-
perimental roll of Bituthene manufactured in the United States was also placed. The
roll was 60 feet in length and had a heavier velease paper adjacent to only the adhesive
side of the membrane. The heavier release paper eliminated the problem of the paper
tearing and also reduced by one-half the amount of waste paper which had to be disposed
of. This would amount to 2 savings in labor since one man kept busy just pic
the waste paper.

The application terminated the second day when all of the available material had

1
H

been placed. The lack of sufficient material was due to not allowing for overlaps
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applied, a total of 4655 square feet of membrane sheeting was placed on 3720

of concrete. This amounted to approximately 20 percent more materis

surface area covered. Most was due to

the curb lines. However, 208 square feelb or approxi:

¥

was waste due mainly to the difficulty in maintai

The amount of

Slightly more and larger bubbles seemed to cccuy during the

aly temperatures weve higher Most o

puncitured and the ailyr was squeezed out while the smaller bubbles were

The self sealing chavacteristics of the wmaterial was evidenced duris

&

trapped beneath the membrane varied aip diffe

rent loca

nal application w

ng removal of

allowed

was received

squ

then

cent of the mat

and

are feet

coneT

fions

[ R

1
i

the air bubbles over 1% inches in diawmeter

e Che

were

Lo remaln.

the en-

trapped air in that if care was not taken as the air was squeezed out, the hole would

Y

becone sealed and a new hole would have to be made.

not appear to change when the membrane was exposed to sunlight and

prior to paving nor did they create any problems when the bituminous pavement was

Inspection of the wembrane system eleven days aftev the initial

o7

P

made disclosed that water had gotten behind the membrane along bot

openings where water may have entered were detected on the top edge of the

the westerly curb. However, no open areas could be found along the

The size of the

air bubbles

did

high air temperatures

h curbs.

easterly curb

gives speculation to the possibility that the water behind the wembrane was

.
o
j
o
9]
el
@
c
"
o

system. The fact that water was able to travel along the vertical
due to the membrane not having adequate bond to the epoxy wmortar at
granite curb. The lack of bond may have been due to an incomplete
on the face of the curb,

Electrical vesistance readings taken on the membrane system we

face of

Twel

due

com the back face of the granite curb rather than through the

plac

ve sma

ed.

application had been

11

membrane along

This

to migra-

menbrar

the curb was

the base of the

primer application

re all recorded as

infinity. Three sets of moisture sensing copper foil strips were also placed beneath

the membrane to monitor any future penetration of moisture.

The first one inch course of bituminous pavement was placed with a rubber t

paver on August 29, 1972, five days after the membrane system had be
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een comple

ed.

ired

The
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application began at 6:45 in the evening with the air temperature at 727F. The tem-

ranged between 232°F and 265°F. A number of cracks

=N

perature of the bituminous m

developed in the pavement during application. They weve apparvently due to the membrane

stretching, since inspection of the membrane beneath cracked aveas did not dis-

close any joints, tears, oy £ of

255, Moa

- EA R
racks in the pave-

ment were sealed during the initial compaction with an 8 to 10 ton roller. However,
other cracks developed at that time. They were, in nearly all cases, a reflection of the

edges and end of the membrane sheets. When the initial compaction was delayed on one
area until the temperature of the bituminous mix dropped to 15097, very few cracks occurred

feet in

in the pavement. A total of 21 transverse and longitudinal cracks averaging 1.9
length remained in the pavement when the final compaction was completed.
The final one inch course of pavement was placed on September lst, uwtilizing a

- b1

large rubber tived pavey capable of placi

s
e
e

over a 28 foot width. When the paver

[

ng hot

first traveled onto the section of pavement with the membrane beneath, the pavers' tives

caused rutting in the first course of pavement,

The problem was eliminated when the weight of the paver was reduced by not keep-

&

s o

ing the hopper completely filled w

e

th bituminous mix. The rutting which had occurred

.

was removed with compaction and the cracks which had remained in the first course o

0

b

pavement did not reflect through into the top course.

Soundings taken with a steel rod indicated satisfactory bond between the membrane
and bituminous pavement. BRElectrical resistance readings taken on the membrane and com-
pleted pavement were also recorded as infinity.
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BITUTHENE HEAVY DUTY MEMBRANE
191 SB over Town Highway N, 29

Applying 8-inch wide strips of Bituthene over bead of
mastic at the curb line. Note clear primer adjacent to the
curb.

August 1972

Placing 8 to 12 foot long strips on the deck so it extends
up the face of the curb approximately 2 inches.

Applying the first continuous roll of Bituthene.

Note short strips due to difficulty in maintaining correct
alignment and overlap.




BITUTHENE HEAVY DUTY MEMBRANE
191 SB over Town Highway Neo. 29
August 1972

Rolling the membrane, Nofe enirapped air. Puncturing large air bubbles and sealing the holes and
overlaps with mastie. ’

Water found behind the membrane system at the curb 11 The worst of 21 cracks which occurred in the first course
days after installation. of pavement during the initial compaction.




WORK PLAN #10 - INITIAL REPORT
POLYTOR MEMBRANE 165

PROJECT

Barton EMP I 91-3 (19}

PROJECT LOCATION

In the County of Orleans, Vermont, beginning at the point of intersection with Vt
.

Rte 16 southerly of Barton Village and extending northerly approximately 5.417 miles.

WORK LOCATION

I 91 southbound bridge over Vit Rie 16 at station 2147+498.31 - 2149478.60 in Barton

CONTROL SECTION

T 91 northbound bridge over Town Highway #40, see data on pages 24 to 27,

BRIDGE CONSTRUCTION DATA

Type of Structure - 3 span continuous WF
Span Lengths - 51F = 77' - 48°
Overall Length - 176°

Curb to Curb Width - 39.33'
Skew = 139 34°

Horizontal Curvature - None
Grade = =2.000%

1

Superelevation - %'/ft.

DECK CONSTRUCTION DATA

Date Poured - Septembevr 24, 1971

Weather Conditions - Faiv 25% humidity No breeze
O

Temperature = b6LF
Deck Thickness - 8%

Concrete Cover Over Reinforcing Steel - 27 - 25" 25" average
Concrete = Class AA

Cement -~ Type 1

Aggregate Size - 3/4' maximum
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DECK CONSTRUCTION DATA = cont'd

Alv Entraining Admixture - Davex 6 ozfc.y
Retarding Admixture - Plastiment 42 oz/sack

Pour Sequence = South to north continuous

ishing Method « Capital finishing machine
Surface Texture = Broomed finish

ot

Curing - Sprinkler hose and plastic cover

Concrete Test Results:
Air Entrainment - 6% - 6 3/4% 6.4% average on 12 tests
Slump = 2% - 340 3.1% average on 13 tests

£

Modulus of Rupture = 825 psil average at 28 days

DECK CORDITION

Surface Texture = Slight to moderate broom finish. Novtherly end of deck has a
number of holes in surface caused by movement of coarse aggre«
gate duving brooming.

Cracks = Thirtye-two transverse cracks ranging from 1.8° to 39.3" in length werve
noted in the deck. All cracks were observed on both the top and bottom
of the deck. See crack layout on Figure 3, Page 84.

Steel Corrosion Reading - Initial readings taken on the deck averaged 0.13 volts,

indicating no active corrosion.

PROTECTIVE TREATMENT

Product - Polytok Membrane 165. A two part modified polyurethane elastomer manu-
factured by the Carboline Company, 328 Hanley Industrial Court, 5t. Louis,
Missouri 63144,

Test Results - The polyurethane elastomer displayed excellent bond when placed on
concrete samples in the lahovatory. The material vemained flexible
at sub zero temperatures and did not appear to be damaged when
bituminous mixes were applied at temperatures up to 300°F. The matee-
rial did not leak or show other signs of failure when placed on a
two foot square concrete slab constructed with a three inch high cuvb=
ing. The test period included freeze thaw cycles and over 30 days of
sub freezihg temperatures which ranged down to =15°F. The only bad
feature noted was that pinholes often developed in the membrane coat-
ing shortly after application.

RECOMMENDED APPLICATION PROCEDURE

The initial suggested guide specifications for applying Polytok Membranme 165 were
modified as follows, due in part to the problems experienced on Interstate 2L south-
bound over State Aid #3, the Canadian Pacific Railroad and Barton River.

i

&
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RECOMMI APPLICATION PROCEDURE =~ cont'd
Remove all dirt aand contaminates from the concrete all holes
or other irrvegularities in the concrete with a mates=
rial, Apply a prime coat by spray or squeegee at the
feet per gallon using viok components A and B mixed 2 (]
solvent. Allow the prime coat to become tack free before ay ing
coat. This normally takes 20 to 30 minutes at 75°F. h part
volume of component A with one part by volume of component B. Mixing ilme
should not be less than five minutes or more than ten minutes per 20 gallon
batch, Apply by spray or squeegee at a uniform rate of 30 squave feet per gal-
lon for a dry film thickness of 40 mils (previous specifications called for an
application rate of 36.4 square feet per gallon to obtain a 40 mil dyy film
thickness). After 15 minutes and within 45 minutes of when the polyurethane is
applied, place 30 pound asphalt saturated ashestos roofing felt over the mem-
brane. Sheets should be laid parallel to each other with a minimum of 3/4 inch
sap between edges and with ends butted. The felt sheets should be rolled to
insure camp%@te adhesion and to remove any air pockets ov "fishmouths" 2
"fishmouths" should be sliit with a knife and adhered. Allow five hours cure
at 709F before applying wearing surface.
OBSERVATIONS MADE DURING MEMBRANE APPLICATION
VA
Time tTemp Humidity
8/23/72 Air temperatures recorded in shade. Clear. Carboline field
service technician on project.
8:00 66° 69 Began mixing polyurethane with solvent (Xylol) at 50%=50% rate.
9:30 71° 53 8 gallons applied with squeegee on 900 s.f. Application made
‘ as light as possible as recommended by Carboline representa=
tive.
10:15 | 76° 57 32 gallons applied on 5800 s.f.
11:15 | 80° 58 A total of 50 gallons {25 polyurethane + 25 qolvent) applied
on 7200 s.f. for prime coat application rate of 144 s.f. per
gallon. :

2:00 | 80° 50 Hazy. Prime coat tack free. Electrical resistance readings
on the prime coat avevaged 2150 ohms.

3:00 79° 46 Began mixing 20 gallons of polyurethane with 1 gallon of xylol
for finish coat application. Material mixed for seven minutes
with jiffy mixing blade.

3:20 74.° 66 20 gallons applied on 600 s.f. Copper foil strips placed 2.5'
from westerly curb at 47'=52' from southerly expansion dam and
5' from curb at 123'-128' from expansion dam.

4:10 Operation stopped after 60 gallons had been applied on 1840 s.f.
due to threatening weather. 30 pound asphalt saturated organic
roofing sheet placed on the liquid polyurethane (Celotex/
Barrett (& Type 2 shingle underlay). "Fishmouths" which develop=
ed along the edges of the roofing sheet could not be eliminated
by rolling with a 150 pound steel roller.

5:15 Work area hit by moderate rain shower. Water flowing over the
roofing sheet collected in the 'fishmouths' along the edges of
the butted sheets., Attempts to squeeze water out of the "figh-
mouths" and seal them by rolling were not successful.

8/25/72 100% cloud cover.
9:25 75° 74 Began mixing 20 gallon batch using one gallon of xylol as before.
10525 77° 71 Roofing sheet is being overlapped in shingle fashion. ''Fish-
mouths are occurring along the edges of the sheets at about the
same rate as the previous day.
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LOHNS MADE DURING APPLICATION =~ cont'
%
Time Temp Humidicy
8/25/77 cont'd
LOehS 729 70 roofing sheets did not produ
11:00 79° 68 6 to 10
in the polyuret!
L1:15 80° 67 westerly side of deck
anslon d”m to the approach sia
polyurett Shwztly after
on the at many loc
1518 arge bubbl
naller .
81° 64 Began the e side of the .
urethan sing applied sheet overlaps
to bond dpes
12:30 g5Y 59 Lpplication stopped 89 feet novth of pansion dam due
age of material. | bi along the eas
of the deck and ripples only half of &he
long sectior
9/6/77 Clear. 80°F in the sun.
1210 669 31 back on project. Dirt and dus

]
]
bl

o

D
[}

26

4100 69° 27

5:30 65° 29

COST OF PROTECTIVE MEMBR/

ANE Al

Carboline repve:e)rdt&we
o
¥

N
from primed concrete with bl@wer unit.

Copper foll strips placed £ 1
from th gaufhe?ly expansion dam.

Forty 0311 ns applied on 1196 s.f. for applicat
s.f£./gal. Membrane covered with overlapped roofin

A(,

RTEH

177' north of expansion dam to the approach
Bon-~Lastic Membrane manufactured by the Robson Co
Robson polyurethane was used to complete the dec&
long of Polytok hardner was lost in shipme
Appléfs“loﬂ complete. 215 éz1iﬂﬁ“ of Polytok Me

gallons of Bon-Lastic Membrane applied on 800 5.7
thickness of 37.4 m119= Total coverage for prime

averaged 41.6 nils.

T BTTUMINGCUS CONCRETE WEARING SURFACE

Bituminous Concr

ttment

aeLe

800 s.y. @ $4.00/s.y. = $3,200.00
Cost of prime coat = & 372.00

One-1 inch thick course
62 tons @ §7.00/ton =8 434,00
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Figure 3
L 91 southbound over Vi Rte 16

Cracks in Concerete Deck

All cracks were noted on both the surface and bottom of the d

cracks and their locations are to scale. Vertical Sc
zontal Scale 107/in.
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FIGURE 4
T 91 SOUTHBOUNI
SOUTHBROUND OVER VERMONT ROUTE 1

VYT VPO MM
POLYTOK MEMBRANE 165

e

T L
gonlastic = with
polytok without 2 inch OVBflﬁ?P@d
coofing sheet - 30 pound coo£ing
sheet "
- Mﬂw_ﬂry_‘#ﬁ_#”_*_’;ﬁ_w 15%
145" f ;
polytok with
polytok with ‘ 2 inch overlapped
2 inch overlap= 30 pound roofing
ped 20 pound sheet
roofing sheet
| :
: 89"
75"
polytok without %
roofing sheet
polytok with ‘
butted 30 pound :
roofing sheet }
1
0 e 0!
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DISCUSEION

The application of Polytok Membrane 165 on T 91 southbound over VE

factory rvepresentative on the project.

of Polyiok Membrane and znylol

thickness.

applied at the rate of 144 squarve feeb per

in the prime coat

One gallon of solvent was added to each 20 gallon batceh of p 7 ne used for

to 45 minute time 30 pound asphalt

the finish coat.
saturated organic roofing sheet was placed over the liqui

not cou ilable in the area}.

ing material recowmended by the

Shortly after application, "fishwmouths' developed at vavious intervals along the edges
the sheets, Although the sheets weve periodically rolled with a 150 pound steel
fort did not suceceed in adhering the unbonded edges.

The application was stopped due to threatening weather after 60 gallons were applied
on 1840 square feet of concrete. When showers did occcur, the water flowed under areas

sheet which were not bonded to the polyurvethane. When the application

:}
o]
5
o
[
M
i

of the roofi
commenced again 2 days later, the Carboline sevvice technicilan requested that the roof-

From

overl

the

getiing reath any unbonded edges before nent could be placed. This

sdeoen and rol-
he edges and rvol

worked sati appeaved once agaln along

Apovoximately 2360 squave feet of membrane was placed wit

page 85). This was done with the concurven

esentative when personnel involved with the paving opervation expre

concern

result in problems with the

i st coursge of

the poseibility that the "fishmouths

was also Felt that a comparison between the two methods would

bituminous pavement,

S . ER. F pe gy ey bt ot
f value in future evaluations.

& large number of air bubbles in that was not
covered with roofing sheet. 1In most cases, the bubbles consisted of a large bubble,
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treated on Sep

of the Polytok

proach slab was

at abou

did occur, the

the polyuvetha

The overa

Lo LR

[

logged over a

“he voofing

1760 square

£

feet ©

tember 6, 1972 when

hardner was

C

£ the

actual thick

ne remained

e membrane 8

reas disclos

3
)
=

the

3
ada

i

1

paver, vipples and eracks

hat

£

o
i

coat ar many locations,

concrete ou weasterly end of the deck was

additional wmaterial was received. Because
shipment, the final 560 square k oand ap-

't should be noted that wheve "fi

the membrane was veduced since approximately half of

1 prime coat, the total cover-

on Sepbemb

QU

il
e
[t

1. Alrhough no problems occurred

in the bituminous mix

the cracks had occurred over both




sde with the

7/8% compacted to nearly

Althoush the

el

1
i

have helped, many small cracks still

edd, pariticularly

roofing sheets. MNo cracks or ripples

were detected in the pavement

without o0

The final 1V course of pavement will be placed in 1973 under a future contract.
I Iy
Elecrtrical resistance readings taken on the polyurethane without ng sheet ot
pavement ranged between 2.6 million and 17.3 million ohms., Readings on the membrane with

1ot 7 million ohms whi

¢ on the membrane, roofing sheet

and

of pavement were, with one exception, between 500 million and infinity.

o

the exception was a half wmillion ohm reading taken on an area with cracks in the pave-
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POLYTOK MEMBRANE 165
191 SB over Vi Rte 16
‘ August 1972

air bubbles were noted in the

One of several areas where
Polytok and 50%

Thirty cracks ranging in length from 2’ to the full width
of the deck were noted. All cracks extended through the prime coat which consisted of 50%
Xylel. Note concrete surface texture.

full depth of the deck.

water out from under areas of the roofing sheet

Rolling out butted 30 pound asphalt saturated roofing Squeezing
which did not bond to the membrane.

sheets on the freshly applied membrane.




POLYTOK MEMBRANE 165
I 91 SB over Vi Rie 16
August 1972

Rolling out sheets lapped in shingle fashion. Note fish Rolling the roofing sheets in an attempt to bond the
mouths beginning to develop along edges. material down to the membrane.

Air bubbles and ripples in the membrane left uncovered Air bubbles and craters in the cured membrane,
shortly after application.

A0




POLYTOK MEMBRANE 165
1 91 SB over Vi Rie 16
August 1972

When air bubbles were broken open, little more than After a bubble or crater was broken open, the membrane
primer was detected on the concrete in many cases. could be peeled from the primed concrete.

shmouths in the roofing sheet were cut open on the Ripples and cracks in the first 1” course of pavement were
final area treated. caused by the roofing sheet.




WORK PLAN #11 - INITIAL REPORT
10

DURALBOND Z EPOXY

Barton BMP T 91-3 (193
v

PROJECT LOCATION

L

5.417 wmiles.

WORK LOCATION

v the County of Orleans, Vermont, beginning at the point
Yt Rte 16 southerly of Barton Village and extending northe

tion with

of intersec
rly approximately

T 91 northbound bridge over Vi Rte 16 at station 2148+16.17 - 2149496.46 in Barton

CONTROL SECTION

T 91 northbound bridge over Town Highway #40. GSee data on pages 24 to 27.

BRIDGE CONSTRUCTION DATA

Type of Structure - 3 span continuous WF
Span Lengths - 51" -« 77' - 48!

Overall Length - 176"

Curb to Curb Width - 39.33°

Skew - 13° 34"

Horizontal Curvature - None

Grade - 2.000%

Superelevation - %'"/ft

CONSTRUCTION DATA

jw]
i
[
7

Date Poured - September 17, 1971

Weather Conditions - Cloudy 40% humidity

. 0
Temperature - 66°F
Deck Thickness - 8"

Concrete Cover Over Reinforcing Steel - 2V - 2 3/47

Concrete -~ Class AA

Cement - Type L

92
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PR Yar s
DECK

CONSTRUCTION DATA < cont'd

DECK

Avoresate Size - 3/47 maximun
[l &

Air Entraining Admixture - Darex 6 to 7 oz per c.y.
Retarding Admixture Plastiment 6 oz/sack - oz/sack

Pour Sequence - North to south continuous

Finishing Method - Capital finishing machine

Surface Texnture Broomed finish

Curing = Polyethelene sheeting plus sprinkler hoses at centerline and along curbs

Concrete Test Resulfs:

Percent Alr Low 6% High 7%% 7.1% average on l& tests

Slump - Tow 3/12% High 4" 3.6% average on 13 tests

Modulus of Rupture - 916 psi average @ 28 days

CONDITION

Surface Texture - The concrete had a light to moderate broom finish from the
southerly end of the deck to a point 130 north., The remaining
area had small craters or indentations which gave the impression
that the concrere had been rained on before it had set up.
Cracks - One 15 foot long transverse crack was noted at a point 143.3"
beginning of the westerly curb.

from the

Steel Corrosion Readings - Initial readings taken on the deck averaged 0.137 volts,
indicating no active covrosion.

PROTECTIVE TREATMENT

RECOMMENDED APPLICATION PROCEDURE

Product - Duralbond 102
A 100% non-volatile epoxy bonding compound manufactured by Dural Inter-
national Corporation, 95 Brook Avenue, Deer Park, New York 11729.

- The material was ceritified to meet
ways specification for Item 372-C,

the Vermont Department of High-
Epoxy Bonding Compound.

All conerete surface contaminants must be removed by sandblasting or acid etching.
Combine one part by volume of Base with one part by volume of Hardner. Mix thorough-
ly for at least three minutes with an electric drill and apply. A one gallon quantity
has a pot life of approximately 40 minutes at 75°F. The material can be applied with
a stiff bristled brush.
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DECK PREPARATION PRIOR TC MEMBRANE APPLICATION

The deck was washed clean with water. After the concrete had dried, a 12% muriatic
acid solution was applied with water sprinkler cans. The deck was treated in three
sections to insure that each section could be properly flushed with water before
any of the acid salts could dry on the concrete. After the final section was com-
pleted, the entive deck was washed with an additional 1500 gallons of water. Spot
checdts made on the concrete with litmus paper indicated that all of the acids had
been removed.

OBSERVATIONS MADE DURING MEMBRANE APPLICATION

%
Time Temp Humidity
7/1%/72 Overcast, Alr temperaturvres recorded in shade.
9:20 78 74 Began mixing 10 gal batch. Material has very high viscosity.

pDifficult to remove from individual containers. Mixzed for 15
minutes before material appeared thoroughly mixed. Trowel
application left to thick a coating on the concrete, switched
to hard rubber squeegees.

9:55 Started raining.
10:00 10 gallons applied on 287 s.f£. along both sides of the finger
plate expansion dam on the southerly end of the deck.
10:05 Heavy rains caused the epoxy to turn a milky color making it
appear doubtful that the coating will perform satisfactorily.
7/20/72

8:15 66° Fog. Began mixing ten gallon batch. All batches mixed for 5
minutes.

9:15 63° Clear. 30 gal applied on 975 s.f. for an application rate of
32.5 s.f./gal. ligh viscosity is making it difficult to
apply a thin coat of the epoxy.

9:45 72° Received permission from the manufacturer to add % to 1 pint of
solvent per gallon of mixed epoxy to reduce viscosity and in-

o crease coverage.

30% cloud cover. 10 gallons of epoxy with 4 pints of xylol
added applied at the rate of 56.5 s.f./gal.

1150 30° 45 20 gallons applied on 1454 s.f. for an application vate of 72.7
& PI Pl
o s.f./gal L pint xylol added per gallon.
12:30 84 30 gallons applied on 2279 s.f. for an application rate of 76
o s.f./gal. Bubbles noted in coating.
1:00 85 38 20 gallons applied on 1710 s.f. for an application rate of

85,5 s.f./gal. TFirst coat complete. 120 gallons applied on
7207 s.f. for an overall application rate of 60 s.f./gal.

245 86° 35 Pegan mixing epoxy for second coat. 2 pints of xylol added per
10 gallon batch. Fivst avea treated is dry to the touch.

3:30 86° 37 20 gallons applied on 2160 s.f. for an application rate of 108
s.f./gal.
Tnspection of the first coat of epoxy at four locations dis-
closed pinholes, craters, air bubbles and bubble clusters at
the rate of from 32 to 880 per square foot. Most of the holes
did not appear to be open to the concrete.

4130 38 20 gallons applied on 1927 s.f. for an application rate of

96.4 s.f./gal. TFewer pinholes and bubbles are appearing in
the second coat.

5:00 42 100% cloud cover. 20 gallons applied on 1612 s.f. for an ap-
plication vate of 80.6 s.f./gal.
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OBSERVATTIONS MADE DURING MEMBRANE APPLICATION - cont'd

%

Time Tenp l Humidity

545 48 Application complet Final five gallons of epoxy placed over
area treated on 7/1 9/7? ?O gallonu applied on 1565 s.f. for
an application rate of 78.3 s.f./gal. A total of 80 gallons
was applied on the second coat for an overall application rate
of 90.1 s.f./gal. Flint shot aggregate was hand applied on
rhe final coat of epoxy at the rate of 0.37 pounds per s.y.

COST OF PROTECTIVE MEMBRANE AND BITUMINOUS CONCRETE WEARING SURFACE
Membrane Treatment - 200 gallons @ $40.00/gal = $8,000.00
Cost per s.y. = 5 9.99
Bituminous Concrete - One~1 inch thick course

it

59 tons @ $7.00/ton § 413,00

DISCUSS ION

Duralbond 102 Epoxy, although recommended for use by the manufacturer as a bonding
compound was used as a deck membrane because of an error in the contract specifications.

The high viscosities of the epoxy components made it difficult to remove them from
their containers. Ten gallon batches of the material were mixed for a minimum of five
minutes utilizing an electric drill and Jiffy mixing blade.

The material was initially applied with steel trowels. Because this method result-
ed in too thick a coating; hard rubber squeegees were tried. This method of application
was faster and increased the coverage per gallon.

Rain showers stopped the application after ten gallons of epoxy had been applied on
287 square feet of concrete adjacent to the finger plate expansion dam at the southerly
end of the deck. The rain on the fresh epoxy caused it to turn a milky color when cured.
The color and dull surface finish gave the impression that it might not perform satis-
factorily.

An application rate of 32.5 square feet per gallon was obtained the following day
with the first 30 gallons of material, After discussing coverage rates with the manu-

facturer, a decision was made to add one-half to one pint of xylol solvent per gallon
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of

mixed epoxy in an attempt to decrease the viscosity of the material and thereby ob-
tain greater coverage from each gallon. Subsequent application rates ranged between
56 and 85 squave feet per gallon with an overall average of 60 square feet per gallon
on the first coat. This vesulted in an average thickness of 29 mils,

Air bubbles and holes were noted in the first coat of epoxy shortly after applica-
tion. Spot checks made on the partially cured coating at four locations revealed from
32 to 880 bubbles and holes per square foot. The air bubbles consisted of individual
bubbles and clusters of a dozen or motre air bubbles. The bubble clusters were prob-
ably caused by the addition of the solvent since they did not occur in the area treat-
ed with the 100 pevcent solids epoxy. The holes in the coating appeared in the shape
of both craters and pinholes which for the most part did not appear to be open to the
concrete.

The application of the second coat began as soon as the first coat was tack free,
Solvent was added at the rate of two pints per ten gallon batch and an aggregate (Flint
Shot, 20 = 40 mesh) was hand applied at the vate of 0.37 pounds per square yard. The
application rate of the epoxy varied between 78 and 108 square feet per gallon with an
average of 90.1 square feet per gallon for a 19 mil thickness. The total coverage for
both coats was 36.8 square feet per gallon for a mil thickness of 48,

The final coat contained fewer air bubbles and holes than had been noted in the
first coat and although a few of the holes appeared to be open to the concrete, testing
with hydrocloric acid did not disclose that they were. Electrical resistance readings
were generally satisfactory averaging 1.15 million ohms. They ranged from a low of
200,000 ohms on an area with a light coat of epoxy containing more than the average
number of holes to a high of 4.8 million ohms.

No difficulties were encountered during the application of the first one inch
course of pavement. The final course of pavement will be placed in 1973 under a future
contract.

Electrical resistance readings have not yet been taken on the pavement-membrane

system.
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URALBOND 102 EPOXY
191 NB over Vi Rie 16
July 1972

Applying first coat of epoxy cut back with 5% solveni as Applying second coat at an average rafe of 90 sf/gal.
per manufacturer's recommendation. Application rafe
averaged 60 sf/gal.

Air bubbles and pinholes were noted in both coats. Note Testing with hydrochloric acid disclosed that the air
air bubble clusters in the cured epoxy coating. bubbles and pinholes were not open to the concrete.
Resistance readings were high, averaging 1.2 million.




of mixed epoxy'in an attempt to decrease the viscosity of the material and thereby ob-
tain greater coverage fypm each gallon. Subsequent application rates ranged between
56 and 85 square feet bér gallon with an overall average of 60 square feet pef gallon
on tHe‘first coat., This resulted in an average thickness of 29 miis.

Air bubbles and holes were noted in the.fifst coat of epoxy shortly after ;ppliéam
tion. Spot checks made on the partially cured coating at four locations revealed from
32 to 880 bubbles and holes per‘squafe foot. The air bubbles consistéd of Endividual
bubbles and clusters of a dozen or more air bubbles, The‘bubble‘clusters were prob=
ably caﬁsed by the addition of the solvent since they did not occur in the area treat-
ed with the 1QO percent solids epoxy. The holes in the coating appeared in the shape

of both craters and pinholes which for the most part did not appear to be open to the

concrete.
. 1
]

Thg'application of the second coat began as soon as the first coat was taék free.
Solvent‘was added at the rate of two pints per ten gallon‘batch and an aggregate (F%%pt
Shot, 20 - 40 mesh) was hand applied at the rate of 0.37 pounds per square yard. Thé
application rate of the eéoxy varied between 78 and 108 square feet per gallon with an
average of 96.1 square feet per gallon for a 19:mii thickness. The tot;1 coverage for
both coats was 36.8 square feet per gallon for‘a mil ;hickness of 48.

The final coat contained fewer air bubbles and holes than had been noted in the
first coat and although a few of the holes appeared to be open to the concrete, testing
with hydrocloric acid did nbt disclose that they were, Electrical resistance readings

were generglly-satisfaétory averaging 1.15 million ohms. They ranged from a low of

200,000 ohms on an area with a light coat of epoxy containing more than the average
Y

h (2
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number of holes to a high of 4.8 million ohms.
No difficulties were encounte?éd during the application of the first one inch

course of pavement, The final course of pavement will be placed in 1973 under -a future

contract. |
Electrical resistance readings have not vet been taken on the pavement-menbrane

system,




SUMMARY OF FINDINGS & RECOMMENDATIONS

The following discussions will cover the good and bad chavacteristics of each
_product tried to date. 1Ir is emphasized that all recommendations in this report
are very tentative since long term evaluations will be requived to draw definite
conclusions on the overall effectiveness of each product. However, recommendations
on further use have been made at this time since it is believed that products with
definite limitations should not be considered further while other products, which
appear to have better potential, ave available for evaluation.

Product recommendations are based upon the following desiveable characteristics
which would be expected in the ideal membrane system.

Minimum necessary surface preparation of the concrete.

An application suitable to most weather conditions. Not moisture sensitive,

Easy application.

Tmpervious to moisture penetration. 500,000 + ohms electrical resistance.

Not subject to bubbling or pinholing.

Adequate bond to the concrete,

Adeguate seal along the curb lines.

Sufficient flexibility to resist cracking.

Not susceptible to heat damage.

Sufficient toughness to resist damage during paving application.

Sufficient stability to resist movement during paving and under continuous traffic.

The membrane should not affect the performance of the bituminous pavement.

Resistant to age deterioration.

High ratio of service life to in-place cost,
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surface prepavation of the con-

Bon-Lasti Membran

crete but the polyuvethane is v sensitive to molsture. Close control over

wags necessan

the application

/

ad A0 wmil thickness causes the mate

pand
.
e
i
o
%

bling occurred ix membrane although exl

I The material

prove that any of the holes were open to the concrete. T

P

te curb, It appeared to have suf-

good bond to both the concrete and the grar
ficient flexibility to bridge small cracks in the deck. Electrical resist-

ance readings on the membrane were satisfactory (480,000 ohms per square foot)

but veadings taken on the completed pavement and membrane averaged only slight-

o

ly higher (650,000 ohuws per square foot). Such readings suggest that the wem-

brane may have been damaged during the pavement application. This might not
£

have happened if roofing sheet had been placed over the membrane as specified,

v, use of roofing sheet might have vesulted in problems with the appli-

course of pavement. Low electrical resistance veadings on

copper foil strips placed beneath the membrane indicate the passage of moist-

ure through the pavement and membrane at the test location. Soundings indi-

cated that the pavement was not bonded to the membrane,

IMENDATION

4 .

Further use of Bon-Lastic Membrane should be suspended until the vesults of

long term evaluation can be obtained.
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The material is not molsture sensitive and required

the concrete. The normal vough configuration of the cuvrb sections made it

o
o
P

o ¥

impossible to obtain a complete seal along

readings averaged approwimately 3800 ohms per squave foof indicating that

system allows moisture to pass through 1t. Concrete samples tfreated with the

system developed hlisters and delaminations of the individual layers when

exposed to water or freerze-thaw cycles. Concrete samples treated with tar

emulsion in the laboratory absovrbed as much water as untreasted samples.
RECOMMENDATEION

Tay emulsion and woven glass fabric is not recommended for furthey use as a

loe deck wmembrane.
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DURALKOTE 304 EPOXY
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Ak gy

S
165 does not of the
and bubbles occurved at rates in both the prime
jthough did not ko
the concrete. The polyurethane appeared to effectively al the concrete
along the critical san. Tt also appeaved to have sufficient flexi-
bility to bridge small cracks in the deck. Poor bond was noted befween
prime and finish coats in one avea. A delay in the roofing sheet applica=-
rion vesulted in a lack of bond between the sheets and the polyurethane
This in rurn led to the removal of the first course of pavement from one
deck. Where "fishmouths' occurred along the edges of the rcofing sheet,
the actual thickness of the membrane was rveduced since approximately half
of the polyurethane remained on the roofing sheet. Cracks occurred in the
first course of pavement over both the "fishmouths' and the ends of the oL
ing sheets., Electrical resistance on the polyurethane without xoof-
ing sheet vavied from an aves 60,000 ohms on one deck to over 2 million
ohms per square foot on the second deck. Readings on the membrane with roof-
ing sheet were generally satisfactory on
between 1 million and 7 willion ohms.
RECOMMENDATION

If follow-up evaluations indicate that Polytok Membrane 165 is effective Wi

£

use of the product would be

rw-

the system with roofing sheet is not recoumended.
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BEPOXY

SUMMARY OF FINDINGS

Gurface preparation vequires that the concrete be sandbl
and completely free of wmoisture. The application was re

though the ten wminute pot life could conceiva

nuwber of pinholes and bubbles occurred in coa
few weve noted in the finish coat. BRlectrical resistanc
membrane were high, avevaging 30 million ohms per square
brane remained flexible to the touch upon curing. Concre
with Duralkote 306 have absovbed less water than samples
other epoxies, polyurethanes, or tar emulsions fried to
in-=place cost was high, new application rates specified
sealers would lower the cost of this product, A single
the exposed concrete surfaces of “Church Hill Bridge™ in
bond failure shovtly efter application. The surface pre
cation procedure were not observed.
RECOMMENDATION
Duralkote 306 is recommended for fuvther use as a bridge
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BASIC TNFORMATION

emulsion was

paration

not moisture gsensitive and requives

3
i

Some difficulties were encountered in getting the

amount on the concrete along the curba. Shrinkage

noted in areas where the application was too heavy. Concrete samples tfreated

th tar enul

ion in the laboratory absorbed as much water as untreated

g

samples. Cured samples of tar emulsion gained weight when submerged in water

¥

ad " .
i tarx

Wi coat

o3

O

ftn

but did not vegain their initial flexibility. The cost of

ging about 51.50 per squave yvard, Bridge

emulsion is very low, often avera

tar emulsion have required maintenance due Lo

damage caused by chloride intrusion. Chlorides have been detected in concrete

cores taken from bridge decks treated with twe coats of

RECOMMENDATTON

The two coat tar emulsion system is not recommended for further use as a bridge

deck membrane.
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BASTIC INFORMATION

The application of Rambond 223 fpoxy was covered in an initial report,

Work Plan #3, issued in April 1972,

e
f—«

SUMMARY OF FINDINGS

Surface reguires that the concrete be sandblasted. The material

apmewhat difficult due to the

is not moisture senasitive, The application w
high viscosity of the epoxy. Extensive pinholing occurred in the single coat
system. Testing with hydrocloric acid disclosed that an average of 20 holes

per square foot were open to the concrete. FElectrical resistance readings weve
unsatisfactory averaging 5,100 ohms per square foot. The application of a

second coat of epoxy over limited areas eliminated wost of the pinholes and
increased the electrical rvegistance to an average of 45,00

observations made eleven months after the membrane application

disclosed that a number of cracks had occcurred in the coating adjacent to the

O

curbs sections., Sodium chlovide was detected in concrete corves taken from a

foy three vears priox
to the core recovery,
Rambond 223 is not rvecommended for further use as a bridge deck membrane.
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RAMCOAT EPOXY

applied on Interstate 91 Southbound over Vevmont Route 25

Al

nplication will be

e

mg covered in Work Plan #3. The 2

£

covered in an interim report which will include follow-up information gathered

on bridges treated under Work Plans #1-#3.

SUMMARY OF FINDINGS

Surface preparation requivres that the concrete be sandblasted and completely

free of moisture. The application of the two coat system was made without
difficuley using paint rollers. Although some pinholes were noted in the

first coat of epoxy, none were detected in the final coat., Electrical re-

sistance veadings averaged 1100 ohms per square foot. BSuch readings in=-

dicate that moisture can pass through the coating.

RECOMMENDATION

Further use of Ramcoat Epoxy should be suspended until the results of long

term evaluations can be obtained.
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FIELD OBSERVATIONS

Surface Preparation

Moisture Sensitive

Ease of Application

Bond & Seal at Curb

Bubbles and/or Pinholes

Electrical Resistance *

Difficulty with Pavement

Cost per s.y.

* All readings were taken on

LAB OBSERVATTIONS

Flexibility

Moisture Absorption

Elongation over Cracks

TABLE 2
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. . | ) o 1
& o
I ~ | ’ O
Q < oo
[ H Y] =] Q o | =
9 g 6 a A oe ‘ ey .
= (] o o o | — 0 o [
< w a0 U w© | ®© & <
s 3 |g,88 | 8% | 58Sy |
i ¥ ‘ g o : ) . v
0 =) [Eal [OBe] [ — » o T N
@ > 0 O © O oot o
. ‘ “ o oo 59 .
1 o | © 3 M o' O
= =8 [ &) A \ o 0
o} i = Q2
<= :
WgSh w_} Wgsh vSéndoglést- wgsh
Sweep i Sweep |Acid Etch Sweep
R e e
Yes { No Yes Yes 1
1~ EUN S A— . I - ;
Average : Average Easy Difficult
- . |
} Good Good/Poor Good i Fair
| Many None | Few/Many | Many/Few
| 480,000 | 3,940 41,000 51,600
S | . B
i No No No Yes
84..50 54,00 85.73 $9.00
|

Polytok
Membrane 165
Polyurethane

Wash
gs

Sweep

Yes

Average

Good

Few
60,000
o
7?{600,000
No

$4.50

the membranes before the pavement was applied,

Poor

3.47%

Poor

Good

1e917%

Good

\
|

» | |
; | |
e S & | g | & | o= o i’
il A O { B O © [ — e | o o~ &
A4 00 Ch | a4 | g T o 0} (Q\ o
0 0w o O = | 2 0.0 | T oo | w 4 2o
R = AT = Ao E 1 o o D |~ o] Lol o P
By @ MU o - & o o MmO - o [ o
— & 3 0 oM == Na) o & Q | o O [T N
0.0 o =t b = — Py E = [ 2 & E X
oE e « @ D © ¥ O o ‘ g K © O
g o 5 @ o 5 a° o & e
= 4 A% = A = & |
ot (] wn |
= | |
A TS N N I i - |
Wash Sand Blast | Wash Sand Blast Wash | Sand Blast Sand Blast
& or ‘ & or & or . .or
Sweep |Acid Etch | Sweep |Acid Etch Sweep | Acid Etch | Acid Etch
Yes Yes Yes No No No Yes
Average Easy Difficult| Average Easy Difficult | Easy
. . | . Ml [ -3 7 EN | S ~
Good Good Fair Good Poor Fair Fair
Unknown Few . Many/None| Few/Many | None/Few | None/Many None
1’388’000 30,000,000 Infinity|1,200,000 | No Test 5,100 1,100
8,000,000 &
Yes No Yes No No No No
$4.50 $15.26 57425 $9.99 $1.40 i $§22.15 $1.32
4 |
Good Good Good Poor Fair Poor Fair
== 0.52% -- 1.04% - - -
Good Fair Good Poor Poor Poor Fair




	1973 - 01 National Experiment and Evaluation Program Bridge Deck Protective Systems - Initial Report
	1973 - 01 National Experiment and Evaluation Program Bridge Deck Protective Systems - Initial Report - Part 2



