OFFICIAL DOCUMENT

DO NOT REMOVE FROM THE
RESEARCH OFFICE

Thin Overlay

Naches River Bridge 82/115S
Yakima River Bridge 82/114S

WA-RD 148.1

Post Construction Report
January 1989

| A :
7- Washington State Department of Transportation
" Highway Division

Bridge and Structures
Transportation Building KF-01
Olympia, Washington 98504-5201

in cooperation with the :
| United States Department of Transpo*\ ation
| Federal Highway Administration -



WASHINGTON STATE DEPARTME#\IT OF TRANSPORTATION

TECHNICAL REPORT STANDARD TITLE PAGE

&,

REPORT NO. 7 CONERNMENT AQCESSIoN 1O, 3. REGIPIENT'S CATALOG NO

WA-RD 148.1

TITLE AND SUBTITLE - T 5. REPORT DATE

Thin Overlay January 1989

Naches River Bridge 32/1158 [ & PERFORMING ORGANIZATION CODE -
Yakima River Bridge 82/114S !

o e . .
AUTHOR(S) i 8. PERFORMING ORGAMIZATION REPORT NO

Tom H. Roper and Edward H. Henley, Ir ;

10 WORK UNIT NO.

Washington State Department of Transportation F 11 CONTHAGT OK GRANT NO

Transportation Building 5 WA 36-04, WA 86-05
Olympia, WA 98504 '

793 TYPE OF REFORT AN PERIOD Covered T T

16.

17 KEY WORDS

SPONSORING AGENCY NAME AND ADDRESS .
Post Construction

Same January {989

“11. SPONSORING AGENGY CODE

SUPPLEMENTARY NOTES

The study was conducted in cooperation with the U.S. Department of Transportation,
Federal Highway Administration

‘ABSTRACT

The Washington State Department of Transportation will be conducting experimental field
testing of several selected polymer concrete thin (1/4 inch) overlays over a ten-year
period. The polymer concrete material i§ manufactured by private industry firms and
installed on selected bridge decks under standard WSDOT construction contracts.
Approximately 21 bridges will be involved in the experiment; eight of these are included
in federal participating projects as experimental features.

The polymer concrete thin overlays were applied to the decks of the Naches River
Bridge 82/1155 and the Yakima River Bridge 82/114S under Contract No. 3131, SR 90 and
SR 82, Cle Elum Interchange to Terrace Heights. Both bridges are steel truss bridges
located on SR 82 just outside Yakima, Washington.

Both the epoxy overlay and the methyl methacrylate overlays were versatile products to
apply under difficult traffic control conditions. Starting and stopping the various pours to
accommodate opening and closing of lanes for traffic proved satisfactory, To the extent
possible, work was performed at night when traffic was light. All three lanes were then
opened to traffic in the early moming to accommodate peak traffic conditions.

18 DISTRIBUTION STATEMENT

i
Thin overlay, polymer concrete, !
bridge deck repairs |

I
19. SECURITY CLASSIF. (of this report) 20. SECURITY dLASSIF. (ol this page)

1 21 NGO OF PAGES i 22 PRICE

| ‘ ‘
I

]

|

Unclassified Unclassified 52

FORM 310 022
DOT (11:88) 1216-




TABLE OF CONTENTS

VIcinity Map «.oee e P erearananae
Introduction ... i i, .. Cet et teieeeiecaraaan
Study Site .. ... 0uuunnnnn.... cemeaanens ettt ettt e e e eneaa.
Construction Summary, Naches River Bridge 82/1155 ... ivvvrunnnnnnnn..
Construction Summary, Yakima River Bridge 82/114S .. ............. Ceres
Test Results...............oouivna.... S eriesaeecaans - teraraaaean
Conclusions and Recommendations . ...... . teerana teeteseraeaaas
Appendix A (Total Experimental Project Design) «....uviineevnnnnnnnn...
Appendix B (Project List and Test Plan) ........vveeennnnnnnnno ...
Appendix C (Test Results) c.u.vvuuuunninsennnnnnnnn ceienn .
Appendix D (General Layout) ............... Ceermanas Cereeiaiaiaa.

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

Page

13

14

16
19
22
43

46



The contents of this report reflect the view of the author(s)
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INTRODUCTION

These are the fifth and sixth bridges in a series of eight federal participating
bridge deck overlay projects using thin polymer concretes. Each deck in the series
will be constructed using a different commercially available polymer concrete
system. Each deck will be monitored over a ten-year period to evaluate the long-
term performance. A description of the total experimental project design can be

found in Appendix A.

STUDY SITE

General

The polymer concrete thin overlays were applied to the decks of the Naches River
Bridge 82/115S and the Yakima River Bridge 82/1145 under Contract No. 3131,
SR 90 and SR 82, Cle Elum Interchange to Terrace Heights. Both bridges are steel

truss bridges located on SR 82 just outside Yakima, Washington.

The normal delamination and spall repairs were followed by the application of a
thin PC overlay {%-inch), The PC overlays were commercially available
proprietary products. Contract documents specified the proprietary system each

bridge was to receive, and the work was done under a standard WSDOT contract,

Naches River Bridge

There were many transverse and pattern cracks on the existing deck, Fifty-three
percent (53%) of the chloride samples had values greater than 2.0 lbs. per cubic
yard. Delaminations averaged 1.1 percent of the deck. Thirty-three percent (33%)
of the half-cell tests had readings greater than 0.200 volts. Approximately
% percent of the deck had concrete cover over the deck reinforcing of less than one

inch, Approximate average rutting measurements were 3/16 inch. The deck is
40 feet wide and 284 feet 4 inches long for a deck area of 11,373 feet2.



Yakima River Bridge

The existing deck of this bridge had many long, leaching, transverse, and pattern
cracks. Sixty-six percent (66%) of the chloride samples had values greater than

2 lbs. per cubic yard. Delaminations averaged 1.4 percent of the deck area.
Forty-eight percent (48%) of the half-cell tests had negative readings greater than
0.200 volts, Approximately 22 percent of the deck had concrete cover over the
deck reinforcing of less than one inch, The average rutting measurements were
1/8 inch. The deck is 40 feet wide and 284 feet &4 inches long for a deck area of
11,373 feet?2,



CONSTRUCTION SUMMARY
NACHES RIVER BRIDGE 82/1158
EPOXY OVERLAY

Description of Installation Procedures

Friday, July 10, 1987; Saturday, July 11, 1987:

In order to minimize traffic disruption, work on both bridges was done at night over
several weekends, The prime contractor for the project was Hamilton

Construction Company, and the thin overlay subcontractor was David A, Mowat

Company.

Work began on the Naches Bridge at 8:00 p.m. on Friday. July 16, 1987, The deck
was cleaned with a shotblaster in the left lane from 10:00 p.m. Friday to 2:00 a.m,
Saturday. The project engineer's inspector and two field representatives of

Adhesive Engineering Company, the system supplier, agreed that the cleaning was

satisfactory.

First, epoxy primer was put down the full length of a lane (14 feet wide by 280 fect
long). The contractor waited until the primer became tacky and then immediately
began the application of epoxy followed by broadcasting of the aggregate Fpoxy,
Concresive 3070, was mixed in 5-gallon buckets with a paddle on the electric drill,
then poured on the deck and spread with squeegees. Workers began spreading
aggregate with sand pot and air hose, but abandoned that program after
approximately 60 L.F., and went to hand broadcast of aggregate The first lift was
completed at approximately 4:30 a.m. Saturday. The contractor tried a power
broom to remove excess aggregate, but there was too much pick of aggregate from
the epoxy matrix. He tried a hand broom, but elected to give that up until the sun
came up to give further cure. He resumed the hand broom at 7:00 a.m. Saturday
and began the second lift of epoxy shortly thereafter. The second lift was
completed at 9:10 a.m., and the contractor gave the okay to broom at 3:30 p.m.

The roadway was opened to all three lanes of traffic at 4:30 p.n. Saturday.



Saturday, July 11, 1987; Sunday, July 12, 1987:

The middle lane was shotblasted clean from shortly before 8:00 p.m. until
11:00 p.m, Saturday. The contractor began the second epoxy overlay at 12:10 a.m.
Sunday. Procedures were the same as those used for the first lift, except all
aggregate was hand broadcast. When the second lift was completed. the contractor
started brooming with a power broom, but not enough cure had occurred. Workers
hand broomed the remainder of the deck, finishing at 5:30 a.m. The second lift of
epoxy was completed at 7:30 a.m. All lanes (three) were opened to traffic at
[:15 p.m. Sunday, July 12, 1987,

Saturday, August 1, 1987; Sunday, August 2, 1987:

Shotblast cleaning was completed at 10:10 p.m. Saturday. The contractor began
applying primer at 10:15 p.m. Saturday and completed the first lift of aggregate in
the right lane at 11:30 p.m. Saturday. He began the second coat at 1:45 a.m.

Sunday and completed at 3:00 a.m. Sunday. All lanes were opened to traffic at
9:15 a.m. Sunday.

All application procedures were the same as those used for the previous lifts

Epoxy was squeegeed and aggregate was broadcast by hand.

By getting the first lift down sooner than the pours of July 10, 1987 through
July 12, 1987, the contractor had the advantage of warmer cure temperature and

consequently was able to get the second lift going sooner, thus reducing the overall
construction time.

Construction Time for Installation

This bridge has a total of three traffic lanes in one direction. One lane was
shotblasted and epoxy overlaid in one evening, and all lanes were opened to traffic
the next morning. Work was accomplished on the weekends. Three evenings were
necessary to complete the entire deck of the bridge. For one lane of
approximately 3800 square feet, the application of the primer took approximately
30 minutes. The first lift epoxy and aggregate took about one hour to place,

followed by two hours' cure time. The final! lift of epoxy and aggregate took



approximately 1% hours to cure. The entire system was left to cure for about six

hours before opening to traffic. Air temperatures were around 60 degrees F.

Quality Control Performance of the Contractor

Contract special provisions required that a manufacturer's representative be
present on the job during installation, Adhesive Engineering Company, the thin
overlay system supplier, had two representatives on the job to advise on application

procedures.

On the first lift of epoxy, after the initial broadcasting of aggregate, there were
dark and shiny areas indicating insufficient aggregate. The contractor corrected
this by broadcasting additional aggregate on these areas before the epoxy had
begun to set. Aggregate arrived on the job in 2500-pound bags. Excess aggregate
that was broomed off was recovered and reused.

Special Construction Procedures or Construction Problems and Any Remedial

Actions Taken

One major problem was the contractor's inability to complete and open all three
lanes to traffic at the time specified in the contract. To correct this, the
contractor had to accelerate his program at the start of the evening when air and
deck surface temperatures are warmer, to avoid the problem of poor cure

temperatures typical of the pre-dawn hours.

Before proceeding with later pours, a pour schedule was requested to show work

being completed within the contract time specification.

Upon completion of the overlay, the entire surface was chain dragged. Minor
delamination areas were found. Upon removal of these areas, the delaminations

were found to be in the existing deck and apparently were areas missed when the
deck repair was performed,



Personal Observations

The shotblast machine was small, approximately 20 inches wide with 16 inches
being effective, but did a very good job of cleaning. The key with these units is to

go slow enough to get it right the first time,

Good uniformity of aggregate placement was obtained using the sand pot. The
contractor abandoned this because it was too slow, but this could be solved using

two larger pots. One could be charging while the other is discharging.

Epoxy placement could be started at one end of the deck while deck preparation
and cleanup are still in progress on the far end. The contractor should take

advantage of cure temperatures before the temperature drops at 4:00 or 5:00 in the

morning.

The contractor estimated that cure time would be cut by 50 percent if the overlay

were placed during warmer daylight temperatures.



CONSTRUCTION SUMMARY
YAKIMA RIVER BRIDGE 82/114S
METHYL METHACRYLATE OVERLAY

Description of Installation Procedures

Sunday, July 12, 1987; Monday, July 13, 1987:

The middle lane of the deck was cleaned with the shotblast machine from 8:00 p.m.
to 10:00 p.m. Sunday, then blown clean with an air hose. The contractor began
placing primer, Concresive 2042, at 10:00 p.m. Sunday. The primer is usually

applied with a spray gun, but this was plugging, so a painter's type roller was used

instead.

The contractor began placing concrete at 10:40 p.m. Sunday, batching out of two
4 cubic foot mortar mixers (paddle type), mixing 1.8 cubic feet/batch and

transporting to the deck in wheelbarrows, The mix was composed of:

Concresive 2020 Part A (liquid)
Concresive 2021 Part B (bagged)
Concresive Activator Part C (powder)

Steilacoom sand

The lift was screeded 6 feet wide, using %" x 3" x 20' long steel plates for forms.
The rnaterial was hand screeded with 2 x 4s in a saw action. The contractor's
foreman explained that doing only a 6-foot pass at a time minimized overruns due
to irregularity of the deck. At 3:30 a.m. Monday, the crew had completed the left
6 feet of the middle lane (6 feet x 280 feet) and approximately 200 linear feet of
the right 6 feet of the middle lane. Shutdown occurred at 3:30 a.m. because the
contractor had previously advised that the material required 2% hours of cure time
and the specs required a 6:00 a.m. opening to traffic. The partially complete
.overlay in the middle lane was sawcut at the terminal end of the pour, blown clean,
and opened to tratfic at 6:00 a.m. Monday.



Friday, July 31, 1987; Saturday, August 1, 1937:

Cleaning procedure was the same as that used on the previous day. Priming began
at 10:10 p.m. on the remainder of the middle lane that was not completed July 13,
1987. The primer spraying was tried again, but was too slow, and roller priming
was resumed at 10:25 p.m. Friday. The crew started placement of the remainder
of the middle lane at 10:45 p.m. and were finished at 11:30 p.m. The contractor
started placement of overlay on the left 6 feet of the right lane at 12:30 a.m.

Saturday. The same mixing and delivery procedures were used.

The contractor tried a "clamp on" vibrator on a 2 x 4 screed, but it performed
inconsistently and was soon discarded. He then went to a 2 x 4 straight pull strike

off followed by a 2 x & saw action finish screed.

Two 6-foot passes of the right lane were completed in this manner at 4:55 a.m.
Saturday. The far right | foot was then completed by hand trowel at 6:30 a.m., and
the project was opened to three lanes of traffic at 7:30 a.m. Saturday.

Sunday, August 2, 1987; Monday, August 3, 1987:

The deck was cleaned by shotblast. Priming of the left lane began at 9:35 p.m.
Sunday. The contractor began overlay of the right 6 feet of the left lane at
10:30 p.m. Sunday. The same screed procedure was used as previously. The same
mixing and delivery procedures were used as for the previous overlays, except the
mix was screened from the mortar mixer into wheelbarrows to get rid of lumps
that had appeared in previous pours (approximately 3/8-inch screen). At the start
of the pour, a finisher tried a float, but it was too sticky and was quickly
abandoned. Another variation: throughout the pour the contractor very liberally
sprayed Concresive 2020 immediately in front of the finish screed. The contractor
finished the first 6-foot pass approximately at midnight, began the second 6-foot
pass at 12:15 a.m. Monday, and completed the far left | foot at 2:45 a.m. All lanes
were opened to traffic at 5:40 a.m. Monday.



Construction Time for Installation

Placement time averaged 575 square feet per hour. Cure and clean times averaged

2% hours. Air temperatures ranged from 50 degrees to 72 degrees.

‘Quality Control Performance of the Contractor

The prime contractor and system supplier had representatives on the job at all

times.

The first pour resulted in an irregular riding surface (a "choppy" ride). This was
called to the attention of Adhesive Engineering Company during the pour and
corrective action was requested. A “clamp on" vibrator was tried but did not
accomplish much. A supplier representative felt the increased weight of a 2 x 6
screed board with the vibrator attached would give a better ride; however, the

subcontractor's foreman elected to continue with his previous method.

The state inspector informed the supplier's representative that the specs give the
representative control of mixing, placing, and finishing procedures, but he declined

to provide direction to the contractor other than for mixing proportions.

Also, the state inspector questioned the supplier's representative about spraying
compound on top of the overlay ahead of the screed. The suplier's representative
indicated that this was not detrimental and that it improved workability and finish.

The finish did improve as the job progressed.

Special Construction Procedures or Construction Problems and Any Remedial

Actions Taken

Upon completion of the overlay, the entire surface was chain dragged. Minor
delamination areas were found. Upon removal of these areas, the delaminations

were found to be in the existing deck and apparently were areas missed when the

deck repair was done.

During the winter of 1987, after the overlay had been in service, it was observed to

have a number of worn spots. While the overlay did not appear to have worn down

-10-



to the substrate deck, it had lost most of the aggregate in several wheel path areas
and had a very slick appearance. It was quite apparent that the initial MMA
overlay was not performing satisfactorily and needed to be repaired. Repairs were
deferred to the following summer when weather conditions would be more

favorable.

The contractor proposed the following repair procedure, which was accepted by the

state:

Step 1) Sawcut the perimeter of all worn/bare/low spots on the deck. The cuts
should be far enough away from the problem areas to ensure that the
% inch minimum thickness is being maintained.

Step 2) Prepare all areas within the sawcuts to provide a minimum of %-inch

deep overlay and then sandblast the surfaces.

Step 3) Apply Concresive 2042 primer to the clean and prepared surfaces and

allow it to cure 10 to 40 minutes (approximate).

Step 4) Apply the Concresive 2020 as originally used in the overlay to the

proper grade and thickness.

Bridge 82/114S was repaired on September 13, 14, and 15, 1988, by David A.

Mowat, subcontractor for Hamilton Construction Co., prime contractor.

The technical representative from Adhesive Engineering was on the job site

throughout the repair.

Repair Areas

September 13, 1988 left lane 201 square feet
September 14, 1988 center lane 5.5 square feet
September 15, 1988 right lane 435 square feet

The technical representative stressed that the material should be placed at a depth
of 3/8 inch.

11~



The Concresive 2042 primer was cured 45 mintues before placing the
Concresive 2020. The roadway was normally opened to traffic one hour after
placement of the Concresive 2020 overiay.

Personal Observations

The Wheel-a-Brator cleaning machine did a good job.

Some delaminations were repaired. All were in underlying deck and none were
larger than one square foot.

The technical representative advised that the ideal temperatures for placing this

material are the 40s and 50s.

-12-



TEST RESULTS

Naches River Bridge

Bond test results met the minimum specifications of 300 psi or failure in the bridge

deck Portland cement concrete,

Nine friction tests were conducted. The friction number ranges were 45 to 63,
with the average being 53. Contract specifications require a minimum of 50 for

the epoxy overlay. Friction was therefore considered satisfactory.

Only two resistivity values were below 100,000 ohms; 70 percent of the values were

above 250,000 ohms. The resistivity values are therefore considered satisfactory.

Yakima River Bridge

Five of the ten bond pull-off tests broke in the methylmethacrylate overlay.
Specifications required the average bond strength to be a minimum of 300 psi or
failure in the bridge deck Portland cement concrete. Only one of the breaks in the
methacrylate (PC) met the minimum 300 psi strength. The other five breaks
occurred in the old concrete or the pipe cap adhesive.

Nine friction tests were conducted. The values obtained in October 1987 ranged
from 28 to 39, with the average at 31. Contract specifications required a minimum
of 45 for the methyl methacrylate, Subsequent friction tests in March 1938
indicated a range of 43 to 55 with the average at #9. This increase from the
earlier tests suggests that as the polymer is worn away under the first few months

of traffic, sufficient aggregate is exposed to produce acceptable skid resistance
values.

Contract specifications required that 70 percent of resistivity test readings should
be above 250,000 ohms, with no single reading less than 100,000 ohms. Only one
reading was less than 100,000 ohms. The resistivity values are therefore
considered satisfactory.

-13-



Good friction tests are necessary for vehicle traction on the overlaid surface,
Good bond is necessary for the product to adhere to the existing surface. Adequate

resistivity values indicate good resistance to the further intrusion of moisture and
salts,

CONCLUSIONS AND RECOMMENDATIONS

General

Both the epoxy overlay and the methy! methacrylate overlays were versatile
products to apply under difficult traffic control conditions. Starting and stopping
the various pours to accommodate opening and closing of lanes for tratfic proved
satisfactory. To the extent possible, the work was performed at night when traffic

was light All three lanes were then opened to traffic in the early morning to meet
peak traffic conditions,

Naches River Bridge Epoxy Overlay

This overlay procedure uses squeegees to lay down the epoxy binder, followed by
hand broadcast of the aggregate. Power mixing is not necessary. Application is
labor intensive, but relatively simple. The construction process, degree of quality
control necessary, and the versatility of the materia! to staging of construction to

accommodate traffic all make this product satisfactory for deck overlays.

Yakima River Bridge Methyl Methacrylate Overlay

As specified by the manufacturer, this material must be laid by the screed process,
rather than squeegee followed by hand broadcast of the aggregate. The
construction process is versatile and the material cures quickly and is well adapted
tor stage construction to accommodate traffic control. The screed process has a
quality control problem with smoothness of ride and skid resistance. The skid
values were initially below required values but tended to increase to acceptable

values as traffic wore some of the polymer away from the surface aggregate,

-14-



From rutting measurements and cores taken in the wheel path areas where very
little aggregate was retained after several months of traffic, it was concluded that
the slick "bare" areas resulted from the completed overlay being significantly less
than the required minimum %-inch thickness in some areas. This suggests that
selecting the location of the screed bars is critical for thin overlays and that a
thorough check of the screeds by use of straight-edge measurements to ensure

proper overlay thickness is essential to proper overlay placement and performance.

It is suggested that more control of the installation procedures be exercised prior
to and during the actual construction. There seemed to be a lack of expertise on

the part of the contractor concerning planning and execution of his activities.

4:BR-2
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APPENDIX A
TOTAL EXPERIMENTAL

PROJECT DESIGN
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TOTAL EXPERIMENTAL PROJECT DESIGN

General Background

Over time, the top few inches of a concrete structure can become contaminated
with salt from a saltwater marine environment or from deicing agents used during
the winter months. This condition destroys the passivity of the reinforcing steel
and provides a favorable environment for the development of corrosive anode-
cathode relationships on the surfaces of the reinforcing steel. The salt and
moisture in the concrete serve as the electrolyte. A reinforcing bar will corrode at
the anodes, with the rust expanding and cracking the concrete. Delaminations and
spalls occur in the deck with resulting deterioration.

Latex modified concrete (LMC), low slump dense concrete {LSDC), and asphalt
concrete with waterproofing membranes are the most common systems being used
for bridge deck overlays to restore deteriorated decks and to help prevent further
penetration of chloride into the deck concrete. These systems add extra weight to
bridges. In addition, the latex modified and low slump concrete overlays require
careful quality control during construction and generally require 96 hours of cure
time before traffic can be restored to the structure.

In recent years, polymer concrete (PC) in the form of 1/4-inch thin bridge deck
overlays has shown promise of providing a long-lasting, maintenance-free deck
protection system. It is impervious to the penetration of salt, can be constructed
with relative ease and with relatively simple construction equipment, allows traffic
to be restored within 1 to 12 hours, and provides good skid resistance, During
construction, no scarifying is necessary; therefore, there is less potential for
debonding and damage to rebars., These polymer concretes have a cross-linked
polymer which replaces Portland cement as a binder in a concrete mix. Epoxy
resins are commonly used in polymer concretes, but much attention has also been
focused on the use of vinyl monomers such as polyester-styrene, methy!
methacrylate, high molecular weight methacrylate, furane derivative, and styrene.
Since the polymer constitutes the continuous phase, behavior of the PC will be
determined by the specific polymer used.

Purpose

The purpose of the experimental project is to gain knowledge about field
installation techniques and procedures and to assess the performance and
effectiveness of the PC thin overlays over time,

General Project Description

WSDOT has selected eight federal aid and 13 state-funded bridges needing deck
rehabilitation and protection. The normal delamination and spall reapirs will be
followed by the application of thin PC overlays {usually 1/4"). These PC overlays
will be systems marketed by private industry. The work will be done under usuat
WSDOT contracts. It is anticipated that separate contracts will be necessary for
each bridge. A number of different PC systems will be used on the bridges.
Contract documents will specify what type of system each separate bridge will
receive. A total of approximately 130,000 ft2 of bridge deck will be involved in
the FHWA experimental feature project portion of this study.

-17-



Installation of the PC overlay for the bridge deck will be per the manufacturer's
recommendations, Contract documents require that a supplier's  field
representative be present during installation of the system. Complete records of
field observations, testing, and subsequent monitoring will be maintained for each
installation with emphasis on the cause and resolution of problems which may occur
during any phase of the project. The district field office will be asked to submit an
end of construction report on the installation.

Annual inspections and testing of the experimental feature projects will be made
over a ten-year period. The WSDOT Materials Laboratory will have responsibility
for ali field testing and for reporting on ail field activities. See Appendix B for
scheduled testing and reporting,

Control Section

The final performance evaluation report for each thin overlay application will
include a comparison of the installation techniques and procedures with those for
the latex modified and low slump concrete overlays. Likewise, the effectiveness of
the permeability for deck protection and length of service life will be compared to
the LMC and LSC overlays in similar environments and service conditions,

The current "Bridge Deck Program Development" includes research for "Evaluation
of Concrete Overlays for Bridge Applications.” It is intended to utilize to the
fullest extent possible the data collected and analyzed in that research as the basis
for comparative evaluation of the overlays in this experimental feature project.

Tests

Annual inspections and testing of each bridge will be made over a ten-year period,
The testing will include: 1) friction measurements for skid resistance of the
overiay surface; 2) electrical resistivity for waterproofing effectiveness; 3) half-
cell for corrosion activity; 4) chloride content for intrusion of corrosive chiloride
ions; 5) pachometer for rebar depth; &) pulloff for bond strength; and 7) visual
inspection for detection of surface deterioration such as cracks, spalls, or

delaminations. The schedule upon which each of these tests will be performed is
shown in Appendix B,

Rep_orting

A post-construction report will be issued within 90 days of the completion of the
construction project. Annual Form 461 reports will be submitted through the
WSDOT Research Office to FHWA summarizing the performance of the overlay.
The testing results for each year will be reported to the Research Office with a
brief letter report summarizing any observations or conclusions that can be made
at that point. A final report wil! be issued at the end of the evaluation period.
This report will contain all of the observations, test results, and conclusions from
the study along with any appropriate photographs.
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APPENDIX B

PROJECT LIST AND TEST PLAN
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THIN OVERLAY EXPERIMENTAL PROJECT +
TESTING AND ANALYSIS COSTS PER AVERAGE 13,000 £t.2 BRIDGE

Responsible Work Pre- Post- Year*
Unit Item Construct. Construct. 1 2 3 4 5 [3 7 8 9 10 Totals

HQ ML Friction Testing {1 hr} (1 hr) (i hr) (1 hr} (1 hr} (1 hr} (1 hr) {1 hr} (1 he) (1 hr} {1 he)

{x hrs) at $100/hr $ 100 $ 100 § 110 § (21 $ 133 0§ 14 % 16l $ 177§ 195 $ 215 § 237 5 1,695
HQ ML Electrical

Resistivity (6 hrs) (6 hes} (6 hrs) (6 hrs) (6 hrs) {6 hrs) (6 hrs)

{x hrs) at $108/hr § 648 $ 648 S 713§ 734 $ 948 $1,147 $1,527  § 6,415
HQ ML Half-Cell Testing (8 hrs) {1 hr) {1 hr} {1 hr)

(x hrs) at $108/hr $ 264 § 131 $ 192 $ 255 5 i,442
HQ ML Chloride Testing (2 hrs) (1 hr) (1 hr) (1 hr)

(x hrs) at $108/hr § 216 $ 131 § 192 5 255 % 794
HQ ML Rebar Depth {2 hrs)

(x hrs) at $1G8/hr 5 216 § 216
HQ ML Bond Testing (2 hrs) (2 hrs) (2 hrs) (2 hrs)

(x hrs} at $108/hr § 216 $ 216 S 262 $ 510 § 1,204
HQ ML Visual Observation (2 hrs) (2hrs} (2 hrs) (2 hrs) (2 hrs} (2 hrs) {2 hrs)

{x hrs) at 5108/hr $ 216 $ 216 § 238 § 262 5 317 $ 384 $§ 510§ 2,143
*#*#HQ Br,  Analysis & Report
Branch &  Writing {40 hrs) (8hrs) (8hrs) (8hrs) (4¢hrs) (Bhrs) (4hrs) (Ehes) {4 hrs} (4 hes) (40 hrs)
ML (x hrs) at

$27.50/hr 51,100 $ 220 0§ 22 & 266 § 147 0§ 322 5 177 % 389 § 24 $ 236 82,599 8 5,903

TOTALS $1,296 $2,280 $1,400 81,303 51,957 5 280 $1,733 § 338  $2,481 $ 409 § 451 45,884 $19,812

TOTAL CONTRACT FUNDING muuu.\.m -3,576

* [0% Annual Inflation Rate Assumed.

** Field data reporting will be by Materials Lab (ML).
Analysis of data and final report by Bridge Branch.

&:BR-2

TOTAL EXPERIMENTAL PROJECT FUNDING

318, 73%
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APPENDIX C

TEST RESULTS
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NA&CHES RIVER BRIDGE
B2N1155
CONTRAZT 3131

TESBTING REGUIREMENTS

Fost
oonst
1987 1988 1989 1990 1921 1992 1993 1994 1995 1994 1997
FRICTION 1o/87 3/68 H b b W " ® " b b
RESISTIVITY 9/87 8/88 W ®” M “
BOND 2,87 B/88 M e
HALF-CELL o ® W
CHLORIDE P e
# = To He Tested
Br o dge
Orientation
i
Y
. NACHES RIVER BRIDGE
Y 82/1158
kY
\\
kY
8T 5TA

LE 95+5

LE SG+4

\
TO YAEIMA A
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Fage 2
EOND TEST RESULTS
MACHES RIVER BIDGBE 82-115%

Year Station OffsetX Depth Load PSI  Comments

BAFS = 55+94 4 174" 12851 220G ) 1007 Break in old cono
55+98 & 174" 1250 398 DITTO
5565+591 29 F16M 12251 I90 BITTO
S6H+57 11 S/16" 1150 366 Break in pipe cap adhesive
S56+B% x4 314" 1775 ) &5 | 100% Break in ald oone
57405 7 3/186" 1130 ] Zes| DITTH
S7+30 =% /18 | okokdok | okl | No break ~ damaoged by traffic
S7+54 11 174" 1000 318| Break in pipe cap sdhesive
27+85 ] 178" 1 Wfokok | dkolok ] Mo break - damaged by traffic
o8+07 W 5 S/1HY 1O75 ) 2421 100% Ereak in old conc

19886 SO+75 31 LY V- 12001 287 Q0% Break in old conc
ob+61 4 /14" 1250 3981 100% Rreak in old con:o
57+39 0 is/g" 1175 3741 DITTOG

ANCOTE: Offset is feet right of left curb ahead on station.
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FRICTION TEST RESULTS
NACHES RIVER BRIDGE 8Z/1155%

DATE DIR FN AVE RANGE DATE DIR FN AVE RANGE

107,87 <, =
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&5 o3 45-565

1
=
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o9 467 A= )




Fage 4

WHEEL RUT MEASUREMENTS

NACHES RIVER BRIDUE 82/1155

GuTsSIDE
STATION LANE
DATE WHEELFATH LEFT RIGHT
G888 S55+40 afls /14
55+75 TS N 17¢
SH+0O0 DAl A 178
SH+25 H5F14 174
S6+G0 Al 178
SH+HT D TS 178
G700 T T 2516
ST+25 il lé 1754
=S7+50 S8 174
S97+75 AlG 174
S5B8-+00 /8 174
o08+25 174 S 1é
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Fage 4
ELECTRICAL RESISTIVITY TEST RESULTS
NACHES RIVER BRIDGE 8X/1155
SEFTEMEBER, 1987

S 10 15 ¥ E 30 35

o
I+
[11]

-
m

o5+58

SE+&D 2.4M 4mM M P H Z.8M Z.2M
SC+&S 1.1iM 1.2M 4008 I P oM 1.7
S+ T70 2%0 &M 1ESE P N 10M 2.BM

55+7% 2. EM AM g41 4 3 S.TM 2.4amM

]

ZE+ED W * 1.4M b 3 P T.IM

ToaRE % I.BM SO 3 i T.7m =.7M
EE+D0 &M 1.2M TEON b I 1.8M 1.7M
TS+ 95 Z.5M ¥ 330K P i 1.2M 1.5mM

SL A+ Z.0M GIOE &0 b ¥ 4.0M 1.4mM
il & Z.6M 1.1 ¥ b F7OK M N
&1 17 &M A i B GO0k 1.4M
= 2 Aam R RN o 1.4m b i Z.1HM oA

B S0k 70, W b 4.5M Toar

e C A # 1.1 1 5 1.2M |

SE4+ 0 1.0M IERY &7 0H s ¥ 1.7 1.1M
TE+IE o 1.68M R0 ¥ v 750 1.0

S+ do &M 1.1mM DO = i FO0Y 1.69M

n
rr
k
I
on
i)
[
s
=
[in}
A
[
[
3
g
o

SE+E5 M 410Gk Ltal ¥ w IEM 1.20M

It

Infinite Resistance

® = Had reading — mzter won't stabilize.

-2.7~




ELECTRICAL RESISTIVITY TEST RESULTS
NARCHES RIVER EBHIDGE BZ/ 1155

SEFTEMEEFR, 1787
CONT IMNUED

B h o L0 4M JEOY LAk v ¥ #* &1 0,
SEAET 1.0M 1.1M 47 Cb i i Y 2.7
TEAE+TO ZO0K 1.6M FAOK ¥ > oM 1.0

SEHE4+TS SErk 1.0 TR F : 10

rn
n
z

Se+B0 1.0 L.&M ZrEe 3 i e &T0F

Al St
Ses Z.4m em ZEOH x : t.em eoor
SL+S0 2.6M 0 1.EM 20K i 2 1.7 200k

u

T e 1.0M 1.9M &1k

I3

S0 I50E GOk 480k b E70k 1.7H
LT+0S 1 &40k ASGH Rl T
5710 SOk 2.7M 2EDH bt H =.Br 5]

STH1T D.7M ZUEM S0 x g DM TEG

BEAE0 40K Z.8m AT0OH b5 A& L2
57425 TEOK FTOR SO0 b 1.5 SaDH

BTG 1.5 Z.1M e40 - : 1.2 NG
S7+25 1.1H &.4ar SISO ¥ % =104 b

S T TLEM 2.2H &0 b RisTa 100

1
|

+
<3
fn
1
ﬁ
[at
0

4804 i = gk Took

L BT W * B0k v =0 1. &

L

e

Infinite Rezsictance

¥ = Rad reading ~ meter won’t ctabili

it

Lealk to bond test drall hole
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Faae &

L7+50
57+55
= o
STALD

P

57-} T

ELECTRICAL RESISTIVITY TEST RESULTS
NACHES RIVER BRIDGE 8Z/115%

SEF TEMEER, 1987
CONTINUED

S 1G 15 M ¥

30

Ay 1.5M - =M b
M i A7 0N
Z.T7H 1.1M &0k

a4mM Z.2M RS

4.EM =1y £10kK
.M =14l 2.7H 5
&M Z.5M T.0M

&M Sqok 2.9M

7H Y 2.3M

2. 4M &Gk 1.2M ¥

- ~
4. 0M &M =, &M
1,54 TN o) SO

1, O &0 SE O

1.2 1.1M LT

IR i Z. &M 15K
=M RO N i A

1.2M

7EOK

[={813]5

1.4M

EARLR] A

GEOK

F

F &G

FE50E

1.0mM

« 5

k2

Infimite Fesistance

= Hed reading ~ meter won’t stabilize
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Fage B
ELECTRICAL RESISTIVITY TEZT RESULTS
NACHES RIVER RIVIDGE 82/115%

ALIGLIST . 1988

Sta LE S5 +5R

LT &G ¥

B i e . - SR T L
&5 I i X o " M ST o

B y ) )
+ S - H S ¥ 4

[ g ) ; r s . . e e

Dt /0 M H H ¥ EEDH HOTLL

T - L. p——

SEeg0 i e o i b =

1
s . N i 25 £
B - 0 i 1 + i w7l
L= — [ e . ir e [~
SRR e S M b i b 1Z5K
o e . TR Tt - FoA e f
® B b w ¥ S0 &0k
» N £ F g
{ ¥ i : H Sl
SdE1n ;-: ] # : ¥ St 4450
T4 a4 CT e : Y=
[YLL W ) + 1 P} &5 :': B - :': . "‘; wt I =

Sl H B H = P ] s
HaHrly X P ¥ b ® Bl
# W i b * Z2EEK
SEHEE b I E ¥ W & HE S0
M % ® P i = AT
S 4T W 3 3 2 # Pt o
ST H w W

& = Infinite Resistances

Uffeset is feet right of jeft curb ahesd on station
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ELECTRICAL RESISTIVITY TEST RESULTS
NACHES RIVeR BRIDGE BZ/1155

ALIGLIST, 1988
COMTINUED

1G 15 30

o

"
w

e P i

49

e
.

NPT SO " " b " i S8k

e o e o a i
B 3 Al L B L e Y
. , » A~ vy
P e ay Ea) ' "

N L [ == -
* : B b B GO0OK
ST W X w u 2EHOE

[y [T L - -~ -
St 20 P W = ¥ M 240K

€ L T Lr we : N Sy eaET e
P e R i 4 2 2

o
-

o
SR ANTH ] ¥ H ® b b Lo Uik
NS S i X ® M = 280k

EEL G = M w % ¥ ZO0K

v 3 DK

2 AR A

Y H H b 285k
A ~ ¥ bt X b SROK
T b B ® x # 110K

J b i I = ® 150K

" H b " H 4801

K —r ooy
. P is P o [ B C;l :
Al = i P P = AN

Gak

DR

120k

1.4M

4 &

S0

477 sk

1A

il

24804
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S5E+0E

S5+40

SEe 40

ELECTRICAL

NeCHES RIVER

] 10
o 1
kY H
. 32

M
. 1
E b

"
i H
o i
b W

v
; H
" .
3 =
. w
x b
" 1
H b

i N
" "
o s
L

. i
wr 1
et i
1 i
1 B
1
Ixd e
v i
o Pal
[ 2
i M

REGISTIVITY
BRIDGE &

TEET

3
FAE

S11

AUGUST , 1ves
CONTINUED

= =
15 " ¥ S0

, ;

H .-‘ %

{ EaS e

= e ¥

= H o

= P i

B ¥ E 1.4M
b { " SV
{ # N EN il
B { M i Tk
B i B SinhE
M b M 1.5M

ar
LAl Y B

e ., ; "'f-j_ 1]].
L s t -4
e Wy )

) it -3

= " ;
s B
M M H 70k
y 5 g
I ¥ B i.4aM

i.1m
.d
j--'i{

A0

£

4
4 oWl

o= Infimite Resistancs
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YAKIMA RIVER BRIDGE
12N 1148

CONTHA&DT 3131

TESTING REQUIREMENTS

Dot
1987 1988 1989 1920 1991 1992 1993 1994 1995 1994 1997

FRICTION 10787 A48 =
RESISTIVITY &/747 G/ge R
BOND ¥/837 B/88

HaLF-CELL i H
EHLORIDE H

¥ = To e Tested

Bridge
Orientation

Yak M RIVER BRIDGE

82,1145

i
BT A &Th
LE 4057 LE %51+4]

N\
TO YARIME A\
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Fage &
BOND TEST RESLLTS
YARIMA RIVER BRIDEGE BZ/1148

Comments
1007 Bre
100% Bre
100% Bre i old ;
1O0% Breask in methyi
bl Break 11 pipe Cap adicesies
45+24 10 316" 1035 1OU% Break in mstbiyvl

RRTE R AT 25 516" T nE bl im cid oo

S+ 34 b 57 16" i ety ]

SO+B6 29 /146" X 3 Eads A pipe Cop nodboend e
H1+01 2.5 1/7,8"° BRI 167 | HFOW Brealk i methoed

Year Station Offsetk Depth Load

ST AE+973 G /e 1475
A48+78 1.5 is4" &7TD
42+41 A4 S9/16" &75
A4G+47 5 a/8" AR
R 31 i1/8" 1050

in ol oo
I et by

IR 4G+ 54 F4.5 i/g" 110G 250 100% Break in ol
47136 By SS1&6 | 1000 T18 | 20% Breal in old
50+ 4y 34 /1A TE00 | B50 ] 95% BEre i ola
AR+52 Az 174" Depth measurement
30+11 32 516" DITTG
HO+T 32 174" DITTE

HMOTE: Offset is feet right of lett curb ahead on stat Lo .



| S —— -y
| ES LU S

DATE

.l

FiN

AVE

FRICTION TEST RESULTS
YakIMna RIVER BRIDGE 82/114%

RANGE

1oy

o

U RIS LS R R R TR O o]

oW

25

el
.

=5
ol

-
S

1
2

A

48
S
B

-y
—

44
47

e
wdd

=
wd il

49

DATE

DIR

FN

AVE

RANGE




Fage 4

WHEEL. FUT MEASUREMENTS

YAk IMA RIVER BRIDGE 8§2/114%

OUTSIDE
STATION LANE
DATE WHEELFATH LEFT RLIEHT
OB/ BE 4B+60 14 1/8
44+75 141 Ny
A0 1714 1/8
494+25 175 i/8
42+50 L7146 1/8
49+75 1/ i/8
SO+00 171é i/8
SO+2E i/i4 178
SG+50 VA 176
SO4T75 i/16 178
51400 L/Al& 1714
51425 1716 i/8

- R




L]
-

Ste LE 48+57

<,

45+60

48+465

46+70

48+75

S+ g

4o+85

G5+ T

45+55

45 +i0

45405

ELECTRICAL RESISTIVITY TEST RESULTS
YA IMA RIVER BRIDGE B2/114%

u

SEFTEMEER,

10

1987

30

&

brd

o

e
5

1

e

o

e

[red

o
K

v
B B
b o
e s
e
w
bt
"
o
~
W
W
s
3
1
o i
W
Ho i
B
s o
s b
e e
i h
s s,
b
W ~
e
I
L
e
¥l

Infinite

Fe=zist

~-37-

P

L.l

135M

o

4M

1.8H

=AM

1.7m

R Y

<. 8M

Ry |

[y
.

pa
-
s




Fage

JOTHT

rn

4G+T 0

9+ 75

45+ 50

45+85%

464G

47495

S0y

o405,

D+ 10

LT I B

il ':) + :_".:J

C, "y TIED
ALIEL ]

B a0

Do+ I5

Sy G

=45

SHa4 5

ELECTRICAL RESISTIVITY TEST RESULTS
ERIDGE B82/114%

YA IMA

RIVER

SEFTEMEEF,

1787

CONTINUED

3 Z0
5 % W ¥ PR
b & ¥
Z.EM Z.0M 3 1.1M
5 15 b G
b3 & M 1.4M
r 1amM e 5 1.%mM
& & 1.5M
i 170E% 540k e H 1.9
275k b 1.1
£ b B N
; & & 3 ¥
1.2M cgoh ¥ =7
& 171 1,24
& 1M i Z.eM
ESOE I i ﬁ 5
b B B 1.eM
L2 & # EARINS
& & ¥ I.2M

= Infinite Res

¥ Frecsiable lesak

istance

to curt
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2
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Lok
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Fage

&

S+ 5
SO+ ES
RTRE LN
SO AT
50470
Bl FE
S+ 0
LPTOE S
D G0
SO+9E
Sl 0
Sl +0E
Si410

D1+15

ELECTRICAL RESISTIVITY TEST RESLILTS
YAk IMe RIVER BERIDGE 82/114%

(&}

SEFTEMBER, 1987
COMT INUED

10 3 I b

30

G0

(5

s

on

i.5m

&0k

Le o
I I3
L) ,'q I i i)
T ~ " L

s

4t

=y

420k, s :-:: »

SO b

RO b x
SISO, 5

1.75H ¥ s ¥

o
16H
=22M i b4
% et
S P b
& ¥ B

STEEL EXFPARSION FLATE

1.35M
R B
2.5

R S

£

e

LT
S

i w7

Z.1R

o
n

1.1

oo

Qs

q4.4M

e i

12
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Ln
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CLECTRICAL RESISTIVITY TEST REGULTE
Yak iMa RIVER BFEIDGE B2/ 1145

ALIGLUST . 1988

)
fary
<
i
o
A
in

Sta LE 48457

484560 :: b M W W | PR
AE+EG " E # &t Y Al | W
A5+70 s W W M M it
AB8+75 ¥ M Ed : P 1 .¥M G

4g+80 W i Pt ¥ W O Ao

48+85 W b i w B 1.0H 1. 5M

4B+ W H a0k i.ir

o
~
-
#

48+95

«
x
b3

3
)
.
Cod
=~
-

AF+010 W X ] X 5 %
AG+05 ¥ H b s i |

4%+10 F # b H b 3 T L

JOIWT A49+15 b b S R M 1.5 i

4G+E0 £

e

s e
AN )

A5 +320 ¥ (R =1 A

1.0k

47+40) B ¥ i ¥ :-:: 1.1k FA L

A

49+45 e { ™ b L 1.0 EraYels

47450

o
"
“

# 7O SHUOE,

A5 R 3 3 M &5 Ok, EFiOE

# = Bare Spot

W o= Infinite Resistance
Offest ig feet right of left curb ahead on
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ELECTRICAL RESISTIVITY TEST RESULTS
YAKIMA RIVEFR BRIDGE 8Z/1i14%

ALGUST, 1987
COMTINUED

30

(d
th

B

BROE

P K i b 3 B0k

i H b b b 710
; # ¥ P FOOK

{ b = b 1.2M

; % 4 1.7M
b H H 580t

w " H SBOK

; P : TaA0k,
H b ; 4404

5 54 ; W { L] of

5 H M b = 2.2M
: W ot QOO

M g ® bs 1.2M
{ ® b TOOK,

; b 1.1mM

7 aar

1.0mM

1.3

SOk

eI S R

HFOK

T &OE

1.5H

I.TM

s

17k

S0k

4.1M

b

2.0

O]

Intinite FResiztancs

Hare Spot

""7/’




STV E ST

SO+ 65

IS A Y]

=80
-
S
95
=1 00
Z1+05

S1+10

ELECTRICAL RESISTIVITY TESY AL
YaREIMA RLIVER BHR1IDGE 8U/ 1140

AUGLIST, 1987
CONT IHUED

(8]
[y
o
i
<

i
LA

» s ¥ i b 1.1HM N

G108 AL

W 1.1m Z

e P b v ® 1.EM oy
W W M W Taon L
i p b 3 ¥ , Al
; b ¥ 5 B0 G
{ i ® \ B pasial 3
{ p > P 14
H 1.4M AT
p P | 2
5 i M M B &L30 ¥
W 5 ¥ ST G

T
e
—
.
E
N
<
A

STEEL EXFAMGION FLATE

b

= Infinite Resistance
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APPENDIX D

GENERAL LAYOUTS
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APPENDIX E
NACHES RIVER AND YAKIMA RIVER

PROJECT PHOTOGRAPHS
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NACHES RIVER BRIDGE

= - -
- - ——

R S -
_—— = 3

ﬂ“mﬂg’,‘ f

m-

Lane closure.

Deck cleaning
by shotblast,

47-



NACHES RIVER BRIDGE

Mixing epoxy resin component A and B.

Pouring efpoxy resin on deck.

-43-



NACHES RIVER BRIDGE

Spreading epoxy resin by squeegee,

Another view of spreading epoxy by squeegee.
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YAKIMA RIVER BRIDGE

Pouring methacrylate resin components into bucket.

Mixing methacrylate components by paddle type mixer.
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YAKIMA RIVER BRIDGE

Another view of the mixer.

Wheelbarrow placement of MMA on deck.
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YAKIMA RIVER BRIDGE

Hand screeding MMA.

s

Another view of handfécreeding. Note concrete
blocks to hold down 1/4" steel forms.

-52-



