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SYNOPSIS

The Washington State Department of Transportation will be conducting
experimental field testing of several selected polymer concrete thin overlays over
a ten-year period. The polymer concrete material is manufactured by private
industry firms and installed on selected bridge decks under standard WSDOT

construction contracts. Approximately 14 bridges will be involved in the
experiment.

The Snake River Bridge at Clarkston, Washington, Bridge No. 12/915, is the first
bridge of the !4 to receive a thin overlay. The polymer concrete used is Flexogrid
by Polycarb. The deck was repaired and overlaid in June of 1986.

Work on the thin overlay began on June & and was completed on June 20. A total
of 6,477 S.Y. of overlay was involved, Traffic was accommodated at all times on
the portion of the bridge not being overlaid. Construction progressed relatively
smoothly per the inspector's report. The material permitted the contractor
flexibility in the rate of installation and in starting and stopping the work. Width
of installation was varied to accommodate temporary traffic lanes.

Pavement skid tests and bond tests all proved satisfactory. Ninety-one percent of
the resistivity tests exceeded the minimum required by the specifications. The
majority of the test points that did not meet the minimum specified occurred at
the beginning of the work, where the contractor attempted to apply the material
with spray equipment that apparently did not provide accurate proportionate mix
of the epoxy components. Subsequent tests and reports will compare delamination,
half-cell, chloride content, and rutting values to the original deck survey values.

The effectiveness of the overlap will be monitored through skid tests, resistivity
tests for determining permeability, and pull-off tests for verifying bond.
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TOTAL EXPERIMENTAL PROJECT DESIGN

General Background

Over time, the top few inches of a concrete deck can become contaminated with
salt from a saltwater marine environment or [rom 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 (LSC), 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 thin bridge deck overlays has
shown promise of providing a long-lasting, maintenance-iree deck protection
system. It is impervious to the penetration of salt, can be constructed in the field
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 concretcs 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, methyl
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 will select approximately 14 bridges needing deck rehabilitation and
protection. The normal delamination and spall repairs will be followed by the
application of thin PC overlays (usually 1/4" to 1/2"). These PC overlays will be
systems marketed by private industry. The work will be done under usual 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 12 of bridge deck will be involved in the total
study.



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 will be asked to submit an end of
construction report on the installation.

Annual inspections and testing of the experimental projects will be made over a
ten-year period. The WSDOT Materials Laboratory will have responsibility for all
field testing and for reporting on all 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. 1t 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
overlay surface; 2) electrical resistivity for waterproofing effectiveness;
3) half-cell for corrosion activity; 4) chloride content for intrusion of corrosive
chloride ions; 5) pachometer for rebar depth; 6) pull-off 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.

Reporting

A post-construction report will be issued within 90 days of the completion of the
construction project. Annual Form 1461 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 will 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.

SNAKE RIVER BRIDGE PROJECT DESCRIPTION

Existing Deck Condition

The deck has transverse cracks throughout. The average deck chloride content is
2.68 lbs. per cubic yard. Fifty-nine percent (59%) of the samples are greater than
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2.0 lbs. per cubic yard. Delaminations are cstimated at 1.73 percent of the deck
area. Approximately 24 percent of the hali-cell samples have negative values
greater than 0.200 volts. Approximately 9 percent of the deck has less than one
nch cover over the top mat of steel. The deck condition code is 4.

General Project Description

This bridge has a movable lift span. Benefits realized by the use of a thin overlay
include less counterweight adjustment work, reduced traffic disruptions, less deck
preparation, and a shorter contract time. The structure is %0 feet wide and
1,423.54 feet long for a total deck area of 56,940 sq. ft.

The normal delamination and spall repairs were foliowed by the application of a
thin PC overlay (1/4 inch). This PC overlay was a system marketed by private
industry. The work was done under usual WSDOT contract. Contract documents
specified the type of system the bridge received.

FIELD INSPECTOR'S POST-CONSTRUCTION REPORT

Snake River Bridge Project Data

Inspector: Gary Downs, WSDOT
Contract: 3107
State Route: 12
Description: Snake River Bridge 12/915 Deck Repair
Prime Contractor: David A. Mowat Company
P.O. Box 1201

Bellevue, WA 93009

Deck preparation for the epoxy overlay was performed by:
Western Sandblasting
(Subcontractor to Mowat)

Thin epoxy overlay application was performed by:
' David A. Mowat Company

Materials incorporated into the overlay:

i)  Flexogrid
Manuiactured by: Poly Carb
33095 Bainbridge Road
Solon, OH 44139

2)  Aggregate
Source: Pit Site Bl (Steilacoom, WA}
Crushing performed by: Manufacturers Mineral
Renton, WA

Surface covered:

1y 6477 S.Y. which includes:
a)  Bridge deck surface after bridge deck repair
b) Bridge approach slabs after ACP removal



Poly Carb representatives on site the first day of the epoxy overlay operation:
Frank Reagan - Distribution Manager

Mr. Sudarshan R. Sathe (also on site second day)

See attached report dated July 9, 1986 (Appendix C) for the results of the epoxy
overlay testing for this project. In correspondence with the manufacturer's
representative concerning the low reading on the resistivity test, he advised that
this is similar to the results of a previous project on a bridge over the Chehalis
River at Aberdeen. He advised that in four to five weeks, values approaching
infinity should be attained, provided that there is no cracking in the epoxy overlay.

Description of the Installation Procedures

A.  Deck Preparation
- Cleaning was performed using a portable shot blast cleaning
system.
- Contractor covered the expansion joints and drains.

B. Epoxy Mixing Operation
- Ten gallons of Part A and five gallons of Part B were placed in a
(1/2) 55 gallon drum.

- The 15 gallon batch was then mixed using an electric drill with an
agitation paddle.

C.  Epoxy Application Operation
- The 15 gallon batches were then rolled to where they were to be
placed, using a cart.
- The mix was then spread on the deck.
- Laborers then spread the epoxy using squeegees.

D.  Aggregate Application Operation

- 3000 pound bags of aggregate were transported to the application
site by forklift.

- Laborers filled five gallon buckets with the aggregate and then
broadcast the aggregate by hand - similar to "feeding chickens."
E. Removed excess aggregate from first lift of epoxy surface by sweeping.

F.  Applied second application of epoxy and aggregate similar to B., C., and
D. above.

Quality Control Performance of the Contractor

The contractor used two barrels of Component A and one barrel of Component B
for serving his mixing operation. In this way he was able to fill three five gallon
containers at the same time. This decreased the mixing time and also decreased
the chances for proportioning mistakes.

The contractor did not implement any other quality control measures.

Special Construction Procedures or Construction Problems and Any Remedial
Actions Taken

The thin epoxy overlay was set up in the plans to be placed in three stages. This
allowed two-way traffic to proceed during the epoxy overlay operation; however, it
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did not allow the contractor access to apply aggregate on the epoxy. To overcome
this, the contractor completed only one half of the staged width at a time. This
left a working area for his equipment and personnel to coinplete the aggregate
application without stopping traffic.

The contractor attempted to use a spray system to mix the two epoxy components
and apply them directly on the deck from the barrels. The contractor was unable
to produce the correct proportions on the day they began the overlay. They had
been able to produce the correct ratio on an earlier test section. The
manufacturer's representatives expressed concern that the spray apparatus might
not be capable of continuously furnishing a 2:1 epoxy mixture. The contractor then
abandoned the spray concept and reverted to manual mixing and placing operations.
The contractor was not allowed to revert back to the spray concept without
providing appropriate gauges to insure the proper mixture at all times. Probably
the reason the pump worked in one situation and not in the other is that the
temperature of the epoxy components was different each time,

During the test section using spray apparatus, there was a potential overspray
problem. The contractor did construct a plastic walled movable screen to protect
against overspray problems. The contractor also prepared to protect his personnel
from vapor hazards by providing extensive protective clothing (disposable
coveralls, gloves, rubber boots, {ace masks, goggles, hoods, etc.).

The contract special provisions stated that, "Thickness of the overlay shall be
determined prior to its initial set by using a measuring device provided by the
manufacturer that can penetrate the overlay to determine the final thickness."
The Poly Carb representatives on site advised that there is no particular
instrument for doing this. The WSDOT purchased an awl to perform this
measurement, but had little success and abandoned this check system. The rate of
application of the manufacturer was adhered to.

The special provisions did not address weather limitations (such as rain, wind, etc.)
relative to the epoxy overlay. There were differences of opinion between the
contractor's field personne! and WSDOT personnel on a few occasions concerning

this matter. A problem did not occur. Weather limitations should be addressed in
future PC overlay contracts.

The special provisions left cure time of the overlay both between lifts and prior to
traffic up to the manufacturer. The manufacturer's literature provided some
guidelines on set time versus ambient temperature. The manufacturer's
representatives on the job site on the first day of the overlay appiication gave
verbal recommendations for much less time than indicated in the literature. This
also caused confrontations between WSDOT and contractor personnel.  With
incentive pay involved, this can become a controversial issue.

The manufacturer's literature for the Mark-163 (Flexogrid) Overlay lists the
following application rates:

Liquid
First Application: 40 square feet per gallon
Second Application: 30 square feet per gallon
Aggregate
First Application: 10 pounds per square yard

Second Application: 1% pounds per square yard
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The contractor was unable to get over 20 square feet/gal. coverage on the second
application due to the very coarse nature of the surface from the first application.
Therefore, he applied the maximum coverage he could on the first lift which was
50-55 square feet/gal. He then applied the 20 square feet/gal. coverage on the
second application. This seemed to work. However, these rates were directly
related to temperature, in that when the temperature was higher the spread rate
was high and when the temperature was lower the spread rate was lower.

The special provisions called for a 1/8 inch in 10 feet straight edge tolerance both
parallel and transverse to centerline behind the epoxy overlay. Significant wheel
rutting was present in the existing lanes. This could have caused a considerable
overrun in the overlay materials needed to satisfy the 1/8 inch in 10 feet straight
edge requirement transversely to centerline. The state prepared Change Order
No. 1 to eliminate this requirement.

Operational Observations

A flatbed truck was used to carry 55 gallon barrels of epoxy. This truck traveled
immediately ahead of the epoxy spreading operation. The contractor placed
spigots in one barrel of "B" component and two barrels of "A" component. These
barrels were laid on their sides at the end of the flatbed. A sheet of plastic was
attached to the end of the flatbed and was allowed to trail behind the truck. This

prevented unmixed epoxy components from contaminating the prepared deck ahead
of the epoxy application.

Construction Time for the Installation and Complete Cure-Setting Time of the
Polymer Concrete

The contractor's basic plan was to complete 1/2 of each stage on consecutive days.
On the following day the contractor would implement the next staged traffic
control plan and begin deck preparation for that stage. The next two days were
intended to complete the epoxy overlay for that stage, and so forth. However, the
scheduling and staged limits were revised to accommodate the specific situation.
The following is an actual account of the times involved in the application of the
thin epoxy overlay.

On June 9, 1986, the contractor began a test pass on Stage 1, the right 7 feet, from
Sta. 1551+29 to 1552+84. They started at 3:30 p-m. and finished at 4:15 p.m.

On June 10, 1986, the contractor began work at 8:20 a.m. at Sta. 1550+39.5 on the
right side of Stage | (7 feet wide) and continued to Sta. 1551+29. Then they
skipped over the test pass they did the day before and resumed again at
Sta. 1552+84. They then went 7 feet wide to the end of the approach slab at
Sta. 1565+00. They {finished this first lift at 11:33 a.m. The same day, they went
back to Sta. 1550+39.5 at 1:15 p.m. and began the second lift. They finished it at
Sta. 1565+ at 6:45 p.m. The shot blasting had started at 7 p.m. Sunday, June 8,
1986 for the above section and was completed at about 10:30 a.m. on June 9, 1986.

On June 10, 1986, at about 7 p.m., they began to shot blast for a second pass & feet
wide on Stage 1 which would be to the right of centerline 5 feet to 13 feet from
Sta. 1550+39.5 to 1565+. They had a lot of trouble because of having to cut so deep
to clean the surface. Delays in the deck preparation were also caused by an
equipment breakdown, and because someone knocked down all the traffic control
cones.



Because of the shot blaster's problems, the epoxy crew didn't get started until
about 10 a.m. on June 11, 1986. They began at Sta. 1550+39.5 with the same 3-foot
wide pass 5 feet to I3 feet right of centerline that the shot blaster had just
finished. They epoxied to Sta. 1559+85 at 1:45 p.m. The shot blasters were in their
way at that time and what they had just put down was not cured well enough to
begin the second lift, so they waited untii 2:37 p.m. Then they set back to start
the second lift at Sta. 1550+39.5 and went to Sta. 1559485 again. The shot blaster
was done by then so they went straight ahead on the first lift 8 feet wide from
Sta. 1559+85 to the end at 1565+. At this point, all of Stage | except for an 3-foot
wide pass from Sta. 1559435 to 1565+ 5 feet to 13 feet right of centerline on the
second lift was complete. The contractor went to work at 5 a.m. on June 12, 1986
without informing the state of the change in start time. When we arrived at
7 a.m., they were aimost finished with what had been left off Stage I on the
previous day, They finished it at 7:30 a.m. Traffic was allowed on this section at
5:30 p.m. the same day. The shot blasters came in to start on Stage II at 6:00 p.m.
They were able to begin placing epoxy again at 10:06 a.m. on June 13, 1986 at
Sta. 1550+39.5 on Stage Il from 12 feet to 20 feet left of centerline. This was an
3-foot wide pass. They {inished this pass at Sta. 1565+00 at 12:12 p.m. At
1:50 p.m. they began the second lift of the same area and finished it at #:50 p.m.

They had planned to work on Saturday, June 14, 1986 but rain prevented it. They
didn't work Sunday, June 15, 1986.

On June 16, 1986 at 7:56 a.m., they started to epoxy the second half of Stage 2.
The first lift began at Sta. 1550+39.5, four feet to 12 feet left of centerline (an
3-foot wide pass). They finished at Sta, 1565+ at 10:06 a.m. At 12:10 p.m. they
began the second lift in the same area and finished it at 3:25 p.m.

The shot blaster worked June 17, 1986.
Rain shut the contractor down on June 18, 1986,

On June 19, 1986, they began laying epoxy on Stage Ill. It was 56 degrees F. when
they started at 9:14 a.m. They began at Sta. 1550+39.5 (from 5 feet right of

centerline to 4 feet left of centerline) and finished the first lift at 12:{5 p.m. at
Sta. 1565+.

The second lift in this area was started at about 2:15 p.m. and was finished at
5:45 p.m. This finished all epoxy work on the contract. We opened this section to
traffic at 7 a.m. on June 20, 1986,



CONCL USIONS

General

The Snake River Bridge at Clarkston, Washington, Bridge No. 12/915, is the first
bridge of the 14 to receive a thin overlay. The polymer concrete is Flexogrid by
Polycarb. The deck was repaired and overlaid in June of 1986.

Work on the thin overlay began on June 8 and was completed on June 20. A total
of 6,477 S.Y. of overlay was placed. Traffic was maintained at all times on the
portion of the bridge not being overlaid. Construction progressed relatively
smoothly per the inspector's report. The material permits the contractor
flexibility as far as rate of installation and starting and stopping the work. Width
of installation lanes could be adjusted to accommodate temporary traffic lanes.

Pavement skid friction tests and bond tests all proved satisfactory. Ninety-one
percent of the resistivity tests were satisfactory. Subsequent reports will compare

delamination, half-cell, chloride content, and rutting values to the original deck
survey values.

The effectiveness of the overlays will be monitored through skid tests, resistivity
tests for determining permeability, and pull-off tests for verifying bond.

Problem Areas

1. An instrument needs to be developed that can be used conveniently to
determine the final overlay thickness. The on-site manufacturing

representative advised that there is no specific tool or instrument for doing
this.

2. Weather limitations that can affect the laying and curing of this overlay need
to be spelied out more specifically in the contract. There were differences
of opinion between the contractor's field personnel and WSDOT personnel on
a few occasions concerning this matter,

3. The cure time of the overlay between lifts and prior to traffic use needs to
be addressed more specifically in the contract. If incentive pay to the
contractor is involved, this can become a controversial issue,

4, The contract should address whether wheel rut areas are to be filled to
provide a level surface. Where leveling is warranted, it should be considered

in developing quantities for bidding, or should be provided for in the payment
provisions (e.g., force account).

7/BR-12
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APPENDIX A
EXPERIMENTAL BRIDGE DECK

THIN OVERLAY PROJECTS
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APPENDIX B

TESTING AND ANALYSIS COSTS
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DOT et s 02220

‘a..‘tih:‘ Sate .
W/ZJ Devertimert of Tranapartation INTRA-DEPARTMENTAL COMMUNICATION

DATE: July 9, 1 1;16

FroM: A.J. Peters/R. Schultz
PHONE: susskct: Contract 3107 .
' Snake River Bridge 12/915
Epoxy Overlay Testing

10. J. Buss/X. Lockwood

Attached are the test data required by the speclal provisions on the above subject
project concerning the epoxy overlay.

The friction testing required an average of 50 for tire test in each lane. Our resuits
show 70 in lane 1, 69 in lane 2, 74 in lane 3 and 77 in lane 4.

The bond tests required an average of 5 tests in each lane to be 300 psi or break

in the old concrete. All of the bond tests except one broke with greater than 40%

of the break in old concrete. The one test that had 5% breaks in the old concrete -
had a bond strength of 350 psi. Therefore we consider the tests to either have broken
in the old concrete or are greater than 300 psi.

The waterproofing effectiveness required 70% of readings to be greater than 250,000

LLwith no single reading below 100,0004% . We had & total of 77% of the readings
above 250,000/ but we had 94 single readings out of a total of 1008 readings less-
than 100,000\ .

1f we can be of further assistance please let us know.

AJP:tlw
RLS
Attachments

T32/010
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APPENDIX D

GENERAL LAYOUT

-19-



, - . PR
et e e el St S T i+ S o ks L )t s < Amm ot 2 & ok ke e e n

e = - — L
L " — NS e - UV U — — e
Fach Ml ' 28 11 AR -
D : ot
p——y s i A A
= —w—— —— ——— sy o
N 8 S [ stmnraigyray S Pulir BAOR) dnropl Repirg PERI § ENE by gy
T S viete -t R e i B RN
W 2D N T K gt SO a0 > dy X, HETE W
LOOAYT  TvEINID ) AR D Ry KRR G MY O ey g v g e
A g0 Sy I D brcwoesy aTI IRAL Ny P L B RN MWD O e LA U
UMVEN - AN BT T IO P oy £ e iR R soeamirin 8 At (7 I Ga SO D yAaLs . KRT R
) FBAGHIEY A - ALNNOO MLLOEY YN LTI 0 N W Wy RN A G, W2 B R i Medge s Lot pors by
o ae b YRR Nt 1 MGy o s par o AT M b w Ay 'figrnaneny e ey
o O AVAAIBR- Ih(b. T Aot | YAy v evepivass “Laial et 1IN p Apmm—
& OMN AVAAHDN- LLV.LD ANV « NOLDNE-EY A0 iﬁilunli.i;i B RN e ) o axme gt ariadle o KT e g
.‘ig!j ‘ﬂ?: i M S AR Sy Sy G W
Stif2! WY ISR Sy WE L TR e R R e s e K
! RO B WS B F NILY P [y W Bt gy o gt Kooy s A
TR T T AN g AL ) AT tmer

r_1

Wiy unpdem pIY LRy e o .lN\.l...tqul ltq-uifv}
wwur?lgiw..ld ridr -

s A2 oy D s s o atsten i o o iininririgg Rappnt -3

OOg W, e A YR P R L S g i
N R R UMy iy T a0 By ~ - w 3 AT Sy o

, ‘ Lt BTl (A S P
b z 8, 5 ‘ L% \-Wﬁ ..wn A 2, - re . L lﬁ
-y
. ®F i [ S
_ e T U E VT L ] o G 7Y d hl.n.“i‘.. .“Msu\. Bt wre xf CAf D pw DA PAOLIET BANDT DALMY
a.du\H e re9. 90 00 5 ecq UM o T e M seurer T oew gtr - L.Lh“ad
|||ﬂ - v lnen 3 i rat.t.(. oy o 3 ey lnaad) Fe o~ o
“ - T s
T - T
_ 3 _ m L L - - 2 # . ] i g ey L
sy % oy e e 3, 4 Rt et i iy f .
sda, Ny 5\ Y lnmllsllﬂl 3 .
Ay fA By by Wﬂ o W o Lo _ —— n x; Ty n
o
" ™ - o7 -y
m..._”..“, 5 ...a i Mﬂw MM “ﬂ w” wx ki ‘ 3 tx LE] n n:.w. aw w w.
IR i LM 8 L8 Pr} ~R »
B T - S LR Bt L) ! TR \M. it mm “um ut ..w M,M
b v O RE | ey n
. mm = ‘ W FR] W] i ﬂ_




APPENDIX E

SNAKE RIVER PROJECT PHOTOGRAPHS
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Elevation Yiew, Snake River Bridge Lift Span

Longitudinal Yiew of Bridge Showing Traffic Control
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Epoxy Storage on Job Site

Aggregate Delivered to Job in Large Bags

-23-



, TR
B X o ST

1/2 Stage 1 After Shot Blasting

Joint and Surface After Shot Blasting
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Stage 1 Epoxy Spreading by Squeegee

Stage | Epoxy Spreading and Aggregate
Spreading by Hand
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First Lift Complete on 1/2 of Stage 1
(Note Tape Edge and Surplus Aggregate)

Beginning Second Lift of Epoxy Application
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Shows Final Texture
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