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EXECUTIVE SUMMARY

Introduction

Concrete overlays have proven to be an effective maintenance
treatment as they slow the penetration of de-icing chemical and
water into the original deck surface. Typically, due to vibration,
structural flexibility, and weak bond between the concrete overlay
and deck concrete (potentially from poor construction), de-
bonding develops at the boundary between the original deck
and overlay. This de-bonding creates voids, providing a reservoir
for chloride-laden water to fill after it penetrates cracks in the
surface. Displacing this liquid solution and filling these cracks
with epoxy helps reduce freeze/thaw cycling and spalling.

The epoxy material protects the bridge deck from moisture and
helps support the overlay and prevents it from failing under traffic
loads. This leads to an extension of the asset life span and an
increase in the life cycle cost benefit. Overall, the bridge
infrastructure performance improves significantly because of
greater mobility and fewer traffic interruptions from repairs to
bridges on roadway infrastructures. Epoxy injections helps extend
the service life of bridge decks and reduces the need for emergency
bridge deck patching and, as a result, improves the safety of road
users.

Motivation

Out of the approximately 6,000 state-owned/maintained
bridges, 1,575 bridges currently have latex modified concrete
(LMC) overlays, and 770 of those overlays have a condition rating
of 5 or 6, which may make them good candidates for epoxy
injection. These numbers support epoxy injecting for a minimum
of ten (10) concrete overlaid bridge decks per district per year in
perpetuity.

Benefits

Displacing water and filling voids at the interface of concrete
overlays and concrete decks with epoxy reduces emergency bridge
deck patching and extends the service life of bridge decks.

INDOT Strategic Goals

Epoxy injection of bridge decks impacts the agency in the
following strategic areas.

® Safety.: ensures the road safety for motorists, contractors
and INDOT personnel.

® Asset sustainability: enhances ability to manage and main-
tain assets throughout their life cycle.

® [nnovation and technology: harnesses technology and innova-
tion to develop more effective transportation solutions.

The following are keys to successful epoxy injection of bridge
decks:

selecting the ideal bridge deck candidates,
personnel with proper training,

proper materials,

proper equipment, and

proper procedures.

The following are ideal bridge deck candidate selection criteria
for epoxy injection:

debonded rigid concrete overlay,

tight surface cracks,

light to no cracking on soffit,

very little to no spalls,

delamination/debonding not exceeding 30% of the deck area,
deck rating greater than or equal to 5, and

wearing surface condition rating greater than or equal to 4.

Implementation

Based on the findings of this research, guidelines have been
provided for a step-by-step injection operation (see Chapter 7).
Bridge asset engineers for each district have already started
incorporating epoxy injection activity into their maintenance work
plans. We have a quantity purchase award agreement (QPA) in
place for districts to order epoxy material. Bridge maintenance
crews in all six districts have been trained to epoxy inject bridges
effectively. Currently, we have two fully equipped epoxy trailers
stored in a central equipment yard. All districts have the ability to
reserve these trailers for use. It is recommended that each district
epoxy injects a minimum of five (5) bridge decks each fiscal year.
Epoxy injection work should be added to the annual Maintenance
Work Plan by the bridge asset engineers. The proposed
maintenance life cycle for a typical bridge deck, which incorpo-
rates epoxy injection, is as follows.

Year 0: new bridge.

Year 3: maintenance silane spray and crack filling.
Year 6: maintenance silane spray and crack filling.
Year 10: thin deck overlay #1.

Year 20 to 25: thin deck overlay #2.

Year 30 to 40: LMC overlay #1.

Year 45 to 55: epoxy injection.

Year 50 to 60: potential LMC overlay #2.

Year 60 to 70: potential epoxy injection.

Year 50 to 75: deck replacement.

Repeat deck cycle treatments.
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1. INTRODUCTION
1.1 Motivation and Benefits

It is noteworthy to mention the impact of this epoxy
injection technology is incremental. Iowa Department
of Transportation (DOT) started injecting their bridge
decks in 1970s and later the Michigan Department of
Transportation (MDOT) embraced this viable tech-
nology. INDOT has adopted this mitigation strategy
currently in use by IOWA and Michigan DOTs. Bridge
decks are components which do not only support traffic
but also protect the other bridge components. Bridge
decks are susceptible to the effects of mechanical wear
and weather conditions. These factors necessitate that
bridge decks require more maintenance and repair than
other bridge structure components. Repair of deterio-
rated decks requires choosing the most cost-effective
treatment considering budget constraints, work force,
traffic control, and weather.

The use of concrete overlays on bridge decks is the
usual practice of INDOT for maintenance purposes.
Concrete overlay has proven to be effective maintenance
treatment as it prevents de-icing chemicals and water
penetration into the original deck surface. Typically,
over time, delamination/de-bonding develops at the
boundary between the original deck and overlay due to

bond failure induced by vibration and structural flexure,
which creates a void layer. The epoxy injection process
is used to repair cracks and voids developed as a result
of the overlay de-bonding (Figure 1.1). Displacing water
(Figure 1.2) and filling these cracks with epoxy helps
reduce freeze/thaw damage and extends the asset life
span. This also reduces spalling and deterioration requi-
ring emergency patching. Generally, the epoxy injection
process could extend the useful asset life approximately
5 to 10 years (Wipf et al., 2019).

Out of the approximately 6,000 state-owned/main-
tained bridges, 1,575 bridges currently have latex
modified concrete (LMC) overlays, and 770 of those
overlays have a condition rating of 5 or 6 which may be
good candidates for epoxy injection. These numbers
support epoxy injecting a minimum of ten (10) concrete
overlaid bridge decks per district per year in perpetuity.

1.2 Objectives

The objectives of this research project include the
following.

= Examine the effectiveness of epoxy injection of bridge
decks.

= Develop a state-wide epoxy injection program.

= Develop guidelines for effective epoxy injection.

Delamination/Debonding/Void

Concrete Overlay

/—Original Concrete Deck

Injection Port
Epoxy Resin v

//

Figure 1.1 Epoxy injection of overlaid concrete bridge deck.

Figure 1.2 Water displacement from bridge deck voids.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03 1



2. LITERATURE REVIEW

Currently, the Michigan Department of Transpor-
tation and Iowa Department of Transportation repair
cracks and voids developed as a result overlay de-
bonding by injecting epoxy as part of their regular
maintenance activities. The first known patent on
epoxy was issued and several basic epoxy systems
explored and developed in the 1930s (ACI Committee
503, 1993). According to ACI Committee 503 (1993),
several field tests were completed in the late 1940s and
early 1950s, including the use of epoxy as an adhesive to
bond two pieces of hardened concrete, as a bonding
agent for raised traffic line markers on concrete
highways, and as surfacing materials on highways.

According to Wipf et al. (2019), Iowa DOT has been
using concrete overlays on bridge decks since the

1970s to restore the concrete deck surface and lengthen
the service life of the bridge deck. IOWA DOT has
identified a need to perform an epoxy injection treat-
ment on 120 to 180 structures annually. When the study
was performed, IOWA DOT Districts’ bridge crews
were performing the epoxy injection. Wipf et al. (2019)
developed epoxy injection specifications to place in
IOWA DOT contract documents to employ contractors
to perform some of the epoxy injection. This reduces
the amount of epoxy injection their districts’ bridge
crews had to perform. Wipf et al. (2019) also con-
ducted a nationwide survey to document the state-of-
the-practice for epoxy injection. See Figure 2.1 for their
national survey questions and Figure 2.2 for the
responses received from the various states who parti-
cipated.

Question #
Question |

Question

If epoxy injection is a maintenance method used in your state, please list typical

applications and for how long each has been used as a maintenance method.

Question 2

Please identify the epoxy typically used for the injection process.

O ASTM C881 Type  Grade Class

U Other
Question 3
Question 4

O Weather

0 Temperature

) Maintaining Traffic Flow

0 Other (please specify)
Question 5

U DOT Maintenance Staff

U Hired Contractor

O Other (please specify)
Question 6

injector should use?

Please list the equipment typically involved in the epoxy injection process.
Is the epoxy injection limited by conditions unrelated to the actual process?

Who typically completes the epoxy injection process?

Has an instruction manual or specification been developed that outlines the process the

U Yes, Contact the individual below to obtain copy of manual/specification (optional).
0 No, A manual/specification has not been developed.

Question 7
Question 8

U Not Effective

0 Slightly Effective

U Moderately Effective

O Very Effective
Question 9

Q0to5 Years

O 5t0 10 Years

O 10to 15 Years

0 151020 Years

U More than 20 Years
Question 10

Please describe the most common method of epoxy injection used in your area.
Please rate the effectiveness of the epoxy injection maintenance method.

How long is the typical service life of the epoxy injection?

Please indicate the state for which you are completing this survey and provide any

additional information that you feel may be pertinent to this review.

Figure 2.1 National survey questions (adopted from Wipf et al., 2019).
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State Application State Application State Application
Arizona Crack repair in decks, girder | Maryland  Not used Oregon Crack repair
fascias, and substructure (1of2) (1of2)
Arkansas Not used Maryland  Substructure units Oregon Crack repair of structural
(20f2) (20f2) members with shear issues
California  Crack repair in concrete Michigan ~ Crack repair for concrete Pennsylvania  Not used
girders, abutment walls, and piers, segmental concrete
columns structures, and prestressed
beams
Delaware Not used Minnesota ~ Not used South Dakota  Crack repair in prestressed
girders, columns, caps, and
abutments.
District of ~ Not used Missouri Surface crack repair Tennessee Crack repair in substructures
Columbia
Florida Repair of beams, piles, pile | Montana ~ Not used Texas Crack repair
caps, barrier walls, and
seawalls
Georgia Repair of columns and bents | Nevada Crack repair of new and Utah Thin bonded epoxy overlays
existing concrete elements,
including bridge decks
Hawaii Not used New Not used Virginia Crack repair in substructure
Hampshire units
Idaho Crack repair for columns, New Mexico  Thin bonded epoxy overlays | West Virginia  Crack sealing bridge decks
substructures, and girders (1of2) and void fill
Illinois Crack repair in substructure | New Mexico  Not used Wyoming Crack sealing for abutment
units (20f2) and bent caps and columns
Kansas Bridge deck delamination North Crack repair for pier caps and
repair and crack repair of Carolina columns
substructure members

Figure 2.2 Applications of epoxy injection by state (adopted from Wipf et al., 2019).

3. TRAINING AND SELECTION CRITERIA FOR
IDEAL BRIDGE CANDIDATES

3.1 Introduction and Number of Bridges Injected

It has been an effective collaboration between
INDOT Research and Development, bridge asset
engineers, maintenance engineers, and districts bridge
crews in implementing epoxy injection of bridge decks.
Irrespective of the numerous challenges encountered as
part of this research project including COVID 19, each
district has performed field epoxy injection. A total of
38 bridges have been injected since 2019. The break-
down is as follows.

2019: 7 bridges in the Crawfordsville District.

2020: 6 bridges in the Crawfordsville District.

2021: 15 bridges in all six districts.

2022: 9 bridges in the Crawfordsville District and 1
bridge in Greenfield.

3.2 Training

Lessons learned by MDOT, and IOWA DOT epoxy
injection operations clearly have benefitted INDOT.
IOWA DOT even though they are the pioneers of
bridge deck epoxy injection in the USA have had their
fair share of failures. Recent reports published by

IOWA DOT found the following challenges amongst
their districts epoxy injection operations:

inconsistent procedures,
inconsistent epoxy materials,
different injection equipment,
lack of training, and
inconsistent results.

Various steps were taken as part of this study
to overcome these challenges. A typical example is
using a two-part epoxy material mix with one-part
colored blue and one-part colored yellow so when
they are mixed together green material is produced.
Some districts of IOWA DOT were using clear parts
of epoxy mix producing a clear final product which
made it difficult to determine if the mix proportion was
right.

We employed webinars, workshops, classroom, and
field training with experts from MDOT and Lily
Corporation to prepare ourselves to perform effective
epoxy injection (see Figures 3.1, 3.2, and 3.3).

3.3 Selection Criteria for Ideal Bridge Deck Candidates

Based on literature review, field observations, and
deliberations with the project Study Advisory Com-
mittee, the criteria for selection of ideal bridge

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03 3
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Figure 3.3 Epoxy injection trailer demonstrated at a strategic planning workshop.
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candidates for epoxy injection was determined and is
listed as follows:

debonded rigid concrete overlay,

tight surface cracks,

light to no cracking on soffit,

very little to no spalls,

delamination/debonding not exceeding 30% of the deck
area,

deck condition rating greater than or equal to 5, and

= wearing surface condition rating greater than or equal to 4.

4. USING IMPACT ECHO NDT IN SCREENING
DECK CANDIDATES FOR EPOXY INJECTION

Results from Impact Echo Nondestructive Testing
(NDT) was used to help screen bridge decks for the
selection of ideal bridge candidates for epoxy injection.
Impact Echo Sonic Surface Scanner (see Figure 4.1), S3
manufactured by Olson Engineering was used for the
testing. The impact echo scanner method is based on
Olson’s technology of a rolling transducer and auto-
mated impactor for Impact Echo based thickness and
flaw scanning of structural concrete. The scanner
system allows the user to collect data along two lines
with the test points spaced at 0.5 feet increments along
the test lines. A scan rate of around 1 foot per second
for best quality results (Olson Instruments, Inc., 2017)
was employed. INDOT currently has two of these
scanners and has scanned over 300 bridges. INDOT
feels these scanners have provided an accurate assess-
ment of the bridges they have scanned. These scanners

can be used for various applications. For this research,
they were used to determine delaminated/debonded
areas between LMC overlays and the original concrete
bridge decks.

Impact echo method is a seismic or stress-wave based
method used in the detection of defects in concrete,
primarily delaminations (Sansalone & Carino, 1989). As
the technician moves the Impact Echo scanner forward
on the bridge deck and the two sensor wheels turn, the
automatic solenoids on the side of the sensor wheels
impact the deck surface. The compressional waves gene-
rated by the impacts travel through the deck concrete and
are reflected from the bottom of the deck concrete, or
from any flaw or hidden discontinuity such as delamina-
tion or debonding. The reflected wave energy is identified
by the displacement transducers on the bottoms of the
sensor wheels and the data is transmitted, in real-time, to
Olson’s WinSSS-IE Software (real-time, interactive 3-D
condition mapping) on the provided laptop. If there are
multiple delaminations at one location, e.g., it there is a
lower-level delamination with overlapping top delamina-
tion at the same location, both delaminations are not
noted. Sensor wheels spacing of 1 ft was used for the data
collection. Impact echo test can be performed at any time
of day. The normal test thickness range for the unit is
approximately 3 to 20 inches, although tests can be done
on thicker concrete with some success if the surface
is smoothed enough (Olson Instruments, Inc., 2017).
A map (see Figure 4.2) is created from the Impact Echo
data, showing both sound concrete and delamination/
debonded areas and percentage of each.

Figure 4.1 Impact Echo Sonic Surface Scanner, S3 manufactured by Olson Engineering.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03 5
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Figure 4.2 Impact Echo damage map.

5. FIELD EPOXY INJECTION OPERATION

The keys to effective field epoxy injections include
the following:

® selecting the ideal bridge deck candidates,
® personnel with proper training,

® proper materials,

® proper equipment, and

® proper procedures.

Detailed guidelines for the epoxy injection procedure
are shown in Chapter 7. Figure 5.1 shows the step-
by-step epoxy injection procedure. INDOT currently
has two fully equipped trailers (see Figure 5.2) for
statewide epoxy injection operations. Figures 5.3, 5.4,
5.5, 5.6, 5.7, and 5.8 show typical epoxy injection
procedures.

The epoxy injection procedure includes the following
general steps.

Step 1: Selection of ideal bridge candidates for epoxy
injection.

Step 2: Materials, equipment, accessories, and stor-
age conditions.

Step 3: Pre-injection procedure, crack sealing, and
traffic control.

Step 4: Start-up procedure.

Step 5: Injection procedure.

Step 6: Regular monthly maintenance of equipment.
Step 7: End of season shut down of equipment.

5.1 Epoxy Injection of Bridge NBI 36660 in Greenfield
(Monster Bridge)

Bridge NBI 36660 (I-65 over 7 STS Access Road,
Monorail) is located in downtown Indianapolis with
heavy traffic daily volume (see Figures 5.9 and 5.10).
Bridge was built in 1972 with LMC overlay rehab in
1989. All three lanes of SB 65 from the west end to
Illinois Street and most of the MLK on ramp bridge
were injected. Epoxy injecting the SB bridge required 2
weeks. Prior to the field injection, training was provided
to the bridge crews. Also, prior to performing the
injection, Impact Echo NDT was performed on sections
of the bridge (Figure 5.11) to determine the delaminated
areas. On NB 65 we injected all of lanes 1 and 2 from
Illinois Street to the west end of the structure and the
entire MLK off ramp. A total of 30 drums out of the
60 drums epoxy material ordered were used covering an
area less than half of the overall bridge area. The plan is
to use the remaining 30 drums of epoxy material on the
remaining half of the bridge next year. The epoxy
injection procedure is saving future patching needs for
the district and hence enhancing mobility and safety of
motorists. Figures 5.12 and 5.13 shows epoxy proce-
dures on bridge NBI 36660.

Summary of Work Activities

® ] ocation: I-65 downtown, MM 113.1 to 113.4, and MLK
on/off ramps. Epoxy injection west end of bridge to

6 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03



Equipment Locate Debonded Regions: Impact Echo NDT; Rod Sounding, Chain Drag

Mark Injection
& Viewing
Ports Location

Injection of Epoxy into Ports

Mixer & Hoses Cleaning Finished Product

=

Figure 5.1

Figure 5.2 Epoxy injection trailer.
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Figure 5.3 Using chain drag NDT to mark perimeter of debonded overlay.

Figure 5.4 Drilling of injection port holes.

Illinois St. including MLK ramps. SB injection lanes 1, 2,
and 3. NB injection lanes 1 and 2.

Timeline: 2 weeks of NDT, crack sealing, and deck
patching. 3 weeks of epoxy injection. July 25 to August
25, 7:00 p.m. to 6:00 a.m. lane closures.

MOT: Closing 2 of 3 lanes nightly and necessary on/off
ramps.

Materials: 30 drums of Akabond 818 (1,500 gal) used on
the project. 240 cartridges of 10 minute mender to seal
cracks. 50 5 x 5" x 2" deck areas were patched using
Kwikbond PPC 1121.

Crew: 2 separate crews of 7 people with 2 epoxy trailers,
working about 500" apart, 12-hour shifts. 8 hours of
injection time, 2 hours for MOT setup/teardown, and
2 hours of drum change/cleaning.

Equipment: Each crew, dump truck pulling the epoxy
trailer and filled with sand for epoxy blowouts, MOT
cone truck, and foreman truck with light plant.
Training: Demo with Crawfordsville crew and research
hands-on training for the first week on site.

NDT: Impact Echo NDT determined locations and pro-
vided a delamination map. A hammer or chain was used to
sound and determine exact limits of delamination. Drilling
holes were then marked. Delamination map was especially
effective in finding smaller delaminations. Majority of
delaminations were extremely large, there were 50-ft long
sections of entire lane widths that were delaminated and
had to be filled. Production: ~50 gallons per crew per shift,
14 shifts, and 1,300’ 12’ 6 lanes = 93,600 f¢* total bridge
area. Bridge crew moved about 550 ft in one lane per night.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03



Figure 5.6 Fort Wayne District epoxy injection crew.

5.2 Before and After Epoxy Injection of Bridge NBI
21925

Bridge NBI 21925 is located in Vincennes District.
Bridge was originally built in 1967. Bridge had LMC
overlay rehabilitation in 2004. A total of 108 gallons of
epoxy were injected into the bridge deck. Figures 5.14,
5.15, and 5.16 shows the before and after epoxy injection
Impact Echo NDT delamination maps and cores taken.

5.3 Before and After Epoxy Injection of Bridge NBI
44460

Bridge NBI 44460 is located in Crawfordsville District.
Bridge was originally built in 1959. Bridge had LMC
overlay rehabilitation in 1986. Figures 5.17 and 5.18
shows the before and after epoxy injection Impact Echo
NDT delamination maps and cores taken.
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Figure 5.7 Greenfield District epoxy injection crew.

Figure 5.8 LaPorte District epoxy injection crew.

Figure 5.9 Bridge NBI 36660 in downtown Indianapolis.
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Figure 5.11 Bridge NBI 36660 Impact Echo NDT locations.

Figure 5.12 Bridge NBI 36660 epoxy injection works.
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Figure 5.13 Bridge NBI 36660 epoxy injection showing port locations.

IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 021925, BRIDGE #: 062-65-05512 CWBL, SR 62 WB OVER CYPRESS CREEK, VINCENNES DISTRICT

s —————

*
e Originally e BEFORE
Built 1967 8 EPOXY
s  INJECTION
* Deck Overlay We+ Re
in 2004 *§
WBe—, B a
b 2 8 B 8 & R 1
Deck Length (ft)
DELAMINATION/DEBONDING SOUND CONCRETE
27.2%
FROM INDOT BRIDGE INSPECTION REPORT (09/19/2019)
DECK CONDITION RATING =6 WEARING SURFACE CONDITION RATING =5
TEST PERFORMED BY: MH/CK/DL/BH ANALYZED BY: PB DATE: 5/12/2021
TEST DATE: 7/21/2020 1/1
*Bottom delamination with overlapping top delamination at same location could not be determined. 4

Figure 5.14 Bridge NBI 21925 Impact Echo NDT delamination map before epoxy injection.
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IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 021925, SR 62 WB OVER CYPRESS CREEK; VINCENNES DISTRICT

Cost: about $6,800
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DATE: 9/2/2021
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Figure 5.15 Bridge NBI 21925 Impact Echo NDT delamination map after epoxy injection.

NBI 21925 CORES LOCATION: VINCENNES
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Figure 5.16 Bridge NBI 21925 cores taken to verify Impact Echo NDT and epoxy injection.
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Figure 5.17 Bridge NBI 21925 Impact Echo NDT delamination map before and after epoxy injection.

Figure 5.18 Bridge NBI 44460 cores taken to verify Impact Echo NDT and epoxy injection.

6. STATE SURVEY ON EPOXY INJECTION
6.1 Methodology

Online questionnaires were sent to 24 bridge/main-
tenance crew members who participated in their dis-
trict’ field epoxy injection procedure. The intent of the
survey was to document the experiences, concerns, and
thoughts the crew members had while performing epoxy
injection considering procedures, materials, equipment,
personnel availability, interest, and workload. A total of
18 out of the 24 crew members responded. Responses
were received from all six districts. Appendix C lists all
the questions and responses received.

6.2 Response Summary

® [t was a very easy process to learn and use, seems to be
much more efficient and less strain on your body doing
the work.

® [t is low-cost bridge maintenance activity.

® [t uses less destructive method to repair bridge decks.

® ] eads to bridge longevity.

® Proactive epoxy injection maintenance is far better that
traditional deck patching.

7. DEVELOPMENT OF GUIDELINES FOR STEP-
BY-STEP EPOXY INJECTION

Based on the results from this research effort, guide-
lines for epoxy injection of bridge deck were developed.
These guidelines provide step by step instructions to be
followed for effective epoxy injection. In developing these
guidelines, we considered input from the study advisory
committee, maintenance engineers, districts bridge asset
engineer, the districts, bridge crew workers and techni-
cians as well as field first-hand observations of the
injection procedure. The guidelines are included here.
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7.1 Epoxy Injection Instructions for Work Performance
Standards

7.1.1 Purpose

® The purpose of the epoxy injection process is to fill areas

where a rigid bridge deck overlay has debonded from the
bridge deck. The epoxy material protects the bridge deck
from moisture and can help support the overlay and
prevent it from failing under traffic loads. The epoxy

Ensure all air and resin lines are connected and tightened
down.

Connect dispenser lines, shut-off valves, and connect-its
(connect-its are small gold connectors that are used to
attach the injection nozzles to the end of the hoses—see
Figure 7.2).

Record the amount of epoxy material used to help keep
track of epoxy material usage.

Wear proper clothing, eyewear, gloves, and other appro-
priate equipment, along with PPE, to ensure protection
from epoxy resin and associated materials.

injection process can help to extend the service life of the
overlay and prevent the need for future expensive repairs
to the bridge deck overlay.

® Epoxy injection work should be included in the annual
Maintenance Work Plan by Technical Services.

7.1.4 Start-Up Procedures

® Start generator—check oil and gas prior to beginning
operation.

7.1.2 Overview

® An overview video detailing the equipment and proce-
dures used with the epoxy injection trailer can be found
here: https://web.microsoftstream.com/video/39b373d7-
a0b2-487f-afb0-2{7f19796992.

7.1.3 Setup and Pre-Injection Procedures

® Reserve epoxy injection trailer on the Central Equipment
Yard website prior to the scheduled time of use of the
trailer.

o The Central Equipment Yard website can be found at
the following link: https://centralequipmentyard.
myturn.com/library/inventory/browse?requested Format
=&offset=0&max=15.

® Set up traffic control according to the traffic control
plan.

o Epoxy injection process may be performed on one lane
of bridge at a time, so it is not necessary to close all
lanes on a bridge.

o Epoxy injection process may be performed at night-
time, performing work at night should be considered
for busy routes.

Figure 7.1 Laser thermometer.

® Ensure that weather conditions are appropriate.

o Epoxy injection cannot be performed in the rainwater
can infiltrate the port holes and become trapped within
the delaminated portions of the deck. The vacuum bit
on the hammer drill can also easily become clogged.

o The bridge deck temperature must be above 65 degrees
Fahrenheit to perform epoxy injection procedure. The
temperature can be checked using the laser thermometer
that is stored on the epoxy trailer (see Figure 7.1).

® Identify locations that require epoxy injection.

o Identify the extents of overlay delaminated areas using
Impact Echo NDT Scanner or chain drag.

o Use rod/hammer sounding to locate the exact peri-
meters of overlay delaminated areas and mark the
perimeters with spray paint.

® Seal cracks over and adjacent to the delaminated areas.

Use bridge deck crack filling material. Figure 7.2 Connect-its.
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® Connect only one extension cord to each outlet on

generator shop vacuum should be run off one outlet and
drill should be run off the other outlet.

® Mark injection and viewing port locations.

o Using the hammer, one should identify the areas
within the voided region that have an apparent higher
degree of delamination—areas that have the most
distinct hollow sound. These areas should be marked
as injection port locations. Additional ports should be
marked approximately 8"-12" apart depending on the
size of the delaminated area. Ensure outer holes
remain 6" from the perimeter of delaminated areas.

® Drill the port locations.

o Using a 1/2" vacuum concrete drill bit, hammer drill,
and shop vacuum, drill at each port location until the
void is penetrated. It may be obvious when the drill bit
reaches the void at some locations as there could be a
noticeable and immediate drop of the drill into the
voided area. At other locations, the penetration might
not be as obvious. Generally, drill 4” down as guide.
It is helpful to measure and mark the drill bit at the
4" depth. Do not exceed 6” in drilling depth.

o Ensure the shop vacuum is connected to the drill bit to
collect cement/concrete fine particles.

o Place crimps on the ports before the ports are inserted
in the drilled holes, but do not tighten crimps.

® Check oil level in the lift pumps.

o The lift pumps are located on the back wall of the
trailer (to the right as you enter the side door of the
trailer). There are two lift pumps, one for the A side
which is yellow and one for the B side which is blue
(see red box in Figure 7.3).

o There are two locations that need to be checked for oil
levels, the pump oil containers, and the seal lubricant
containers.

o The oil containers for the pumps are on the wall
opposite the side door to the trailer (see red box in

Figure 7.4). There are two identical oil containers here,
one for each pump.

The oil level for the pumps can be checked by
looking at the viewing windows on either side of the oil
containers. The oil level should be above the silver
midpoint line on the viewing window (see red arrow in
Figure 7.5).

o If the oil level is low (below the silver midpoint line) in
either or both pumps, add the Napa 756-1400 Air Tool
Lubricant oil (see Figure 7.6) that is stored in the
trailer to the oil container(s) until the oil level is near
the top of the viewing window.

o The seal lubricant containers are located on the pumps
themselves. The containers are small open cups located
directly below the main body of each pump (see red
arrows in Figure 7.7).

o The seal lubricant is poured directly into the cup; the
level of lubricant in the cup should be just slightly
below the top of the cup. Check the lubricant levels on
both pumps. If the level of lubricant is low, pour the
Graco Throat Seal Liquid that is stored in the trailer
directly into the cup until the level of lubricant is
slightly below the top of the cup (see Figure 7.8).

® Turn on both ball valves on the lift rods inserted in the
yellow epoxy barrels (see yellow box in Figure 7.9).

® Turn on ball valve on the lift rod inserted in the blue
epoxy barrel.

® Turn on main valves (see Figure 7.9). Note, the valves to
be turned on will be based on whether you are using only
one Lily dispenser or both dispensers. The use of one or
two of the dispensers depends on the area of bridge deck
being injected and the number of laborers on hand. The
use of two dispensers will allow for there to be two sets of
injection nozzles in use (two sets of three nozzles for six
total), while using one dispenser will allow for only one
set of three injection nozzles to be in use.

Figure 7.3 Location of lift pumps and oil containers.
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Figure 7.4 Lift pump oil containers.

Figure 7.5 Oil level in lift pump container.

® Turn on Lily dispenser pumps for both yellow and blue

resin lines. The dispenser pumps are located near the rear
door of the trailer on the wall opposite the side door (see
red arrow in Figure 7.10). See the yellow arrows in
Figure 7.11 for the location of the on/off switches on the
two pumps.

Turn on air compressor. The air compressor is electric
and should be plugged into one of the wall sockets
located in the trailer.

Reset Lily dispenser to help record the number of
cycles. This can be done by pressing the small gray
button on the cycle counter on each of the two
dispensers; see the red arrow in Figure 7.12 for the
location of the reset button. This is needed to calculate
the volume of epoxy used at the end of the injection
process.
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Figure 7.6 Napa 756-1400 Air Tool Lubricant oil for lift
pumps.

® Pull hoses for both A and B side materials out to the
bridge deck. Make sure to pull the full length of each
hose out on to the deck and to straighten the hoses out to
their full length to avoid kinks or tangles.

® Use only metal 5-gallon buckets to purge air from the
material lines (one bucket for yellow line and another
bucket for blue line). Metal buckets must be used due to
the heat of the epoxy material that will be dispensed from
the hose.

® Uncap hoses and bleed hoses for 20-30 seconds into
metal buckets?

® Connect A and B hoses to the Tempest mixing block
(yellow line inside A and blue line inside B; see yellow
box in Figure 7.13). Connect 1/4" outlet hose to the out-
let port of the mixing block (see blue arrow in Figure 7.13).
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Figure 7.7 Location of seal lubricant containers.

-

Figure 7.8 Filling of seal lubricant cap with Graco Throat

Install the gauge to the mixing block after installing the
A and B side hoses and the 1/4" outlet hose (see red
arrow in Figure 7.13). If using both dispensers, two
mixing blocks will be used.

Connect the four-way manifold connector (Figure 7.14)
to the end of the outlet hose. Connect the three 1/4" hoses
with nozzles on the ends to the other three ports of the
manifold connector.

Put all three nozzles into a metal bucket and open the
valves on the nozzles. Turn on the dispenser pump and
pump epoxy into the bucket until the epoxy output is a
consistent green color. This should be done by turning on
the pump and then watching the epoxy coming out of the
nozzles to view its color.

Shut off Lily dispenser and connect the three nozzles to
the port locations furthest from the trailer.

Turn on Lily dispenser to pressure close to but not
exceeding 20 psi. The pressure can be read on the cylinder
pressure gauge on the dispenser pump (see red arrow in
Figure 7.15) and can be adjusted by turning the Regu-
lator knob on the dispenser pump (see yellow arrow in
Figure 7.15).

o Note: a 20-psi pressure on the Lily dispenser will be
equivalent to about 4-5 times the pressure (80—-100 psi)
recorded at the injection port on the deck.

7.1.5 Epoxy Injection Procedures

® One person should remain in the trailer to monitor the

cycling rate on the Lily dispenser. The cycling rate can be
monitored with the cycling rate gauges that are on the
side of the dispensers that faces the back wall of the
trailer (see Figure 7.16).

Begin injection of epoxy at the port of most significant
delamination (to be determined by hammer tapping) and
cap adjacent ports as epoxy appears. Attach each of the
three nozzles to three of ports in a delaminated region.
Initially, turn of valves for each of the three nozzles.
Turn on one nozzle at a time to check that the epoxy is
flowing into a void. The cycling rate on the dispenser will
indicate how quickly the deck is receiving the epoxy, and
if there is a void being filled at the location of the port
being injected. The speed of the up and down motion of
the cycling rate gauge indicates the speed at which the
epoxy is being dispensed. Where the cycling is relative
steady and quick the injection can simply be monitored
periodically to ensure the injection is progressing. When
the cycling is very slow or not progressing at all, move to
adjacent injection port. If epoxy is flowing at a port,
leave that nozzle opened. If no epoxy is flowing at a port,
close the valve on that particular nozzle and move it to a
different port in the same delaminated region. Continue
in the same manner until all ports have been occupied
and the delamination has been filled in that region. It is
important to observe all ports in this injected area.
Firstly, cap ports as epoxy comes out and later crimp the
ports (click crimps twice, one on each side to prevent
epoxy from gushing out when the ports are trimmed).
Note that epoxy resin will not always extend to all
viewing ports (ports that are not currently having epoxy
injected into them) or to the perimeter of the delaminated
area. It is up to the judgment of the user to drill
additional ports to fill that remaining area. Generally, if
the vast majority of the delaminated area has been filled
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Figure 7.9

Main resin lines valves and valves on lift rods going into the resin barrels.

Figure 7.10 Location of Lily dispensers.

and only a small, voided area is thought to remain, the
void can be left without injection.

Don’t rush to cut off ports not taking epoxy early. Leave
until all the injection in that region is done.

In the event that epoxy flows out of the bridge deck at a
location that does not have a port inserted (a crack or
joint, for example), immediately stop injection at current
port. Clear the epoxy that has leaked onto the deck by
placing sand on top of the filled epoxy, mixing the sand
with the epoxy to absorb it. Let the sand sit on the epoxy
for several minutes and then remove the sand with
shovels and put it into a metal waste bucket.

Monitor the bottom of the deck during the injection pro-
cess to ensure epoxy resin is not leaking through the deck.
Leakage must be abated before injection can continue.

To verify effective injection, re-sound injected areas by
broadcasting sand on the area of interest and hammer
tapping. An unfilled area will sound hollow. Areas with
voids will experience appreciable bouncing of the sand
particles. Filled areas will sound solid and experience less
movement of the sand particles. A video of the re-
sounding procedure can be found here: https://web.
microsoftstream.com/video/762a56¢c2-ac47-4f85-aa8¢c-
013b4cedae7d.

Clean any area where epoxy has leaked onto the deck
using sand with the method described above.

Move to another marked delaminated/debonded region
to repeat the process.

Cut off part of the port’s extension beyond the crimps
upon completion of the epoxy injection.
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Figure 7.12 Location of cycle counter reset.

® Cut off all ports at the surface of the bridge deck and 7.1.6 Equipment Clean Up
make sure that all sand has been removed from the

bridge deck by shoveling or sweeping. ® Disconnect pump hoses from mixer and drain excess
® Perform equipment clean-up steps listed below. epoxy from the hoses into a bucket.
® Bridge can be opened to traffic approximately 1 hour

after the epoxy injection process is completed. o Leave thin tubing leading to nozzles attached to mixer.
® Remove all traffic control signs or devices. o Pour sand into waste epoxy bucket to cool down hot epoxy.

20 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2023/03



Figure 7.13 Tempest mixing block connections.

Figure 7.14 Manifold connections.

® [t is very important to clean all hoses and the tempest

mixing block that held any mixed epoxy resin after the
epoxy injection is completed for the day. This process is
easily done using the pressurized purge assembly that
accompanies the tempest mixing block. Once pressurized,
a solution of acetone is passed through the mixer thereby
removing any epoxy remnants. Hand tools and short
hoses can be placed directly into the purge assembly for
cleaning before storage. A video of this process can be
viewed here: https://web.microsoftstream.com/video/
84fc7191-6d5c-4e48-a8fa-a83628a816d0.

® Neatly wind-up A and B side hoses, and all extension

cords and hang them on the hooks on the walls of the
epoxy trailer.

Place generator, shop vac, and air compressor back in
trailer and strap down.

The procedures for cleaning and storing the epoxy
injection trailer equipment at the end of the season or
before a long period of inactivity (3-4 weeks) are
outlined in a video at the following link: https://web.
microsoftstream.com/video/038dfe47-1996-4e42-9¢e6c¢-
acc6d6223845.
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Figure 7.15 Cylinder gauge and regulator.

Figure 7.16 Cycling rate gauges.
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8. ANTICIPATED BENEFITS, DELIVERABLES,
AND IMPLEMENTATION

8.1 Benefits

Epoxy injection is a low-cost maintenance procedure.
Displacing water and filling voids at the interface of
concrete overlays and concrete deck with epoxy helps
reduce emergency bridge deck patching and extend
service life of bridge decks. Out of the approximately
6,000 state-owned/maintained bridges, 1,575 bridges
currently have LMC overlays, and 770 of those
overlays have a condition rating of 5 or 6 which may
be good candidates for epoxy injection. These numbers
support epoxy injecting a minimum of ten (10) concrete
overlaid bridge decks per district per year in perpetuity.

8.2 Deliverables and Implementation

8.2.1 INDOT Strategic Goals

Epoxy injection of bridge decks impacts the agency
in these strategic areas.

® Safety: ensure bridge safety for motorists, contractors,
and INDOT personnel.

® Asset sustainability: enhance ability to manage and
maintain bridge assets throughout their life cycle.

® [nnovation and technology: harness technology and
innovation to develop more effective bridge solutions.

The following are the keys to successful epoxy
injection of bridge decks:

® selecting the ideal bridge deck candidates,
® personnel with proper training,

® proper equipment, and
® proper procedures.

The following are the ideal bridge deck candidate
selection criteria for epoxy injection:

® debonded rigid concrete overlay,
® tight surface cracks,

® light to no cracking on soffit,

® very little to no spalls,

® delamination/debonding not exceeding 30% of deck area,

® deck rating greater than or equal to 5, and

® wearing surface condition rating greater than or equal
to 4.

8.3 Implementation

Based on the findings of this research, guidelines
have been provided for a step-by-step injection opera-
tion (see Chapter 7 of main report). Bridge asset
engineers for each district has already started incorpor-
ating epoxy injection activity into their maintenance
work plans. We have a quantity purchase award
agreement (QPA) in place for districts to order epoxy
material. Bridge maintenance crews in all six districts
have been trained to epoxy inject bridges effectively.
Currently, we have two fully equipped epoxy trailers
stored in a central equipment yard. All districts have
the ability to reserve these trailers for use. It is
recommended each district epoxy injects a minimum
of five (5) bridge decks each fiscal year. Epoxy injection
work should be added to the annual Maintenance
Work Plan by the bridge asset engineers.

A proposed maintenance life cycle for a typical
bridge deck, which incorporates epoxy injection, is
shown as follows.

Year 0: new bridge.

Year 3: maintenance silane spray and crack filling.
Year 6: maintenance silane spray and crack filling.
Year 10: thin deck overlay #1.

Year 20 to 25: thin deck overlay #2.

Year 30 to 40: LMC overlay #1.

Year 45 to 55: Epoxy injection.

Year 50 to 60: potential LMC overlay #2.

Year 60 to 70: potential epoxy injection.

Year 50 to 75: deck replacement.

Repeat deck cycle treatments.

In the current INDOT Maintenance Work
Performance Standards, epoxy injection is included as
sub activity 841 under Activity 2490-Other Bridge
Maintenance. See Figure 8.1.
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DIVISION OF MAINTENANCE

ACTIVITY

Purpose

Other Bridge Maintenance

Complete other bridge maintenance or repair that is not identified with a
separate activity.

INDIANA DEPARTMENT OF TRANSPORTATION

WORK PERFORMANCE STANDARD

[[] Plan Location

Scheduling & Coordination

activities.

Reporting

« Accomplishment is the total person hours worked.
« Report to the specific bridge asset each time this activity is performed.

Schedule this work throughout the year as needed. Observe weather and temperature limitations for individual

- XIS CRENEL G Bridge Structures JREHLLIGTRIGTHEN Person Hours

being performed

wewen | QTY X

PPE determined by sub-activity to which will be

Crew size determined by sub-activity being performed

performed
Materials determined by sub-activity to which will be

< . performed
Job Specific Equipment Qry
Job specific equipment determined by sub-activity

Other References
Silica Exposure Plan (WPS Preface)

Sub Activities

830 — Scour repair (Rip Rap placement)

832 - Bearing Assembly / Bridge Seat repair
(bearing lubrication, reset bearings, mudwall repair,
Seal abutment)

833 - Channel maintenance (log jam removal, debris
removal, etc.)

834 - Graffiti Removal
835 — Joint replacement
836 — Repair joint material

837 — Repair of slopewall

838 - Repair to drainage component (curb and gutter,
drains, drain extensions)

839 -Repair to traffic safety component (handrail,
sidewalk, guardrail attachments, bridge barrier)

841 — Epoxy Injection

— Bridge Approach Repgj

Average Daily Production Person Hours

EFFECTIVE DATE

8/10/2022

Figure 8.1 INDOT maintenance work performance standard.

9. CONCLUSIONS AND RECOMMENDATIONS

9.1 Summary and Conclusions

Epoxy injection is a viable and proactive bridge
maintenance alternative to traditional deck patching as
it requires less manpower, less destructive and low-cost.
Concrete overlays have proven to be an effective main-
tenance treatment as they slow de-icing chemical and
water penetration into the original deck surface. Typi-
cally, due to vibration, structural flexibility, and weak
bond between the concrete overlay and deck concrete
potentially due to poor construction, de-bonding devel-
ops at the boundary between the original deck and
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overlay. This de-bonding creates voids, providing reser-
voir for chloride laden water to fill after it penetrates
cracks in the surface. Displacing this liquid solution and
filling these cracks with epoxy helps reduce freeze/thaw
cycling and reduces spalling. The epoxy material protects
the bridge deck from moisture and helps support the
overlay and prevent it from failing under traffic loads.
This leads to an extension of the asset life span and life
cycle cost benefit increase. Overall, the bridge infrastruc-
ture performance improves significantly with greater
mobility and less traffic interruptions due to repairs to
bridges on our roadway infrastructures. Epoxy injection
helps extends the service life of bridge decks and reduces
the need for emergency bridge deck patching and as a
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result improves safety of road users. Epoxy injection
has been added to INDOT’s Maintenance Work Perfor-
mance Standards during the course of this study.

9.2 Recommendations

It is recommended each district injects about
minimum of five (5) each fiscal year. Epoxy injection
work should be included in the annual Maintenance
Work Plan by Technical Services. It is imperative to
monitor injected bridges in the near future.
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APPENDIX A. EPOXY INJECTION TRAILER AND ACCESSORIES

. Enclosed trailer

. Lily CD 15 Dispenser (2 Qty.)

. Lily Tempest Mixer Assembly

. Lily Purge Assembly

. Injection Ports

. Caps for Injection Ports

. Connect tools

. Tubing (250" Reel)

. Shutoff Cock

10. Seal Tool

11. Socket Setting Tool

12. Crimps

13.Manifold (MR-3-4 Way)

14. 7500W Gas Generator

15. Material Transfer Pumps (2 Qty)

16. Air Compressor

17. Electrical system to power trailer lighting and air compressor
18. Hoses (pneumatic and material)

19. Drills and bits for installing epoxy injection ports

20. High efficiency vacuum systems for drill debris pickup
21. Safety equipment for personal protection and spill clean-up
22. 55 gallon drum dolly

23. Temperature Gun

24. Dry Sand

25. Metal 5 Gallon Buckets

O©oo~NOoO Ol WwWwN -

Table A.1 Epoxy injection accessories

Lily P/N Qty Description

2 CD15 CD15 DISPENSER

1 A-118-2 PURGE ASSY - CD15 1/2JIC

4 A-955 TEMPEST MIXER ASSY - CD15
40 P-235 P-235 INJECTI-REGULAR PORT (LOT 250)
30 P-226 P-226 CAP-ITS (500 LOT)

10 P-228 P-228 CONNECT-IT (LOT 10)

2 P-134 N-4 TUBING (250 ' REEL)

20 P-233 FF-2 SHUTOFF COCK

1 P-493 CAP SEAL TOOL

1 p-317 SOCKET SETTING TOOL

50 P-316 CRIMP-ITS (LOT OF 250)

5 A-270 MANIFOLD - MR-3 - 4 WAY

A-1



Central Indiana Rubber Products, Inc.

QUOTATION

Phone # T65-362-779 Date Quote #
Fax # T65-362-T841 sflaal 11638
800-382-0972
www.indianarubber.com
Name / Address
Indiana Dept. of Transportation
RESEARCH & DEVELEMENT
1205 N. MONTGOMERY ST.
WEST LAFAYETTE, IN 47996
PO BOX 2279
Proposed Shipping Date Terms Sales Rep
MNet 30 Days
Description Qty Units Price Total
/8" LD 200 PSI AW HOSE 120 FT 1.06 127.20
2FM2-B (-D COUPLER ] EA .40 51.20
2FS3-B Q-D COUPLER 8 EA 8.52 6816
D2M2 Q-D PLUG ] EA l.61 12,88
209P-12-4 BRASS BUSHING ] EA 4.33 3464
102-0606C BRASS HOSE BARB 16 EA 2.32 37.12
215PN-4-20 BRASS NIPPLE 6 EA 218 13.0%
2203P-4 BRASS TEE ] EA 4.99 3992
14R113FC REGULATOR 4 EA 35.16 140.64
3/8" BRASS BALL VALVE [ EA 6.93 41.5%
L54312-6-6B PUSH LOK FITTING 10 EA 5.30 33.00
4312-6-68B PUSH LOK FITTING 10 EA 1.68 16.80
BFM6GET BRASS COLLOR &l EA .60 36.00
GH781-08 HYD HOSE S00 FT 5.60 2. 800,00
TAASFICE HYD FITTING 12 EA 27.41 32892
TAARPSE HYD FITTING 0 EA 12.34 370.20
1/2" C/S BALL VLAVE 10 EA 40,44 404 40
2081-32-165 BUSHING [ EA 28.93 173.5%
20%1-16-085 BUSHING 8 EA 6.42 5136
HT4F4 HYD PLUG ] EA 39.09 31272
4HTF4 HYD COUPLER ] EA 69.50 536.00
Subtotal
Sales Tax (7.0%)
Total
EMAIL:
kent.richmond@indianarubber.com
Signature




Central Indiana Rubber Products, Inc.

QUOTATION

Phone# 765-362-7790 Date Quote #
Fax # T65-362-7841 W14t 12638
800-382-0972
www.indianarubber.com
Name [ Address

Indiana Dept. of Transportation

RESEARCH & DEVELEMENT

1205 N. MONTGOMERY ST.

WEST LAFAYETTE, IN 47996

PO BOX 2279

Proposed Shipping Date Terms Sales Rep
Met 30 Days
Description Qty Units Price Total
SPN-12 LOOP CLAMP 75 EA 1.44 108.00
SPN-16 LOOP CLAMP 75 EA 1.56 117.00
208P-6-4 BRASS REDUCING COUPLING 10 EA 5.26 52.60
209P-8-6 BRASS BUSHING 12 EA 2.60 31.20
2083-8-88 ADAPTOR 10 EA 2.57 25.70
1/2" S/S TEE 3] EA 5.92 35,52
1/2" X 3.0" S/§ NIPPLE B EA 4.62 36.96
1/2" 8/8 90 DEG ELBOW 3] EA 4.34 26.04
1/2" 8/§ COUPLING 4 EA 4497 19,88
2045-8-125 ADAPTOR 4 EA 7.35 29.40
2096-8-88 ADAPTOR 3] EA 6.00 36.00
224-889 KIT CONVERSION PTFE GRACO 4 EA 264.83 1.059.32
SORRY FOR THE DELAY
THANKS,
MIKE
PLUS INBOUND FRT
200P-8-8 1/2" BRASS 90 DEG ELBOW 3 EA B.56 2568
208P-8-4 BRASS REDUCING COUPLING 4 EA 5.86 2344
Subtotal

Sales Tax (7.0%)

EMAIL:

kent.richmond@indianarubber.com

Total
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Central Indiana Rubber Products, Inc.

QUOTATION

Phone# T765-362-77% Date Quote #
Fax # T65-362-T841 M4l 11638
800-382-0972
www.indianarubber.com
Name / Address
Indiana Dept. of Transportation
RESEARCH & DEVELEMENT
1205 N. MONTGOMERY ST.
WEST LAFAYETTE, IN 47996
PO BOX 2279
Proposed Shipping Date Terms Sales Rep
MNet 30 Days
Description Qty Units Price Total
215P-4 1/4" BRASS PLUG 3 EA 1.10 3.30
2021-08085 ADAPTOR ] EA 2.33 15.64
2047-8-125 ADAPTOR kS EA 13.54 55.36
LAABFIE HYD FITTING ] EA B.25 6o .00
REVISED 3-22-22
Subtotal $7.439.44
Prices firm for 10 days.
Sales Tax (7.0%) $0.00
Prices subject to Manufacturers increases.
Total §7.439.44
EMAIL:
kent.richmond@ indianarubber.com
Signature
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APPENDIX B. QUANTITY PURCHASE AWARD (QPA) FOR EPOXY
MATERIAL

ATTACHMENTB
INDIANA DEPARTMENT OF TRANSPORTATION (INDOT)
QUANTITY PURCHASE AWARD (QPA) AGREEMENT
MINIMUM SPECIFICATIONS FOR EPOXY MATERIALS FOR BRIDGE DECKS

1. General

Item Item Description Compliance

1. Axson Technologies Akabond 818 or INDOT approved alternate.

Epoxy material shall be 100% solids, low viscosity epoxy adhesive that
is suitable for pressure injection.

HKyes [no
Manufacturer: Axson Technologies

Product Name: Akabond 818

2. All material supplied shall have a shelf life of 12 months whenstored in | X yes [ no
original, unopened containers between 55 and 77 degrees Fahrenheit.

3. The liquid epoxy components shall be packaged in 55-gallon drums | Ddyes [ no
and delivered on wooden pallets.

4. The material shall be certified to meet ASTM C-881: Hyes [lno
Types |, I, MV and V.
Grade 1, Classes B and C.

5. The liquid epoxy components supplied shall meet the following physical HMyes [lno

properties:
Akabond | Akabond

Applcable | partper | Hardener | PartA

Property Sptgndard NDdT Part B,or | and Part
Apbroved INDOT B Mixed
FlJEp'qualI Approved
Equal
Composition Epoxy Amine
Mix Ratio
By Weight: 100 43
By Volume: 100 50 21
Appearance Liquid Liquid Liquid
Color Yellow Blue Green
Viscosity @
77°(25° C) Aiggﬂslj 700 35 200
cPs
Density @ 77°
o ASTM D

(25° C) 792
alcc 1.13 0.96

Page 17 of 19
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(Ib/gal)

9.4)

(8.05)

PotLife @ 77°

(25° C)229 g A%E;ﬂ D 20
minutes
Epoxy shall meet the following physical properties at 74° F (23° C)
when cured:
Property Aéptglr:céi?:f Unit Value
Hardness ASTM D 2240 Shore D 82
Tensile Strength psi 10,100
ASTM D 638 (MPa) (70)
Tensile Modulus psi 472,000
ASTM D790 (mPa) (3.250)
Flexural Strength psi 14,500
ASTM D 790 (mPa) (100)
Flexural Modulus psi 511,000
ASTMD 790 (mPa) (3,520)
Compressive psi 14,700
Strength ASTM D 695 (MPa) (101)
Compressive psi 353,000
Modulus ASTM D 695 (MPa) (2.430)
Glass Transition o 141
Temperature DMA (°C) (61)
(Tg)
Application “F =40
Temperature (°C) 4)
Final Cure days 7
Water 24 Hour
Absorption Immersion % 0.27
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ATTACHMENTC

INDIANA DEPARTMENT OF TRANSPORTATION (INDOT)
PRICING SHEET FOR EPOXY MATERIALS FOR BRIDGE DECKS

ITEM | EST. | UNIT ITEM DESCRIPTION UNIT PRICE UNIT PRICE
# | ary. (May 1,2022  (May 1, 2023 thru
thru April 30, April 30, 2024)
2023)

Akabond 818 Part A liquid epoxy
resin for injection bridge deck

patching

Manufacturer: Axson $3,701.35 $4,256.55
Technologies PER DRUM PER DRUM

Part #
A PS: 100409257 PS: 100409259

1. 24 Drum

Akabond 818 Part B liquid
hardening agent for injection bridge
deck patching

Manufacturer: Axson

2. 12 Drum | Technologies $2,599.34 $2,989.24

PER DRUM PER DRUM

Part #
B

PS: 100409258 PS: 100409260
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APPENDIX C. STATE EPOXY INJECTION SURVEY RESULTS

1. How long have you been with the bridgeimaintenance crew?

i-Lmﬂm!m B Z-Gyees I over Gpean

2, Did you have hands on experience with the demo epoxy injection in your District?

. e N
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3, Honw defficult was it to learm how to do apoxy njection?

18 rimiitrtird

f
|

4

A H.TS) JHETN) A{TETH)
2

1iB%) 0 (50%) 1 (56%)
[=Ri= ] 10 @ %)
(i
i 2 3 F 5 & 7 i 8 10
L] & ] il ] L * am 0 k]
veyraa O O O O O O O O O O veryzesy
4. How beneficial was the field training?
18 resporiies
i
11 (B0.1%)
10
5 i {52 %)
ST1%)
i {LE%)
{ (U} 0 [P %) - 0% 0% 0 [
, -
1 i 3 4 | G f g ¥ H
B ! - 5 r ] i
EraEE e s e [ - L m— iL B L — | — - L m— L — n} i & S PR R TR e P
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5. Was the time spent injecting bridge worth the desired output?

Yo BN B Mol Sare

L[V

6. What are your peroeived bensefits for the cresw and the bridge concerning this woek ?

Boring

From rmy understanding and what was expiaened 10 me but i1 seemed 1o be o better and mohe
efficient way to fill in voids on bridges

less deck patching

I den't get 1o vae the jack hammer as much,

The bridge can be released to traffec without waiting the length of time as concrete. Less work
compared 1o jackhammers.

I could not S The oUl Coma.

HNo more going back do to jackhammering hopefully.

Kot inhaling exposed chemicals and being more efficient

[T

Boring and yes it will make the bridge deck last longer by. Filling voids under overlay. Bul didn't
feel it was worth the time and effon n's borning

Longer bridge life

Thig is reduce the needs of permnanent deck patching,

adided time before bridge deck has to be patched for spalling

Mot having to jack-hammer all the lime.

Helps the bridge deck lost longer

Repairing deck delarmination belare it becomes o kol 15 just good preventative brdge
IONTenance,

less jackihammeering in the future

It wyill e & lot of money in materniad in the bong run



7. What were your biggest concerns of the process?18 responses

None off the top of my head

sounding the deck on a noisy road

When is coming back for me to repair.

Chemical exposure.

Was the trailer going to make all 5 other districts without failure.
Was the trailer going to make all 5 districts.

The slowness of the epoxy that occurred sometimes
Are all the voids being filled?

Making sure the voids are filled

Did not have any.

both lilly pumps working correctly

Making sure no chemicals got into water ways.
None get more people

Making a mess on the bridge with spilled epoxy.
blowouts

Trying to learn something | haven't ever done

B. Hiw can we imphoe epoy infection o the tralning? Please enber By comments of suggenians belew: 18
FeSRONSEs

I thought the training was very straightforward and easy 1o understand

all was good

It it was going to work throughout the different locations.

We need people 1o appreciate it, take care of the equipment and understand components to help
maintain its effectiveness, Possibly having a person assigned to look after the operation per district
and insure accountability,

AJC, s100ls, extra generator,

&G, Stoods, exira genesalor,

Mathing | think everything is explained well

The training was well conducted.

da more training or of the actual protess mone frequently

Training was fine,

Gel more people doing hands on during training

bAaybe create a visual labeling sy=stem end hand signals for the individeal injection valves. in order
1o make the process of elimination of what valves ane Tlowing epoxy and what aren't, easier o
communicate between the man in the trailer and the men on the deck.

trainang on epaxy trailer is hands on, the demo this year had everyone standing watching and three
peopée working

Definitely has to be hands on training.
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9. What arexs of additional training would be helplul 718 responses

None off top of my head

Making sure things are strapped down and cleaned.

This process | fedl s vedy hands on, learming this way lakes mone ime. Possdbly have a
made! trainng plan drawn up Tor operators to complete.

Cleaning and Strapping things down

pump tear down

Not sure

MNone pretty easy even for a rookie. Kind of like reading a kids book in college

Flnl:llng wolds

Maybe a list of supplies, a5 in where and what 1o purchase,

Breaking down and cleaning of equipment.

None

Deck sownding.

| thieni: i wouwdd be helpful 1o show a quick vwdeo the day Deforg 5o people afent thrown imo
the epoy injecton blmdly

10, Can opoxy injection be easily fit into your work plan?

RO TR TR

B-8



1. How many bridges do you think your District could comfortably imgact in 8 yoar?

M -0 -0 -3 Oesr 30 I Mot e

[

1. Do youw think having a Statewide 3-man specialty crew solaly injecting bridges in all Districts is
tha most afficient way 1o accomplish thesa?

B
B ves N O o Suen
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13, Should each District have its cwmed injection trailes?

jaLia

1. What were your biggest lakeawsys from the dema epoxy injection in your District 718 responses

It was a very easy process to bearn and use, seems to be much more efficient and less strain on
your body doing the work

epoxy is better than deck patching

It got me out of work in other areas.

Le=ss mess, recover time to ket traffic flow. Results from impact Echo show improvement.
Less work in other areas.

Seems 10 be a ol easier on the body and the bridge deck.

Making time go by Tas1 versus patching

MR

Long boring days.

Bridige longevity

How much of a time saver and lower cost in the kong run it wall be over deck patching.
extends the lifespan of the brigge deck before patching has 1o occur

Using a less destructive method to repaining are bridge decks.

It works

The importance and labor savings of epoxy injection to prevent deleriofation of cur bridge decks.
| was part of the demo

Easy to learn
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15. Any other comments or suggestions

Lots of big labels in the trailer saying where things go

n/a

I think three man crew from 2 districts would be better, team up and knock them out together, so that the remaining
crews at there districts can continue to do there regular work activities.

Nope all is covered

You all built a great setup! | think a 3 man crew throughout the sate is good, but also one at each District would be
beneficial as well. | honestly don't think you could go wrong either way.

Better than jack hammering .

None

| enjoyed doing the epoxy injection.

we should explore other uses of this material

It's a lot more money but | would suggest maybe 2 3 man crews per district would be more efficient
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APPENDIX C. STATE EPOXY INJECTION SURVEY RESULTS

1. How long have you been with the bridgeimaintenance crew?

i-Lmﬂm!m B Z-Gyees I over Gpean

2, Did you have hands on experience with the demo epoxy injection in your District?

. e N

C-1



3, Honw defficult was it to learm how to do apoxy njection?

18 rimiitrtird

f
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1iB%) 0 (50%) 1 (56%)
[=Ri= ] 10 @ %)
(i
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4. How beneficial was the field training?
18 resporiies
i
11 (B0.1%)
10
5 i {52 %)
ST1%)
i {LE%)
{ (U} 0 [P %) - 0% 0% 0 [
, -
1 i 3 4 | G f g ¥ H
B ! - 5 r ] i
EraEE e s e [ - L m— iL B L — | — - L m— L — n} i & S PR R TR e P

C-2



5. Was the time spent injecting bridge worth the desired output?
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Helps the bridge deck lost longer
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It wyill e & lot of money in materniad in the bong run



7. What were your biggest concerns of the process?18 responses

None off the top of my head

sounding the deck on a noisy road

When is coming back for me to repair.

Chemical exposure.

Was the trailer going to make all 5 other districts without failure.
Was the trailer going to make all 5 districts.

The slowness of the epoxy that occurred sometimes
Are all the voids being filled?

Making sure the voids are filled

Did not have any.

both lilly pumps working correctly

Making sure no chemicals got into water ways.
None get more people

Making a mess on the bridge with spilled epoxy.
blowouts

Trying to learn something | haven't ever done

B. Hiw can we imphoe epoy infection o the tralning? Please enber By comments of suggenians belew: 18
FeSRONSEs

I thought the training was very straightforward and easy 1o understand

all was good

It it was going to work throughout the different locations.

We need people 1o appreciate it, take care of the equipment and understand components to help
maintain its effectiveness, Possibly having a person assigned to look after the operation per district
and insure accountability,

AJC, s100ls, extra generator,

&G, Stoods, exira genesalor,

Mathing | think everything is explained well

The training was well conducted.

da more training or of the actual protess mone frequently

Training was fine,

Gel more people doing hands on during training

bAaybe create a visual labeling sy=stem end hand signals for the individeal injection valves. in order
1o make the process of elimination of what valves ane Tlowing epoxy and what aren't, easier o
communicate between the man in the trailer and the men on the deck.

trainang on epaxy trailer is hands on, the demo this year had everyone standing watching and three
peopée working

Definitely has to be hands on training.
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9. What arexs of additional training would be helplul 718 responses

None off top of my head

Making sure things are strapped down and cleaned.

This process | fedl s vedy hands on, learming this way lakes mone ime. Possdbly have a
made! trainng plan drawn up Tor operators to complete.

Cleaning and Strapping things down

pump tear down

Not sure

MNone pretty easy even for a rookie. Kind of like reading a kids book in college

Flnl:llng wolds

Maybe a list of supplies, a5 in where and what 1o purchase,

Breaking down and cleaning of equipment.

None

Deck sownding.

| thieni: i wouwdd be helpful 1o show a quick vwdeo the day Deforg 5o people afent thrown imo
the epoy injecton blmdly

10, Can opoxy injection be easily fit into your work plan?
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13, Should each District have its cwmed injection trailes?
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1. What were your biggest lakeawsys from the dema epoxy injection in your District 718 responses

It was a very easy process to bearn and use, seems to be much more efficient and less strain on
your body doing the work

epoxy is better than deck patching

It got me out of work in other areas.

Le=ss mess, recover time to ket traffic flow. Results from impact Echo show improvement.
Less work in other areas.

Seems 10 be a ol easier on the body and the bridge deck.

Making time go by Tas1 versus patching

MR
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How much of a time saver and lower cost in the kong run it wall be over deck patching.
extends the lifespan of the brigge deck before patching has 1o occur

Using a less destructive method to repaining are bridge decks.

It works

The importance and labor savings of epoxy injection to prevent deleriofation of cur bridge decks.
| was part of the demo

Easy to learn
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15. Any other comments or suggestions

Lots of big labels in the trailer saying where things go

n/a

I think three man crew from 2 districts would be better, team up and knock them out together, so that the remaining
crews at there districts can continue to do there regular work activities.

Nope all is covered

You all built a great setup! | think a 3 man crew throughout the sate is good, but also one at each District would be
beneficial as well. | honestly don't think you could go wrong either way.

Better than jack hammering .

None

| enjoyed doing the epoxy injection.

we should explore other uses of this material

It's a lot more money but | would suggest maybe 2 3 man crews per district would be more efficient
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APPENDIX D. EPOXY INJECTION ON BRIDGE NBI 36660 (MONSTER
BRIDGE)

Material
Western 1500 ft & lanes 30% delamination
Total 32,400 sq ft
Rate 0.1 gal/sft 3240 gal
~60 drums
40 part A
20 partB
Price 561 per gal
$197,640
Labor
1500 sft per shift
22 & hour shifts
Parts
Ports, tools, cleaning 52,500

Figure D.1 Monster bridge epoxy injection quantities.
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Deaparumm of
Transportation

Purchase Order

Dispatch via Print

Supplier: 0000405221
SIKA CORPORATION
201 POLITO AVE
LYNDHURST MNJ 07071

Tax Exempt? Y Tax Exempt ID: 0004857013

Purchase Order Date Revision Page
00B00=0020083966 0472672022 1
Payment Terms  Freight Terms Ship Via

35 Arrears FOB DESTINATION VENDOR

RESPONSTEL
Buyer Phone/Email Currency
Erin Hermann-00800 usD
Ship To:  B00IDOT38

Attention:

Bill To:

na-Sch_Item/Dascription Mfg ID

- 1 Akabond 818 part A liguid epoxy
regsin for injection bridge deck
patching

2- 1 aAkabond 818 Part B liguid
hardening agent for injection
bridge deck patching

Please send invoices to greenfieldinvoices@indot.in.gov

Replanishment Option: Standard

Dept OFf Transportation
Indianapolis Subdistrict
7105 5 BROOKVILLE RD
INDIAMAPOLIS IN 46239
United States

William Andrew Byers - 00800

Dept Of Transportation
Greenfield District

32 5 BROADWAY
GREENFIELD IN 46140
United States

Quantity UOM PO Price Extended Amt
2,200.00GAL 87 .30 148, 060.00
Schedule Total 148,060.00
Item Total 148, 0680.00
1,100.00GAL 47 .28 51,%86.00
Schedule Total 51, 986.00
Item Total 51,986.00

In Accordance with the Award of Solicitation #800-22-120, Attachments A & B

Delivery iz required within 80 Calendar Days

Vendor Contact: Brandon McMamara
Phone: 201-249-1993
Email: menamara.brandon{@us. sika com

INDOT Contact: Mark Anderson
Office: (317) 356-2412 ex. 222
Email: maanderson1@indotin.gov

Please send invoices to greenfieldinvoices@indot.in.gov

Deliveries acceptable only between 5:004M and 4:00PM, Monday
through Friday, excluding State Holidays

Total PO Amount 200,046.00

Authorized Signature
(?m M 4/26/2022




CONTRACT #45297

DESCRIPTION Polyurethane PCC Sealers/Healer

BID #800-21-035

CONTACT INFORMATION
Company Name Northern Crack Repair & Supply
DBA N/a
Purchase Order Mailing Address 8140 W. 350 N.
City, State and Zip Angola, IN 46703
Vendor Contact Name Scott Townsend
Phone Number 260-829-6860
Fax Number N/a
Email fixit@northerncrack.com
Federal Identification Number 47-3792282
Website Address Na

Extend pricing to other Governmental bodies? Yes.
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Work Order

Actions ¥
Wo# Labor DC Exists Equipment DC Exists
22470908 Yes Yes

Material DC Exists

Cost DC Exists

Accomplishments DC Exists

Yes

PS Cost DC Exists

No

Location Exists

Yes

Management Unit

No Yes (3102) - TIBBS UNIT (PS065454)
Category (Project) Asset Type Responsible Crew
ERIDGE Bridge Structures

Activity Subactivity Start Date

2451 - PERMANENT BRIDGE DECK PATCHING (SQF - 5. 00: * NO SUBACTIVITY Ti26/2022

Finish Date Duration Plan Amount
712712022 24 220

Amount Labor Cost ($) Equipment Cost ($)
220 $2,453.01 $4,134.12

Material Cost ($) Other Cost (3) Status

$600.83 $0.00 Completed

‘Work Completed Date Start Hour End Hour
712772022 i1 ]

Calendar Activity Category Man Hour Used
Sun-Sat 24hrs ERIDGE 109

Comments Attach. User Update

Crew patched lanes 2 and 3 on monster bridge DBARTLETT

Date Update

81872022 1:40 AM



Actions v

WO#

Labor DC Exists

Equipment DC Exists

22581732

Material DC Exists

Yes

Cost DC Exists

Yes

Accomplishments DC Exists

Yes

PS Cost DC Exists

No

Location Exists

Yes

Management Unit

Mo

Category (Project)

Yes

Asset Type

(3102) - TIEBS UNIT (PS065454)

Responsible Crew

ERIDGE Bridge Structures
Activity Subactivity Start Date
2490 - OTHER BRIDGE MAINTENAMNCE (MHR - WORK ... 841 EPOXY INJECTION 8/25/2022

Finish Date Duration Plan Amount
8/26/2022 11.5 82

Amount Labor Cost ($) Equipment Cost ($)
82 51,904 39 $2,959.18
Material Cost ($) Other Cost (S) Status

57,462 12 50.00 Completed
Work Completed Date Start Hour End Hour
B/26/2022 12 55

Calendar Activity Category Man Hour Used
Sun-Sat 24hrs ERIDGE 82

Comments Attach. User Update
Epoxy injection 65 MB MLK exit ramp KSEXTOMN

Date Update

0/13/2022 325 AM

<< < [1 | ofttotalrows> >>
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Figure D.1 Bridge NBI 36660 Impact Echo NDT delamination map layout references.
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IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 036660, BRIDGE #: 165-112-02419C; 1-65 OVER 7 STS ACCESS RD, MONORAIL; GREENFIELD DISTRICT

NBI 036660: SB RAMP PANEL 1: MAP A

NBI 036660: SB RAMP PANEL 2: MAP B

DELAMINATION/DEBONDING SOUND CONCRETE
TEST PERFORMED BY: CK, T], DL, RB, & CF TEST ID: B2205230001 DATE: 8/4/2022
TEST DATE: 7/27/2022 & 7/28/2022 ANALYZED BY: PB 2/15
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IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 036660, BRIDGE #: 165-112-02419C; 1-65 OVER 7 STS ACCESS RD, MONORAIL; GREENFIELD DISTRICT
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IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 036660, BRIDGE #: 165-112-02419C; 1-65 OVER 7 STS ACCESS RD, MONORAIL; GREENFIELD DISTRICT
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IMPACT ECHO BRIDGE DECK NDT DELAMINATION/DEBONDING MAP
BRIDGE NBI 036660, BRIDGE #: 165-112-02419C; 1-65 OVER 7 STS ACCESS RD, MONORAIL; GREENFIELD DISTRICT
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BRIDGE NBI 036660, BRIDGE #: 165-112-02419C; 1-65 OVER 7 STS ACCESS RD, MONORAIL; GREENFIELD DISTRICT
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About the Joint Transportation Research Program (JTRP)

On March 11, 1937, the Indiana Legislature passed an act which authorized the Indiana State
Highway Commission to cooperate with and assist Purdue University in developing the best
methods of improving and maintaining the highways of the state and the respective counties
thereof. That collaborative effort was called the Joint Highway Research Project (JHRP). In 1997
the collaborative venture was renamed as the Joint Transportation Research Program (JTRP)

to reflect the state and national efforts to integrate the management and operation of various
transportation modes.

The first studies of JHRP were concerned with Test Road No. 1 —evaluation of the weathering
characteristics of stabilized materials. After World War II, the JHRP program grew substantially
and was regularly producing technical reports. Over 1,600 technical reports are now available,
published as part of the JHRP and subsequently JTRP collaborative venture between Purdue
University and what is now the Indiana Department of Transportation.

Free online access to all reports is provided through a unique collaboration between JTRP and
Purdue Libraries. These are available at http://docs.lib.purdue.edu/jtrp.

Further information about JTRP and its current research program is available at
http://www.purdue.edu/jtrp.

About This Report

An open access version of this publication is available online. See the URL in the citation below.

Baah, P. (2023). Implementing epoxy injection in concrete overlaid bridge decks (Joint Transporta-
tion Research Program Publication No. FHWA/IN/JTRP-2023/03). West Lafayette, IN: Purdue
University. https://doi.org/10.5703/1288284317588
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