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1. Background and Introduction

Bridge deck overlays (such as asphalt concrete, Portland
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a common issue known as debonding. A survey was
conducted among ODOT staff including Bridge
Maintenance Engineers and Bridge Construction
Engineers from Districts 1 - 8. Some important aspects
understood from the survey are: (1) membranes are
needed when asphalt overlays are placed on concrete

decks; (2) exposed concrete decks are often overlaid with

asphalt concrete, for example, the bridges on US-60

Source: FHWA.

Figure 1 Deteriorated bridge deck between Tonkawa and Ponca City; (3) asphalt concrete
was used a lot as bridge overlays however, without a
membrane, they cannot be laid. Even if the overlay appears intact, the concrete deck beneath may
suffer from hidden deterioration, such as rebar corrosion and delamination (Figure 1). New
materials must be researched to evaluate their effectiveness in bonding to concrete bridge decks.
Thermoplastic based woven composites are newly emerging and the information about their
behavior as reinforcement in concrete is underexplored. Thermoplastic based woven composites
present a wide range of applications in the present context as they possess superior geometrical
flexibility compared to thermosetting fiber composites. Figure 2 shows the types of thermoplastic
woven composite materials available. Thermoplastic based FRP composites could potentially be
used as a reinforcing element for concrete structural systems with improved mechanical flexibility,

greater design feasibility, and the structure having higher geometrical complexities than the

scenarios compared to few years back.



Figure 2 (a) Lattice Formation using 3D printed thermoplastic CFRP membrane, (b) CFRP lattice
reinforcement (pictures provided by WEAV3D Inc)

2. Problem Statement

Some scenarios for concrete bridge deck repair involve inadequate bond between overlay and
bridge deck leading to various distresses, including slippage, delamination, longitudinal joints
failure, fatigue cracking, and rutting. Inadequate bond does not allow the cross-section act as a
single monolithic unit (Figure 3). This is detrimental to structural integrity and causes major
problems associated with bridge deck failures. Detecting and repairing this damage is often costly
and time-consuming due to the inaccessibility of the underlying concrete for direct inspection. To
maintain durability over its design life, special attention should be given to the protection of bridge
decks to prevent serious damage to the concrete and structural reinforcement. It is of vital
importance to develop solutions and investigate alternatives that can not only improve adhesion
between overlay and underlying concrete decks and maintain the necessary strength requirements
but also reduce maintenance cost throughout its service lifetime.
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Figure 3 Schematic showing poor bond and good bond between overlay and bridge deck



3. Objectives and Research Approach

The objectives of this project are to:

(a) evaluate the adhesion properties of thermoplastic FRP tapes with exothermic overlay materials
through mechanical tests;

(b) compare the properties to Portland cement concrete overlay, and

(c) evaluate crosslinking interactions between the thermoplastic material with exothermic overlay
materials through microscopic investigations.

Goal: The Goal of this project is to examine the potential of advanced thermoplastic woven Fiber
Reinforced Polymer (FRP) tapes that can develop a cohesive bond with overlays due to their
fundamental exothermic behavior allowing crosslinking action. Highly exothermic bridge deck
overlays (>50°C (122°F)) (such as asphalt concrete, latex-modified concrete, epoxy polymer
concrete, or polyester polymer concrete) generate high amounts of heat upon mixing its
constituents.

The hypothesis is backed by fundamental crosslinking mechanism of polypropylene thermoplastic

polymer which when contacted with high temperatures due to exothermic reactions may develop
polymeric chain reactions resulting in improved interlayer and inter-laminar shear strength (Figure
4). Using such durable, maintenance free and strong materials, this project proposes that improved
bond with exothermic overlays compared to existing concrete overlays can be achieved.

This project aims to re-strategize bridge deck maintenance to potentially reduce the costs needed

to maintain and repair bridge decks.
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Figure 4 Overall project overview emphasizing the significance of thermoplastic materials

The objectives of this project are to (a) evaluate the adhesion properties of thermoplastic FRP tapes
with exothermic overlay material through mechanical tests. Three overlay material are chosen for

this study - asphalt concrete, Portland cement-based concrete and epoxy polymer concrete; (b)



compare the Interlayer Shear Strength properties and (c) evaluate crosslinking interactions
between the thermoplastic material with exothermic overlay materials through microscopic

investigations. The following tasks are proposed.
4. Description of Research Project Tasks

4.1. Task 1. Material Collection —

The FRP membranes will be collected from WEAVE3D, an industry partner committed to
donating the material needed for this study. FRP membrane of two different mess sizes will be
used. Asphalt, cementitious and polymeric overlays mix designs will be established for use in this

study.
4.2. Task 2. Quantification of interlayer shear strength —

In this task, the interlayer shear strength test will be conducted using a Louisiana Interlayer Shear
Strength Tester (LISST) (Fig 4). A 150-mm diameter cylindrical sample, comprising two layers,
will be sheared under pre-established normal loads, and shearing stress at failure will be reported
as the interlayer shear strength. The bottom half of the cylinder will be 62-mm thick, and will be
compacted to 4% (+ 0.5%) target air voids in a Superpave Gyratory Compactor (SGC). The
cylindrical specimen will be placed back in the bottom of the SGC mold and an upper layer (62-
mm thick with a target air void of 7% + 0.5% will be compacted on top of it. The composite
specimen will be cooled overnight before testing in a LISST device. This process will be performed
for FRP membranes with the three different overlay materials, with two replicates per

combination.
4.3. Task 3. Conduct microscopic analysis —

Advanced light microscopy will be performed using a Keyence VHX-7000 ultramicroscope. The
microscope is fully automated and has the ability to capture high magnification of up to 6500x
images. Precision of interface physical characteristics formed during interaction of overlay
materials and the membrane used in this study will be assessed by cutting cross sections of each

fabricated specimen.



4.4. Task 4. Analysis of laboratory test results —

The data collected from the interlayer shear strength test and microscopic tests will be analyzed
and important trends will be identified. Also, the effect of mess size of the FRP membrane on the

interlayer shear strength will be assessed.
4.5. Task 5. Project Reporting —

Quarterly progress reports will be submitted on schedule, followed by a project final report after
completion of all tasks. The final report will include all test data, analysis, discussions, as well as

recommendations on the use of FRP membrane for bridge deck maintenance.
5. Expected Results and Specific Deliverables

A database of Interlayer Shear Strength values for FRP membrane with commonly used bridge
deck overlays for deck preservations will be developed through this project. Guidelines will be
developed in consultation with the ODOT Materials division detailing how FRP membranes can
be used in Oklahoma for bridge deck overlay applications. The data will be used to discuss onsite
field repair of section of highway 69 in Phase 2 (if approved) through ODOT and James Grimsley
from Choctaw Nation.

The primary relevance of this project to Accelerated Bridge Construction (ABC) will manifest
through: (a) improved safety, (b) reduction in societal costs related to bridge construction, (c)
targeted efforts in preservation and bridge deck maintenance, and (d) exploration and development
of new materials specifically for bridge deck preservation. Upon implementation, Fiber-
Reinforced Polymer (FRP) membranes are anticipated to significantly extend bridge deck service
life, thereby yielding substantial economic savings throughout a bridge’s operational lifespan.
This proposed research aligns strategically with specific goals and objectives outlined in the
USDOT Strategic Plan. Primarily, it addresses Goal 1: SAFETY, by harnessing technological
advancements to enhance the safety standards across our bridge networks, consequently reducing
bridge-related injuries. Additionally, the project supports ancillary USDOT goals: (a)
ECONOMIC STRENGTH AND GLOBAL COMPETITIVENESS by improving rural

transportation infrastructure, promoting sustainability, and enhancing infrastructure resilience in



response to evolving climatic conditions; and (b) TRANSFORMATION by addressing
contemporary transportation challenges and modernizing existing transportation systems.
Furthermore, this project directly corresponds with the ODOT Transportation Asset Management
Plan (TAM) 2022-2031. As indicated in the TAM, anticipated revenue constraints will result in a
reduction of NHS bridge deck areas categorized as "Good" from 48.0% to 41.1%, alongside an
increase in "Poor" deck areas from 1.3% to 6.7% by 203 1. This anticipated decline in infrastructure
performance primarily stems from aging bridge structures; notably, over 1,250 state-owned
bridges exceed 80 years in age, necessitating refurbishment or replacement at a rate of
approximately 90 bridges per year for the next eight years. Addressing this challenge, the proposed
project will introduce an innovative and efficient methodology for bridge deck rehabilitation.

The significant impact of this research project will be realized in substantial cost reductions for
bridge maintenance through enhanced bridge deck overlay durability achieved via chemically
optimized interlayer bonding. The data generated through this study will also serve as a basis for
potential onsite field repairs on sections of Highway 69 during a subsequent Phase 2 (subject to
approval), coordinated through ODOT and James Grimsley from Choctaw Nation. An essential
ancillary impact of the project is the improvement of safety standards, aligning with USDOT’s top
priority. With increasing variability in weather conditions, bridge deck durability challenges
continue to escalate, adversely affecting the service life of bridge networks. High-quality bridge
decks are vital for maintaining efficient bridge systems, necessitating regular upkeep to handle
heavy loads, resist environmental degradation, and ensure durable surfaces. Improved maintenance
strategies not only extend bridge lifespans but also minimize environmental impacts. This project
specifically facilitates the strategic production of optimized lattice structures, compatible with
injection molding or thermoforming processes, enabling the creation of lightweight structural
composite components at significantly reduced costs and production times compared to traditional

maintenance materials.
6. Progress and Research Developments

6.1. Task 1. Material Collection — 15%

The FRP membranes for this study will be collected from WEAVE3D, an industry partner that

has committed to donating the required materials. Four different types of FRP tapes will be



collected for an initial pilot study aimed at determining which type provides the most effective
bonding in as overlays. The materials will include two Glass Fiber Reinforced Polymer (GFRP)
tapes—one with polypropylene (PP) and one with polyethylene terephthalate glycol (PETG)—
and two Carbon Fiber Reinforced Polymer (CFRP) tapes—one with polyamide 6 (PA6) and
one with polyamide 410 (PA410). All the tapes will have the same width of 1 inch. Figure 5 shows
all 4 types of FRP tapes that will be collected.
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Figure 55: FRP tapes collected (a) GFRP-PP (b) GFRP-PETG (¢) CFRP-PA410 (d) CFRP-PA6

6.2. Task 2. Quantification of interlayer shear strength — 25%

In this study, the Interlayer Shear Strength (ISS) test will be conducted using the Louisiana
Interlayer Shear Strength Tester (LISST) (Figure 4). Cylindrical specimens with a diameter



of 150 mm—comprising two asphalt layers—will be subjected to shearing under predefined

normal loads. The shear stress at failure will be recorded as the interlayer shear strength.

The bottom layer will be compacted to a height of 62 mm and a target air void content of 4%
+ 0.5% using a Superpave Gyratory Compactor (SGC). To enable re-compaction of the top
layer without damaging the specimen, the bottom layer will be molded to a slightly smaller
diameter than the internal diameter of the SGC mold. This will be achieved by inserting custom
paperboard strips along the inner wall of the mold during bottom-layer compaction, as shown

in Figure 5.




Figure 6: Preparation of the bottom layer specimen for composite asphalt sample
fabrication.
(a) Paperboard strip used to reduce the internal diameter of the SGC mold.
(b) Placement of paperboard liner inside the mold and tamping to compact a slightly
smaller bottom layer specimen.
(c) Gyratory compactor settings used during compaction: 201 gyrations, 62.0 mm height,

1.16° angle, and 600 kPa pressure.

(d). Top view of the compacted bottom layer

(e) Compacted bottom layer specimen after removal from the mold.

Two types of interlayer configurations will be prepared:

1. FRP only, and

2. FRP + tack coat.
After a curing period of 24 hours, the FRP tapes and/or tack coat will be applied to the surface of
the bottom layer. The tack coat will be allowed to cool before placing the specimen back into the
SGC mold for top-layer compaction. The top layer will also be 62 mm thick, with a target air

void of 7% =+ 0.5%. The molding process of the top layer is shown in figure 5.
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Figure 7: Preparation and testing process for polymer-reinforced asphalt specimens:

(a) Placement of the compacted bottom layer into the SGC mold using a rubber mallet.

(b) Four types of FRP tapes used: CF—PA410, CF-PA6, GF-PP, and GF-PETG.

(c) Alignment of FRP tapes on the surface of the compacted bottom layer before pouring
the top layer

(d) Pouring of hot asphalt mix to form the top layer over the FRP-reinforced bottom layer.
(e) Gyratory compactor control panel showing compaction settings for the top layer.

(f) Completed double-layer asphalt specimen after compaction.

Following compaction, the composite specimen will be allowed to cool overnight prior to testing
in the LISST device. This procedure will be repeated for each of the asphalt-asphalt overlay

materials, with two replicates per interlayer configuration.



The complete test matrix is presented in Table 1.Here PCC means Portland Cement Concrete and

PC means Polymer Concrete

Table 1 : Test Matrix

Interface Control With Tack Coat Polymer Only Total Specimens
Type Case & Polymer

Asphalt— 2 8 8 18

Asphalt

PCC-PCC 2 8 8 18

PC-PC 2 8 8 18

Total 6 24 24 54

The preliminary test results for the asphalt—asphalt interface using polymer-only interlayers are

presented in Table 2.

Table 2: Louisiana Interlayer shear strength test (LISST) results for various interlayer

configurations and polymer types.

Interlayer Type Polymer Type Avg. Peak Load (kN) Avg. ISS (MPa) Avg. ISS (psi)
Tack Coat Only — 15.52 0.93 134.85

No Tack Coat — 7.45 0.44 63.80
Polymer Only CF-PA410 3.51 0.21 30.45

Polymer Only CF-PA6 3.54 0.21 30.45

Polymer Only G-PETG 5.75 0.34 50.02
Polymer Only G-PP 4.64 0.28 39.88

The chart given below in figure 6 displays the ISS values (in psi) for specimens with various

interlayer materials.
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Figure 8: Interlayer Shear Strength (ISS) results for different interlayer conditions

6.3. Task 3. Conduct microscopic analysis — 5%

Advanced light microscopy will be performed using a Keyence VHX-7000 ultramicroscope. The
microscope is fully automated and has the ability to capture high magnification of up to 6500x
images. Precision of interface physical characteristics formed during interaction of overlay
materials and the membrane used in this study will be assessed by cutting cross sections of each
fabricated specimen. Before performing the microscopy, the student must complete formal training
on the proper operation and handling of the instrument. Training has been initiated and is

undergoing.
6.4. Task 4. Analysis of laboratory test results — 0%

The data collected from the interlayer shear strength test and microscopic tests will be analyzed
and important trends will be identified. Also, the effect of mess size of the FRP membrane on the

interlayer shear strength will be assessed.
6.5. Task 5. Project Reporting — 33.3%

Quarterly progress reports will be submitted on schedule, followed by a project final report after
completion of all tasks. The final report will include all test data, analysis, discussions, as well as

recommendations on the use of FRP membrane for bridge deck maintenance.



7. Schedule

The progress of tasks in this project is shown in the table below.

Item

% Completed

Percentage of Completion of this project to Date 14.66

TASKS

TASK 1
TASK 2
TASK 3
TASK 4
TASK 5

Work performed
Work to be

performed
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