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EXECUTIVE SUMMARY

The primary objective of this research is to design and conduct a series of impact tests on
concrete barriers reinforced with glass fiber-reinforced polymer (GFRP), as well as a control test
specimen with mild steel reinforcing materials. The GFRP reinforcement consists of a hook-
shaped piece and a spiral piece, which form the required confinement to develop the strains of
the transverse bars and provide shear resistance. The spiral piece was embedded into the slab to
achieve the bending effects needed for the barrier impact. The theoretical feasibility of this
design has been demonstrated in our previous project and is detailed in the report titled “GFRP
Reinforced Bridge Barriers: Numerical Modeling”.

In this work, four concrete barriers were constructed on two concrete slabs. For comparison
consideration, three barrier specimens were reinforced with GFRP materials, while one was
reinforced with steel. The impact tests were conducted by utilizing an impact cart mounted on a
straight, long sled system. Strain gauges, string-pots, load cells, and accelerometers were
installed and used to measure force and deformation during and after the impact loading was
applied.

The results showed that for all cases, the fluctuations of strain, force, and acceleration quickly
returned to zero after a significantly small amount of time. The sustained impact load exceeds the
design load. After impact tests, the specimens exhibited no damage or cracks. No significant
lateral displacements were observed for the barrier. The strain measured along the GFRP bars
shows lower values than the yield strain of the steel, indicating an elastic response of the
specimens. These results demonstrate the capability of GFRP-reinforced concrete barriers to
withstand the same level of impact force as traditional steel-reinforced concrete barriers.

Keywords: GFRP reinforced bridge barriers, impact test, deformation analysis



1. INTRODUCTION
1.1 Problem Statement

Concrete road barriers are crucial for safeguarding lives on roadways. As a final safety measure,
these barriers must effectively prevent vehicles that have lost control from crossing into opposite
lanes of traffic or crashing into adjacent fields, scenarios that could result in more severe
accidents than collisions with the barriers themselves. Understanding how these barriers behave
and potentially fail under various impact conditions, determined from vehicle types, impact
angles, and other influential factors, is essential for ensuring their effectiveness [1-5].

Currently, steel is the most commonly used reinforcement material for concrete structures.
However, corrosion is a main issue, especially for structures impacted by freezing and thawing
environments [6-10] in the Midwest regions. Each year in the US, hundreds of millions of dollars
are spent on corrosion-related repair or maintenance projects. If not repaired or maintained
effectively, structures impacted by corrosion, such as bridges, could experience a catastrophic
failure, which could lead to loss of human life. The corrosion process is triggered by the infusion
of chloride and oxygen ions, which is enhanced by the porous solid nature of concrete materials.
The electrode reactions at the interface between the reinforcement and concrete materials
consume iron and produce ferric oxide, which is also known as rust. These ferric oxides are more
than twice the volume of steel and would introduce volumetric compressive strains in the
surrounding structure, leading to damage. This causes safety problems by degrading both the
reinforcement material's strength and the bond strength between the reinforcements and the
concrete.

By replacing steel reinforcement with corrosion-resistant or corrosion-free materials, has been
actively pursued in the past decades. For instance, corrosion-free, glass fiber reinforced polymer
(GFRP), emerges as a promising alternative to steel reinforcement [11-13]. GFRP does not
undergo the corrosive processes that can significantly degrade steel reinforcement, thereby
preserving both the structural integrity and the longevity of concrete infrastructure. Utilizing
GFRP could lead to safer, more durable construction that withstands harsh environments without
the ongoing need for costly repairs and maintenance. This switch not only has the potential to
enhance the safety and durability of new structures but also contributes to more sustainable
construction practices by reducing the frequency and severity of maintenance interventions. As
the construction industry seeks to adapt to the changing needs of modern infrastructure, materials
like GFRP offer a viable solution to one of its most pressing challenges [14-17]. However, unlike
steel, GFRP has a brittle failure nature, which raises concerns about the potential lack of ductility
in GFRP-reinforced concrete structures. Therefore, experimental investigations of GFRP
reinforced concrete structures are crucial to reveal the failure modes and design loads in
comparison with their steel counterparts.

This project aims to provide experimental evidence on the capability of GFRP-reinforced
concrete bridge barriers to withstand impact loading conditions without generating obvious
damage or cracking, and to undergo no serviceability loss. A considerable amount of work has
already occurred on the experimental testing of different types of steel reinforced concrete
barriers [18]. In 2001, the National Transportation Library conducted crash tests on the Oregon
Standard (32-in.) F-shape precast concrete barrier and the Oregon Tall (42-in.) F-shape precast



concrete barrier [19]. In 2003, Consolazio et al. reported a series of finite element models and
on-site crash tests on low-profile concrete work zone barriers [20]. The California Department of
Transportation has also conducted a systematic study on the crush testing of a variety of steel
reinforced concrete barriers [21]. However, the application of GFRP materials in concrete bridge
barriers following the state-DOT approved designs has been rare, and there are scarce numerical
and experimental studies on their performance under impact loading.

1.2. Research Objectives

This project aims to conduct a series of impact tests on GFRP reinforced concrete barriers. For
comparison, a traditional steel reinforced concrete barrier with the same size and material setup
was also tested.

To fulfil the objectives mentioned, the tasks of this project are summarized as follows:

Task 1: Construct GFRP and Steel-Reinforced Concrete Bridge Barrier Specimens

The first task involved the preparation of specimen barriers for testing. Four reinforced concrete
barrier specimens were created, three reinforced with GFRP and one with traditional steel. These
barriers were cast face-to-face on two separate concrete slabs to optimize both cost and resource
use. Strain, force, and acceleration measurement systems were installed within and on the
concrete barriers to record the deformation and behavior under the impact load.

Task 2: Conduct Impact Testing

A specialized crash test sled system, previously developed by the pool-fund study led by Prof.
Mohammed ElGawady, was employed to deliver controlled impacts to the barriers, mimicking
actual vehicular collision scenarios. This test was designed to rigorously evaluate the impact
resistance of the barriers, which is crucial for determining their effectiveness in real-life
situations. The detailed collection of data from these tests aimed to provide empirical evidence to
support or refute the efficacy of GFRP reinforcements.

Task 3: Experiment Results Analysis

The performance of the GFRP reinforced concrete barriers was evaluated by observing the
appearance of the barrier surface after direct impact and analyzing the recorded data to
quantitatively analyze the deformation of the barriers. The outcomes of the observation and
analysis of the GFRP reinforced barriers and the steel reinforced barriers were then compared.



2. RESEARCH PROGRAM
2.1 Specimen Construction

A total of four reinforced concrete barrier specimens were prepared and cast, including three
GFRP-reinforced barriers (specimens 1, 2, and 4) and one mild steel reinforced barrier (specimen
3). To lower costs and speed up the testing process, two barriers were cast back-to-back (i.e.,
straight/vertical slope side facing each other) on a single concrete slab (specimens 1 and 2 on
slab 1 and specimens 3 and 4 on slab 2).

2.1.1 Specimen Casting

The experimental setup involved concrete slabs measuring 6 ft. by 10 ft. with a height of eight in.
These slabs serve as the base for a comprehensive barrier system and were designed to assess
structural responses under controlled conditions, as shown in Figure 2.1. The barriers were
attached to the slab. The slab had a thickness of 16 in. and spanned the width of the setup,
forming an integral part of the structural testing framework. The slabs are reinforced with GFRP
bars arranged longitudinally along the bottom of the slab at 6 in. spacing. For the first slab with
specimens reinforced with GFRP bars, along the transverse direction, two rows of GFRP bar
reinforcements are aligned on the top and bottom parts of the slab with a uniform interval of 6 in.
Both rows of reinforcements have a concrete cover for protection purposes, with a thickness of
1.5 in. The bottom row of GFRP reinforcements extends continuously throughout the slab. In
contrast, the top row is discontinued in the barrier region to accommodate the placement of
stirrups, as shown in Figure 2.2(c). For the second slab, which has two barriers reinforced with
GFRP and steel, the slab was reinforced with two types of reinforcements corresponding to the
barriers.

The first slab had two 6ft. long barriers, with one along each side. These barriers were entirely
reinforced with GFRP bars, as shown in Figure 2.2(a). The two-piece configuration was
engineered to ensure a robust interconnection between the barrier and the deck. The design
adhered to specific requirements: the upper part of the barrier incorporated hook-shaped bars,
and the deck connection used trapezoidal stirrups. For the entire structure, a concrete cover of 1.5
in. was maintained to ensure that the reinforcement bars were adequately protected and did not
protrude from the concrete. The barrier stood at a height of 34 in., while the deck measured 8 in.
thick. In total, 10 straight bars ran the length of the barrier. The profile and slope of the barrier
follow the Type-D MoDOT barrier design.

The second slab had the same dimensions as the first. However, one side of the deck had a
barrier made with steel reinforcement while the other side was reinforced with GFRP, as shown
in Figure 2.2(b). The deck reinforcement was divided into two halves, one for each material and
with splicing of the two in the middle. The steel and GFRP bars along longitudinal directions
were six ft long. The bars (steel & GFRP) were spliced at 12 in. The steel reinforcement follows
a similar spacing to the GFRP ones. The concrete cover for all the barriers and slabs was 1.5 in.
A total of 10 hook-shaped bars and 10 single trapezoidal bars were aligned along each barrier. 6
in. spacing has been held as shown in Figure 2.2. The second specimen with GFRP spiral
reinforcement is the same as the first specimen reinforcement, which was manufactured by
Owens Corning, and the specifications for the spiral stirrups are 10 rotations with a spacing of 6



in. between each stirrup along the 6 ft barrier length. The straight bars at the top of the spiral
setup are also spaced 6 in. apart along the barrier. The other side of the slab is reinforced with
steel similarly. A total of 10 spiral stirrups were fabricated using the design from our Phase I
project [22]. Similarly, 10 straight bars were placed on top of the spiral stirrups, spaced evenly at
6-in. intervals along the 6-ft-long barrier.

(a)
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Figure 2.1 Structure overview.
(a-b) Side views of the structure of the specimens. (c) Front view.
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Figure 2.2 Reinforcement design.
(a-b) Specimens 1&2 and specimens 3&4. (¢) Steel (specimen 3) and (d) GFRP (specimen 1,2,4)
reinforcement design.

The properties of the #5 (16 mm) GFRP bar were as follows: diameter 0.625 in., nominal area
0.31 in%, guaranteed tensile strength 116 ksi, tensile modulus 7,500 ksi, and mean ultimate strain
1.5%. The GFRP stirrup, cast into the deck and extending into the barrier, was formed as a
continuous spiral tie on a mandrel. This significantly reduced manufacturing, and the team



considers that the continuous spiral tie (i.e., stirrup) would provide better confinement and load
distribution across the barrier under impact load, as noted in the Phase I MoDOT study [22].

For the one steel barrier, a commercially available grade 60 ksi #5 mild steel deformed bar was
used with the following properties: diameter 0.625 in., nominal area 0.3 in?, tensile yield strength
60 ksi, tensile modulus 29,000 ksi, and yield strain 0.207%.

The concrete was formulated using two different mix ratios for the slabs (Table 2-1) and the
barriers (Table 2-2). These ratios were designed in accordance with MoDOT specifications.

Table 2-1. Concrete mix ratio for slabs

Cement Fly Ash Sand C/A Water Air
Weight 580 Ibf. 0 1220 1bf. 1860 1bf. 26 gallon 5.8 0z
Units: per cubic yard; C/A: coarse aggregates.
Table 2-2. Concrete mix ratio for barriers
Cement Fly Ash Sand C/A Water Air
Weight 529 Ibf. 176 Ibf. 1257 1bf. 1788 1bf. 30 gallon 5.8 0z

Units: per cubic yard; C/A: coarse aggregates

The 14- and 28-day compressive strengths for all four specimens were measured and recorded,
as shown in Tables 2-3 through 2-6. Three groups of samples were prepared for each of the slab
and barrier specimens.

Table 2-3. Compressive strength for slab 1, slab

14 days strength (psi)

28 days strength (psi)

Sample 1 3230 4794
Sample 2 4453 5171
Sample 3 4513 4841
Average 4065 4935




Table 2-4. Compressive strength for slab 1, barriers

14 days strength (psi) | 28 days strength (psi)
Sample 1 4600 5610
Sample 2 5155 5300
Sample 3 5065 5470
Average 4940 5460

Table 2-5. Compressive strength for slab 2, slab

14 days strength (psi) | 28 days strength (psi)
Sample 1 5530 6680
Sample 2 5650 6270
Sample 3 5535 6475
Average 5570 6475

Table 2-6. Compressive strength for slab 2, barrier

14 days strength (psi) | 28 days strength (psi)
Sample 1 3115 3565
Sample 2 3165 3430
Sample 3 3010 3480
Average 3100 3490

During the casting, the slab steel reinforcement was arranged first within a steel formwork as
shown in Figure 2.3. To ensure overall integrity and rigid connections between the slabs and the
barrier specimens, the reinforcement for the barriers was installed before any concrete mix was
poured into the formwork. Once all the reinforcement was placed, the concrete mix was poured
into the formwork in the slab area and adequately vibrated to eliminate air pockets. After 28 days
of curing, with the slab kept moist and at a controlled temperature, the wooden formwork for the
barriers was constructed to ensure a 1.5-in. concrete cover over the barriers. After the formwork
was placed, the concrete mix with the ratio indicated in Table 2-2 was poured into the formwork
and allowed to cure for a 28-day period. Figures 2.3 and 2.4 show the casting processes for slab
1 with barrier specimens 1 & 2 and slab 2 with barrier specimens 3 & 4. The finished specimens
are shown in Figure 2.4(d).






2.1.2 Impact Testing Design

The impact testing force was conducted with a cart and a specialized crash test sled system, as
shown in Figure 2.5. A long, straight sled was built for testing. The height, length, and width of
the sled are 7.5 ft, 20 ft, and 2 ft, respectively. The cart was weighed down with a pile of
concrete blocks to increase the force of impact at the moment of the collision. The main source
of momentum for the cart was gravity, while its movement was controlled by steel cables, with
the self-weight of the cart being 365 Ibf, and the concrete slabs used for the weighting as 296 1bf.
The whole weight of the cart for the impact is 661 1bf. Considering the height of the sled system,
the energy released at the impact moment, neglecting the friction-induced energy loss, is 6.7 kJ,
and the velocity of the cart at impact is 21.9 ft/s.

(a)

Figure 2.5 Sled system designed for the impact tests.
(a-b) Front and top view of the system.

To ensure a frontal collision between the weighted cart and the barrier, an aluminum loading
wedge was installed on the barrier to withstand the impact force, as shown in Figure 2.6. The
slope of the loading wedge was the same as the barrier, which was 13°.
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(b) Impact cart head
designed for MoDOT
Barrier Tests

ﬂﬁ”

ms'aéﬁi?\”m; 3

Figure 2.6 Impact test setup.
(a) Impact cart. (d) Impact cart head.

2.1.3 Measurement Approaches and Strain Gauge Design

The deformation of the barriers and forces produced from a collision needed to be recorded for
quantitative analysis. In addition to the loading cell installed between the aluminum loading
wedge and the barrier and imaging, a total of three systems of measurements were adopted:
strain gauges, string-pots, and accelerometers.

Strain gauges were installed on the reinforcement before concrete was poured into the formwork,
as shown in Figure 2.7(a). To ensure proper adhesion of the strain gauges to the reinforcement
bars, the surface of the GFRP or steel reinforcements was first cleaned to remove dust, oil, or any
surface contaminants. For steel reinforcements, the surface was lightly abraded using sandpaper
to create a flat bonding area, while for GFRP bars, care was taken to avoid damaging the fibers
during surface preparation. A suitable solvent, such as isopropyl alcohol and acetone, was then
applied to clean the surface further and enhance the bonding effectiveness of the epoxy adhesive
used to attach the strain gauges. After applying the epoxy and firmly placing the strain gauge, the
area was covered with protective double-sided tape. This tape served to secure the gauges in
position and shield them from mechanical damage during concrete casting, preventing
displacement or breakage during pouring and curing. Each strain gauge was connected to lead
wires using a two-wire configuration: one lead from the strain gauge was soldered to a signal
wire, and the other to a return wire, ensuring accurate signal transmission.

The strain gauge instrumentation along the slab and the barriers were placed symmetrically. A
total of 19 strain gauges were installed on the reinforcement throughout the barrier, providing an
overall view of the inside deformation. Specifically, 10 strain gauges were installed on two
barriers, and 9 were installed on slabs, with 6 placed on the longer side and 3 placed on the
shorter side. The strain gauges were placed with one in the horizontal direction and one in the
transverse direction.

Six strain gauges (A-SG-1 to A-SG-6) were installed on the longer edge of the slab portion, i.e.,
the 16-in. curb. The sizes of the curbs are 16 in. for the first specimen and 14 in. for the second
specimen. These six strain gauges were aligned into two parallel rows along the longitudinal
direction with distances to the edge of 12 in. Strain gauges of each row have a uniform space of 6

11



in. Among this group of strain gauges, A-SG-4 had two strain gauges, as did A-SG-5 and A-SG-
6, with one located on the longitudinal bar and the other on the transverse bar to record strain in
both directions. Three groups of strain gauges were installed on the slab at the spiral bars A-SG-
1 to A-SG-3. Each group has two strain gauges close to each other and installed on longitudinal
bars and transverse bars, as shown in Figure 2.7(a). The strain gauges on the barrier, which are
indicated with B-SG-1 to B-SG-5, are spaced 1ft. along the barrier, leaving little space at the
edges. The strain gauge’s locations are at the center of the barrier along a 6 ft length. The
installation is followed by the initial step of grinding the bar to create a flat surface for the epoxy
to be coated, as well as for the strain gauge, to achieve a better yield. The bar is then covered
with double tape.

A total of four string pots were installed on the back of the barriers to measure the deformation
of the barriers from the outside. The string pots were all positioned along the centerline of the
barriers and distributed vertically along their height, as shown in Figure 2.7(b). String Pots 1 and
4 were installed on top and bottom of the back of the barrier, while String Pots 2 and 3 were
installed at 1/3 and 1/2 of the back, counting from the top. The installation of the string pots was
carried out in multiple stages. First, a frame made of plywood was assembled and positioned at
the center of the specimen. String pots were then mounted at specific heights—top, one-third,
half, and bottom of the barrier—to capture a linear response pattern after impact. On the opposite
side, the back face of the barrier, a steel plate was bonded to the concrete using epoxy to ensure
firm adhesion and improve the accuracy of impact results.

A total of three accelerometers were installed on the back of the barriers to measure the strain
rate change under the impact. The accelerometers were distributed along the horizontal direction
of the barrier, as shown in Figure 2.7(c). The accelerometers 1, 2, 3 were placed 18, 36, and 54
in. from the left edge.

18” (Quarter)
(d) 4 String pot 1 @ top (f) ‘—’i

8"/ stingpot 2 @ 8
/ h/3 i.e quarter
/

'y

, . String pot 3 -
b2 @ichalf X
String pot 4

i i i
1 1 ]
Acc 1! Acc2! Acc 3!

S

Figure 2.7 Impact test measurement setups.
(a-c) Locations and installations of strain gauges. (d-e) Locations and installations of string pots.
(f-g) Locations and installations of accelerometers.
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2.2 Impact Test

The impact tests were conducted to investigate the dynamic performance of the concrete barriers
reinforced with different materials in a high bay laboratory on several separate days ranging from
January 13™ to 22", 2025. The sled system used for the impact testing has a length of 20 ft, a
width of 2 ft, and a height of 7.5 ft. The impact zone area on the surface of the barrier was
indicated with a grid or frame that has dimensions of 12 in. x 24 in., which is also the size of the
impact plate. The cart used for the impact had a total weight of 661 lbs. High-speed cameras
were used to capture the whole process, especially the impact moment. For each of the four
barriers, a total of three loading conditions were considered: tap, where the cart was initially
placed very close to the barrier and the impact was conducted under a low speed to test whether
the whole system could work as expected; one-third case, where the cart was initially lifted to
one third of the overall height of the sled system and then released to impact the barrier; two-
thirds case where the cart was initially lifted to two thirds of the sled.

The status of the three GFRP-reinforced and the one steel-reinforced barriers after the impact
testing is shown in Figures 2.8-2.11. In all cases other than specimen 2, no apparent damage or
visible cracks were observed at or around the impact area, but only scratches were observed in
the direct impact area. The partially concrete missing after the impact in specimen 2 is caused by
the relatively low bonding strength between the concrete cover and the reinforcement, rather than
an overall structural failure. This validates the capability of the barriers to withstand the impact
force while also maintaining serviceability.

T
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Figure 2.8 Barrier of specimen 1 (GFRP) a

fter the impact testing.
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Figure 2.10 Barrier of specimen 3 (Steel) after the impact testing.

Figure 2.11 Barrier of specimen 4 (GFRP) after the impact testing.

2.3 Results and Analysis
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For quantitative analysis purposes, the load, displacement, and strain changes during the impact
testing process were recorded or measured using the load cell, string pots, and strain gauges.
Load changes of all four barrier specimens (1,2,4 reinforced with GFRP and 3 reinforced with
steel) of two-thirds cases were recorded with loading cells and shown in Figure 2.12. Each curve
exhibits a sharp peak indicating the maximum force caused by the impact of the cart. The GFRP
samples show varying peak forces, with GFRP-2 having a peak force that is significantly higher
than that of GFRP-1 and 3. The steel sample's peak force is markedly lower than the highest
value of the GFRP samples (GFRP-2) but larger than the others (GFRP-1 and 2), indicating a
similar impact force for all cases with different reinforcement. After reaching their peaks, all
curves rapidly decline to lower force levels, with minor fluctuations. All significant changes of
the force for all cases occurred within the first two seconds after the peak values.

I ' —GFRP-1
—GFRP-2
——GFRP-3
——Steel
—~100} 1
b=
=)
(]
9]
S 50 i
[ T
0 QMAL . "t’"*lv"_—_' 1l
0 2 4 6 8 10

Time (s)
Figure 2.12 Force measurements.
(a-b). Loading cell installed on the barrier. (c) Measured forces in the impact testing. The red line
indicates the static design load.
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The installed accelerometers are shown in Figure 2.13(a) while the measured accelerations are
shown in Figure 2.13(c). Initially, there is a sharp spike in acceleration for all materials. GFRP-2
displays the most significant initial peaks, indicating a rapid acceleration. It then swiftly declines
to stabilization. This corresponds to the maximum peak force observed for GFRP-2 in Figure
2.12. Meanwhile, GFRP-1 and 3 have much smaller initial peaks followed by a similar rapid
decrease. Acceleration for the steel sample shows a more moderate and stable response with the
most moderate amplitude among the samples tested. Following these initial peaks, all curves
quickly return toward zero, suggesting that the materials stop accelerating almost immediately
after the impact, indicating a stable structure that is resistant to the impact for all cases.
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Figure 2.13 Acceleration measurements.
(a). Installed accelerometer. (b) Locations of accelerometers. (¢) Measured accelerations.
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Figure 2.14 shows the displacement changes measured from the four string pots for all
specimens. For all measurement locations and test cases, the displacement responses consistently
exhibited peak values corresponding to the moment of impact. Among them, the GFRP-2 case
recorded the largest initial displacement, indicating the highest structural response. In contrast,
the GFRP-1 and GFRP-3 cases showed significantly smaller displacement changes. The steel-
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reinforced case exhibited a moderate peak displacement, suggesting an intermediate level of
flexibility and energy absorption. The peak displacement values for all cases are at the same
level, showing a similar impact resistance for all cases with different types of reinforcement
materials. The steel sample in all graphs shows the least variation in displacement change,
indicating its slightly higher stiffness to deformation under similar loading conditions compared
to the GFRP samples. The maximum displacement peak of all cases is no larger than 0.2 in. and
then rapidly decreases to a value close to 0, indicating the excellent properties of impact
resistance and quick recovery. This is consistent with the fact that no obvious damage or cracks
were observed at or around the direct impact areas after the testing for all cases. The
displacement value lower than 0.05 in. after stabilization for all four string pot measurements of
the steel reinforcement case is caused by an overall displacement of a loosened anchor rather
than the deformation of the barrier.
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Figure 2.14 Displacement measurements on the back of the barriers.
(a) Locations and (b) installed string pots. (c-f) Measured displacements at locations of String
Pots 1-4.

To track the deformation inside the barrier during the impact testing, strain gauges were installed
on the surfaces of the reinforcement before the concrete was poured into the formwork. The
strain gauges were distributed throughout the reinforcement of the barrier. Before the final test,
10 out of 17 strain gauges were able to function and output strain data. The recorded strain
changes over time for specimen 1 (GFRP) are shown in Figure 2.15. It shows that the largest
strain is recorded by gauge 10, which is located within the direct impact area. All recorded strain
values are below 2.0e-3, which is less than the compressive strain limit of steel reinforcement.
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Figure 2.15 Strain measurements inside barrier specimen 1.
(a) Strain gauges deployed on the GFRP reinforcements. (b) Measured strains.
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3. CONCLUSIONS AND RECOMMENDATIONS

This study on GFRP-reinforced concrete barriers successfully prepared a total of four reinforced
concrete barriers, including three specimens reinforced with GFRP and one reinforced with steel
for comparison consideration. The impact testing was conducted by utilizing a cart with weights
on a straight, long sled system. The strain gauge, string pot, accelerometer systems, and loading
cells were utilized to evaluate the performance of the GFRP-reinforced barrier specimens
quantitatively and to compare that performance to the traditional steel reinforced barriers.

The results showed that GFRP reinforced barrier specimens are fully capable of withstanding the
potential impact loading conditions that could happen in real-world applications. With the cart
impact force above the minimum MASH peak impact load required for the test, no obvious
cracks or damage were observed within the direct impact domain for any of these four
specimens; the structure remained intact after the testing. The strains recorded were below the
warning limit, and the peaks caused by the impact reduced to around zero in a very short period
of time.

Future recommendations include a Phase III research deployment where MoDOT implements a
steel-free bridge deck and barrier system validated in this Phase II MoDOT study. The scope of
the deployment could be limited to single or multiple bridge-type systems, including reinforced
concrete slab bridges, reinforced concrete beam bridges, prestressed concrete girder bridges, and
steel girder bridges with reinforced concrete bridge decks. For a Phase III deployment project(s),
the key recommended research tasks to be included by the research teams are as follows:

e Provide technical expertise in the design of the bridge, including the bridge barrier,
bridge deck, and integration of the barrier, deck, and girder interface shear transfer
between the components using GFRP.

¢ Finite element method (FEM) modeling of the bridge(s) to supplement traditional design
assumptions and provide design verification/redundancy.

e Assist the contractor in the construction and fabrication of the bridge(s), including the
coordination of instrumentation and sensors for load testing and monitoring of the
bridge(s).

e Following the construction of the bridge(s), implement a load testing program to study
the load distribution of bridge deck loading due to the variation in the deck and barrier
GFRP reinforcement stiffness. This will develop recommendations for load distribution,
like the current American Association of State Highway and Transportation Officials
(AASHTO) recommendations for mild steel reinforced bridge decks. Further examine the
serviceability of the structure(s) compared to FEM and design calculations. A FEM
parametric investigation will be conducted to further support this physical load testing.

e Over a set period of in-service performance (one- to two-year minimum is recommended)
investigate the thermal behavior of these bridge systems to document the thermal changes
and behavior of these structures. Recommendations for any variations in thermal stresses
may be developed and provided.

e Over a set period of in-service performance (one- to two-year minimum is recommended)
investigate the variation in strain and stress in the bridge(s) due to service level loads and
any recommended future design considerations.
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e Investigate the interest to develop this proposed Phase III study as a pool fund study with
multiple DOTs to expand the deployment of GFRP barrier systems with possible states
such as Missouri, Florida, Texas, California, and Ohio to name a few that have worked to
develop their own barrier systems and are also awaiting wider implementation.

Consider a future Phase IV study to examine repair/retrofit techniques should damage occur to
GFRP barriers due to overweight vehicle impact outside of the TL level design for these barriers.
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