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 Abstract 

 The main objective of this research is to design a concrete barrier that is reinforced with 

glass fiber reinforced polymer (GFRP) materials. The design is based on the Type D concrete 

barriers with steel bar reinforcements. The constructability of the GFRP reinforcement was also 

considered during the design process. This design adjusts the sizes and dimensions to match the 

properties of GFRP reinforcements. This exchange of the reinforcement materials is meant to 

take advantage of the preservative properties of GFRP materials to enhance the resistance to 

corrosion introduced degradation and damage.  

The strength as well as the behavior of GFRP reinforced concrete barrier under different 

types of loadings is then explored and modeled using commercial software ABAQUS and LS-

Dyna. The static loading is firstly applied to the GFRP and steel bar reinforced concrete barriers 

for comparison. Different concrete barrier models are also considered to study the influence of 

different cast approaches. Afterwards, the behaviors of GFRP reinforced concrete barriers under 

car and truck impact scenarios are also modeled. Simplified models as well as full size models 

are both studied using ABAQUS and LS-Dyna separately. Truck collisions with different angles 

are considered to explore the behavior of GFRP reinforced concrete barrier under different 

possible collision scenarios. The modeling results show that the reaction forces from the dynamic 

impact modeling are much lower than the design strength. 
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Chapter 1 Introduction 

1.1 Problem Statement 

Concrete road barriers play an important role in protecting lives from injury or fatal damage 

and preventing vehicles from entering the opposite lane or other dangerous areas by dividing 

opposing lanes of many types of roads. Being the last protection after a vehicle loses control, the 

concrete barriers should be able to prevent the vehicle entering the opposite lane or steering into a 

field that would introduce more severe accidents than hitting the barrier. It is essential to 

understand the behavior and possible failure of the concrete barriers under different impact 

scenarios that comes with different types of vehicle and impact angles, among many factors that 

would influence the impact results. Moreover, current concrete barriers are mostly reinforced with 

steel bar, which has excellent strength that are validated with countless experiments and numerical 

analysis. One main disadvantage of this group of reinforced concrete is the corrosion introduced 

degradation and damage, which can be vastly improved by changing the reinforcement to non-

corrosive high strength materials like glass fiber reinforced polymer (GFRP). 

This project aims to provide a rational design of GFRP reinforced MoDOT Type D 

concrete bridge barriers that can withstand MASH loading. Different types of GFRP design for 

barrier and transverse bars in deck are proposed and designed based on literature survey and group 

discussions. 

A lot of research has been conducted to explore the safety of the bridge concrete barriers 

using experimental or numerical approaches. The NCHRP Report 350 [1] presented the 

experiment results of a series of crash test including multiple types of vehicles on different types 

of barriers. Elham, et al. [2] studied the behavior of steep curvature barriers under the truck impact 

with different self-weights and different velocities at collision. Results show that chances are the 
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truck overriding the concrete barrier, depending mainly on the height of the barrier rather than the 

shape and effect of friction. This is also verified by other related research, Dhafer, et al. [3], Sheikh, 

et al. [4] and Jeon, et al. [5] are among the works exploring the influence of barrier shapes on the 

safety using experimental approaches. Numerical approaches are also adopted to explore the key 

factors influencing the safety of concrete barriers and LS-Dyna is the most common software used 

in this process. Esfahani et al. [2] studied the F-shape and New Jersey concrete barriers using LS-

Dyna. Similar works include Sturt and Fell [6] and Atahan [7]. 

Currently, the steel bar reinforcement is still the most used material in concrete structures. 

The superior mechanical properties of this type of structures have proved to be ideal for 

construction of large-scale buildings and structures. However, one main problem all steel bar 

reinforced concrete structures must face is the corrosion, which has emerged to be one of the most 

critical reliability issues of our crumbling civil infrastructure. Things could be even worse for 

structures under effect of seawater, frozen soil, or other corrosive environments. Each year, 

hundreds of billions of dollars are spent to deal with the corrosion related repair or maintenance 

projects. Furthermore, the corrosion introduced damage could lead to catastrophic failure of bridge 

structures, which could lead to loss of human lives as well. 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 consumes the iron and produces ferric oxide, which is also known as rust. This 

electrochemical reaction production will lead to a volume expansion and further large stress 

concentrations in the reinforced concrete, which in turn introduces damages to the concrete and 

expanded the infusion channels for the chloride and oxygen ions from the environment. This 

process causes safety problems by degrading the reinforcement material strength as well as the 
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bond strength between the reinforcements and concrete. Lots of research has also been conducted 

to understand this corrosion process at the interfaces of reinforcement and concrete to find a way 

for prediction and protection theoretically, numerically, and experimentally. F.Tondolo [8] studied 

the bond strength change under different degree of corrosion. Wei et al. [9] developed a hydro-

chemo-mechanical coupled phase field formulation to study the damage development in the 

reinforced concrete, which is among the multiple models that can be used for the corrosion 

prediction [10, 11]. Experimental approaches have also been adopted for this study, related works 

include  Fernandez et al. [12], Hong et al. [13] and so on. 

Being immune to corrosive problems, glass fiber reinforced polymer (GFRP) 

reinforcement has recently drawn tremendous amount of interest in engineering practice. This class 

of materials could save tremendous efforts that are currently spent to deal with the corrosion related 

problems. Moreover, GFRP also has excellent mechanical properties. Being made from extremely 

fine fiber of glass, this group of material combines the high strength and stiffness of the glass fiber 

and the ductility of the soft resin, which makes it an ideal candidate for reinforcements of concrete 

structures. These advantages have attracted the focus of many researchers, related research projects 

include, [14-26]. These studies provide confidence to engineers for field implementation of GFRP 

in bridge structures. Since the first steel-free deck used by MoDOT in 2007, both Carbon Fiber 

Reinforced Polymer (CFRP) and Glass Fiber Reinforced Polymer (GFRP) bars have been used in 

4-5 bridge decks on the state bridge system. These previous efforts along with the reduced prices 

have promoted potential implementation of both steel-free deck and barrier. 

1.2 Research objectives 

This project aims to design a MoDOT Type D barrier that is reinforced with GFRP 

materials. To verify the safety and feasibility of this design, as well as understanding the 



4 

 

performance of this GFRP reinforced concrete barrier under impact of different types of vehicles, 

static and dynamic finite element modeling cases are conducted with different commercial 

software including ABAQUS and LS-DYNA. 

To fulfil the former mentioned objectives, the tasks of this project are summarized and 

present as follows, 

Task 1: GFRP reinforcement design based on a MoDOT Type D barrier 

The research team works closely with MoDOT’s Bridge Division for the preliminary 

design of the GFRP reinforcement. Two preliminary design approaches are proposed here. The 

first one is the straight anchorage bar design based on the experimental results from Azimi et al. 

(2014) and Sennah and Hedjazi (2019). The GFRP bar configuration was designed to be able to 

fit in the MoDOT single-slope Type D barrier. The second one is the single-bend bar with closed 

stirrup based on the results from Rocchetti and Nanni et al. (2017).  The detailed configuration of 

the GFRP reinforcement was also tailored to fit into the existing MoDOT Type D barrier. Finally, 

two other options will also be discussed with the project TAC prior to proceeding including those 

being considered in Florida and Ohio. 

Task 2: Behavior of GFRP reinforced concrete barrier under static loading conditions 

Three-dimensional numerical models are constructed and analyzed based on commercial 

software ABAQUS. The loading area is designed based on the TL4-TL6 conditions as specified 

in the AASHTO / MoDOT specifications. The loading is gradually increased until the failure of 

the barrier to explore the damage mechanism that are defined by the reaction force, stress/damage 

distribution as well as the strength corresponding to the failure moment. 

Task 3: Behavior of GFRP reinforced concrete barrier under dynamic loading conditions 
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ABAQUS Explicit finite element modeling as well as the LS-dyna are used for the 

calculation of three-dimensional numerical models under impact test with different types of 

vehicles. AASHTO and MASH barrier testing standards are referred and adopted for guidance of 

the model construction and modeling setups. Different impact angle is considered to simulate all 

possible impact scenarios in real world. 

1.3 Research methodology 

The static and dynamic modeling tasks are carried out with 2 commercial software, 

ABAQUS and LS-Dyna. 

ABAQUS FAE is a software suite for finite element analysis and computer-aided 

engineering, originally released in 1978 and now widely used in automotive, aerospace, and 

industrial products industries as well as research. ABAQUS has the capability of wide material 

modeling, which makes it popular among non-academic and research institutions in engineering. 

The capability of multi-physics coupled modeling, including piezoelectric, thermal, acoustic et al., 

also expands its application in fields beyond mechanics and structural design. Moreover, this 

software allows users to design and simulate with their own material and element models so as to 

eliminate the limitations of implemented modulus. 

LS-DYNA is an advanced general-purpose multi-physics simulation software package 

developed by the former Livermore Software Technology Corporation (LSTC). This software is 

mainly used for nonlinear simulations, including the changing boundary conditions, large 

deformation. This capability makes it ideal for simulations of automotive crashes. 
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Chapter 2 Research Program (Tasks) 

2.1 GFRP reinforcement design based on a MoDOT D type barrier  

The GFRP reinforced concrete barrier design is mainly based on the MoDOT Type D 

barrier design. The sizes and bends are adjusted to meet the requirements for glass fiber rebar 

specifications. The two-piece design is shown in Fig. 1. 2 stirrups are considered, stirrup 1 is a 

hooked bar that is designed mainly for the upper part strength of the barrier. Stirrup 2 is a closed 

stirrup to connect the barrier to the bridge deck. The stirrups are designed to have the minimum 

number of bends and a minimum radius of 2.5 inch and is satisfied for all positions. These stirrups 

are along the cross-section directions and aligned with a spacing of 6 inch. A total of 14 straight 

bars were aligned along the longitudinal direction of the barrier. The detail of the GFRP is based 

on two main factors: (1) to provide sufficient concrete cover when embedded into existing Type 

D barrier configuration; and (2) to satisfy the constructability. The research team has discussed 

with MoDOT engineers and industry collaborators. The proposed bent in both stirrups, especially 

stirrup 2, could be achieved by the mandrel fabrication process [27]. 
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Figure 2.1 Two-piece GFRP reinforcement design details. 

 

2.2 Behavior of GFRP reinforced concrete barrier under static loading conditions  

This work aims to provide quantitatively analysis and comparison between concrete bridge 

barriers reinforced with different types of materials (GFRP & steel bar) and different casting 

procedures (as a whole & separated). Parameter study is also conducted on the interspace (Δ𝑙𝑙=6, 

9, 10, 12 𝑖𝑖𝑖𝑖.) for all setups to explore the optimized reinforcement setup. All the cases studied in 

this part are carried out in commercial finite element software, ABAQUS. 

2.2.1 Model Construction 

A three-dimensional barrier with length of 17.5 ft, which is set to be 5 times of the loading 

area width to reduce the boundary effect, is constructed and used for static loading modeling, as 

shown in Fig. 2. The cross-section follows the type D barrier of the ASSHTO code while the 

reinforcement is constructed following the design as in Section 2.1. To compare the properties 

with different materials as reinforcements, here we adopted the same size parameters for steel bar 

and GFRP, only the adopted material property changes for different cases. To study the effect of 
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different amounts of reinforcement, a ranging spacing is considered for both reinforcement 

materials, which is shown as Δ𝐿𝐿 in Fig. 2c and ranges from 6-12 in. 

 

 

Figure 2.2 (a) GFRP/steel reinforced concrete barrier model construction. (b) GFRP/steel 
reinforcements. (c) Size parameters. 

 

To take the casting techniques into consideration, we built 2 different concrete barrier 

models. The first class of barriers are well connected to the base to model the concrete barriers 

casted along with the bridge deck. The second class of barriers are constructed separated with the 

bridge deck to model the barriers that are separated casted in different steps, where the contact 

surfaces are set to be rigid contact and the connection is mainly contributed by the reinforcement. 

Based on these considerations, a total of 4 series of cases are designed and modeled, each with 

different reinforcement materials and model constructions, as shown in Tab. 1. Each series 

contains 4 cases with different reinforcement spacing (Δ𝐿𝐿). The concrete part is meshed with 8-

node linear 3D solid elements assigned with homogeneous material properties. The 

reinforcements, including steel bar and GFRP bars, are modeled with 1D truss elements and 

embedded into the concrete model using non-sliding setups.  
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Table 2.1 Cases setup 

 
* : the concrete barrier is casted with the bridge deck. 
**: the concrete barrier is separately casted. 

 

The static loading condition is applied on the barrier via a steel plate, as shown in Fig. 2a. 

The length of the steel plate is set as 3.5 ft, according to AASHTO LRFD Bridge Design 

Specifications, which is also 1/5 of the barrier model length. TL-4 test level is adopted here for the 

parameter setups. To make it valid for all types of vehicles and the center of mass location varies 

for different types of vehicles, for general consideration, full coverage is considered along the 

height of the barrier. Displacement-controlled loading is considered. The material properties for 

concrete, steel and GFRP are included in Table 2-4. The stress-strain relationships of the materials 

are shown in Fig. 3. Note that the strength degradation effect of bending is considered by adopting 

the strength reduction factor specified in code ACI 440 [28]. 

 

 

Figure 2.3 Material properties for (a) concrete, (b) steel and (c) GFRP. 
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Table 2.2 Concrete material property 

 

 

Table 2.3 Steel bar material property 

 

Note: ASTM A36 steel bar for general structural purposes including bridges and buildings is 
considered for property determination. 

 

Table 2.4 GFRP material property 

 

* GFRP strength has been adjusted based on the strength reduction factor specified in ACI 440 
[28]. 

 

2.2.2 Modeling Results 

The stress distribution and concrete damage distributions for representative cases of all 

series are shown in Fig. 4-11. For different concrete cast scenarios with same kind of 
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reinforcements, the failure patterns have significant differences. Comparing Fig. 4 & 5 with Fig. 

6 & 7, for the GFRP-1 series where the concrete barrier is constructed as one whole part, the 

concrete damage mainly appears on the upper parts of the barrier and the damaged zone has a 45-

degree angle with the horizontal line. This is consistent with the direction of the first principal 

stress and indicates the beginning of the softening stage. Moreover, stress concentrations as well 

as concrete yield domains with lower values are also observed around the junction between the 

barrier and the bridge deck, which contributes but does not dominate the failure process. The stress 

distribution of the reinforcement (GFRP) is also consistent with this behavior, where the maximum 

stress is mainly distributed close to the front side where the impact force is applied. 

As for the GFRP-2 series where the concrete barrier and bridge deck are constructed as 2 

separate parts, the damage mainly occurs around the junction of these 2 parts while the concrete 

barrier is observed with minor yields. The strength of this group of concrete barriers is controlled 

by the structural behavior and depends on the strength of the conjunction. Correspondingly, seen 

from the stress distribution of the reinforcements as shown in Fig. 7, the maximum stress mainly 

appears around the back side as well as the junction of two concrete parts. This trend is also 

observed from the comparison between steel-1 and steel-2 series of cases (Fig. 8-9 with Fig. 10-

11), the failure of steel-1 cases is mainly controlled by the material property while the failure of 

steel-2 cases is a combination of material properties as well as structural behavior.  

As a summary, the GFRP reinforced concrete barriers have similar damage patterns as the 

steel reinforced ones, the adoption of different reinforcement materials doesn’t alter the failure 

mechanism of the concrete barriers. The main failure mode is the concrete crushing near the 

loading region. The “yield-line” type failures were observed for the cases where the barrier was 

connected with the deck to simulate the monolithic casting. For the cases where the barrier was 
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disconnected with the deck, the maximum stresses shifted to the back of the stirrup 1 reflecting 

the additional rotation at the barrier-deck joint. Overall, the GFRP reinforced concrete barriers 

have a relatively lower stress in concrete due to the higher rigidity of the reinforcement. 

 

 

Figure 2.4 GFRP-1 series modeling results. (a-b) Stress distribution of front and back view of the 
barrier. (c-d) Yield distribution of front and back view of the barrier. 

 

 

Figure 2.5 Stress distribution for reinforcements of GFRP-1 series.  
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Figure 2.6 GFRP-2 series modeling results. (a-b) Stress distribution of front and back view of the 
barrier. (c-d) Yield distribution of front and back view of the barrier. 

 

 

Figure 2.7 Stress distribution for reinforcements of GFRP-2 series.  
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Figure 2.8 Steel-1 series modeling results. (a-b) Stress distribution of front and back view of the 
barrier. (c-d) Yield distribution of front and back view of the barrier. 

 

 

Figure 2.9 Stress distribution for reinforcements of steel-1 series.  
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Figure 2.10 Steel-2 series modeling results. (a-b) Stress distribution of front and back view of the 
barrier. (c-d) Yield distribution of front and back view of the barrier. 

 

 

Figure 2.11 Stress distribution for reinforcements of steel-2 series.  

 

The reaction force curves for all series of cases with ranging reinforcement spacing are 

shown in Fig. 12 while the strengths are shown in Fig. 13. From Fig. 12-13, the reaction force 

increases quasi-linearly with the loading progress at the beginning. Afterwards, the slope 
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decreases, and the reaction force starts to decrease gradually after reaching the peak value 

(strength) until failure. The cases with concrete barrier casted monolithically (GFRP-1 and steel-

1 cases) have larger strengths than the cases where the concrete barrier and bridge deck are casted 

separately (GFRP-2 and steel-2 cases). The different reinforcement doesn’t show significant 

influence in the strength as well as the trends of reaction forces. This is because the maximum 

stress of reinforcement (GFRP or steel) after the failure of concrete barrier is still much lower than 

the strength of the reinforcement. From Fig. 13, the strength is decreasing with the increasing 

spacing, due to the less reinforcements used in the barrier. It should be noted that this decrease 

effect caused by the changing spacing is very limited, which reflects in the small absolute 

differences between the strengths for all cases. 
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Figure 2.12 Reaction forces versus displacements for (a) 𝜟𝜟𝜟𝜟 = 𝟔𝟔 𝒊𝒊𝒊𝒊, (a) 𝜟𝜟𝜟𝜟 = 𝟗𝟗 𝒊𝒊𝒊𝒊, (a) 𝜟𝜟𝜟𝜟 =
𝟏𝟏𝟏𝟏 𝒊𝒊𝒊𝒊, (a) 𝜟𝜟𝜟𝜟 = 𝟏𝟏𝟏𝟏 𝒊𝒊𝒊𝒊. 
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Figure 2.13 Strengths versus 𝜟𝜟𝜟𝜟 ft for both GFRP and steel reinforced concrete barriers 

 

To sum, the strength of the GFRP reinforced concrete barriers have similar strengths as 

those reinforced with steel. The effects of stirrups space were found to be alike for both GFRP and 

steel reinforced concrete barriers. All barriers showed failure strength above 150 kips in terms of 

reaction forces, which are much higher than the design strength of 54 kips.  

2.3 Behavior of GFRP reinforced concrete barrier under dynamic loading conditions  

This work aims to provide quantitative analysis for the behavior of GFRP reinforced 

concrete bridge barriers subjected to vehicle impact. To simulate the real scenarios, different 

impact angles are considered and modeled. Cases studied in this section are carried out with 

commercial software ABAQUS implicit and LS-Dyna. The main goal of using ABAQUS is to 

obtain a more detailed stress distribution in the structure since ABAQUS has a more enriched non-

linear analysis function. However, due to the high computational cost, only 90-degree impact 

modeling was conducted in ABAQUS to provide guidance for the subsequent varying angle impact 

modeling performed in LS-Dyna. 
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2.3.1 Model Car impact modeling using ABAQUS 

The car impact model is shown in Fig. 14. To avoid excessive computation, only the front 

part of the car is considered and constructed with shell elements. Frontal collision is considered in 

this case. To make the model able to simulate the real cases, the density of the car shell elements 

is set to be larger than real aluminum materials so that the shell could have a self-weight 

comparable to a real car. An initial velocity of 60 mph is considered for the car while the barrier 

is totally fixed on the lower boundary.  

The modeling results are shown in Fig. 15-16 for the car as well as the concrete barrier. It 

can be observed that the car after impact has a large deformation on the front and lower parts, 

which are also the locations of stress concentrations. Meanwhile, the barrier has shown limited 

deformations. The maximum stress is located at the contact point with the car, as expected. The 

influence of this impact on the deformation and damage of the nearby area is very limited. The 

reaction force from this impact has a maximum value of 31.77 kips, which is much lower than the 

strength of the concrete barrier calculated in Section 2.2. 
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Figure 2.14 (a-c) Normal, top and front view of the 3D model.  

 

 

Figure 2.15 Car crash procedure.  
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Figure 2.16 (a) Stress distribution of the concrete barrier. (b) Reaction force development.  

 

2.3.2 Truck impact modeling using ABAQUS 

Following similar procedures, the impact of a truck on the concrete barrier is also 

conducted using ABAQUS implicit. Truck shell model is constructed where the density is set to 

be larger to meet the self-weight of a real-world truck. The initial velocity is also set as 60 mph. 

The modeling results are shown in Figs. 18-19.  

With the height of the truck larger than the height of the concrete barrier, it is mainly the 

lower part of the truck that is deformed and has the stress concentration. Due to the flat surface, 

the contact area between the truck and the concrete barrier is larger than that of the car impact, 

which results in multiple points stress concentration shown in the Fig. 19. It can also be observed 

that the stress distributed on the back of the barrier is much lower than that of the front. This 

indicates that the impact load applied on the barrier is well dispersed to the whole barrier structure 

rather than one specific part and avoids the damage that might be caused by this impact. Moreover, 

this is also reflected as a lower maximum value but relatively long platform in the reaction force 
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curve. Also, the maximum reaction force for the truck impact is also much lower than the strength 

of the concrete barrier calculated in Section 2.2. 

 

 

Figure 2.17 (a-c) Normal, top and front view of the 3D model.  
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Figure 2.18 Truck crash procedure.  

 

 

Figure 2.19 (a) Stress distribution of the concrete barrier. (b) Reaction force development.  
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From the ABAQUS modeling results, we have found that most of the impact energy went 

into the vehicle due to the relatively high non-linear responses of the vehicle structures. However, 

it is suspected that the shell elements used in the model could lead to artificial compliances. In 

addition, the excessive computation cost involved using ABAQUS makes it challenging to model 

varying angle impact. Therefore, LS-Dyna modeling was further conducted, which will be 

explained in the following section.  

2.3.3 Truck impact modeling using LS-Dyna 

In this section, a truck impact case is modeled using LS-Dyna. Referring to the MASH 

standard [29], a C1500 pick-up truck model that is weighted around 5000 pounds is constructed 

based on one online model as shown in Fig. 20. 4 different crash cases with different impact angles 

are modeled to simulate different impact scenarios. Other than the recommended 25-degree impact 

angle, we considered a total of 4 ranging impact angles to verify the feasibility and safety of the 

GFRP reinforced concrete barrier. In this work, the impact angle is defined as angles between the 

truck moving direction with the barrier and adopts 4 different values, 90, 67.5,45,22.5. 

 

 
Figure 2.20 (a-c) Normal, front and side view of the 3D model.  
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Figure 2.21 Truck crash model setup.  

 

Different truck parts are assigned with corresponding material properties and meshed with 

mass, beam, shell or solid element types that are provided by the LS-Dyna, depending on the shape 

and size of each part. The ground is modeled with 4 rigid walls, each set for a corresponding wheel. 

As for the concrete barrier, the concrete part is meshed with mass elements and assigned with 

concrete damage plastic model, the GFRP reinforcement beam elements are assigned with 

anisotropic plastic property and embedded into the concrete structure.  

The truck is assigned with an initial velocity of 62 mph at the moment of collision, which 

is based on the TL-4 rating for pick-up trucks. The GFRP reinforced concrete barrier is totally 

fixed on the lower boundary. 

The modeling results for each of 4 cases are shown in Fig. 22-33. Seen from the collision 

procedures as well as the stress distributions, the difference of the impact angles directly reflects 

in the failure modes of truck as well as the GFRP reinforced concrete barrier, which is also 

reflected in the reaction force curves. 
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For all cases, the stress concentration happens mainly on the front part of the truck. The 

front part is observed with large deformation and damage while the latter part of the truck is with 

much smaller level of deformations. Comparingly speaking, the GFRP reinforced concrete barrier 

is barely deformed or damaged. This verifies that the GFRP reinforced concrete barrier design 

meets the requirement specified by the MASH standards. 

As for pick-up trucks in different impact angle cases, it can be observed that the level of 

damage decreases with the decreasing impact angle. For the cases with relatively larger impact 

angles (90 and 67.5), the front part of the truck is severely damaged. Comparingly, in the cases 

with relatively smaller impact angles (45 and 22.5), only part of the truck is deformed and the 

damage level is much lower.  

The stress distribution pattern in the GFRP reinforced concrete barrier also changes with 

the impact angle. For the cases with relatively larger impact angles (90), the maximum stress 

mainly develops on the upper part of the barrier around the impact location. As for the cases with 

smaller impact angles (67.5, 45 and 22.5), the maximum x-direction stress is developed around the 

junction between the barrier and the bridge deck, the impact load is well dispersed to the whole 

barrier. This is due to the different time period from first contact to the final failure that is caused 

by different impact angles. For cases with large impact angle (90), the buffer for collision is very 

limited and the dynamic energy is released in a very short time. This causes the severe damage 

observed on the truck as well as the stress concentrated on the upper part of the barrier. 

Comparingly speaking, smaller impact angles lead to a larger buffer zone before final failure, this 

answers for the slighter damage observed on the trucks of smaller impact angle cases as well as 

the stress concentration around the junction.  
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This is also observed in the reaction forces curves for all cases. Although most of the 

reaction forces follow a increasing-decreasing 2 stage behavior, the peak point appears relatively 

earlier for cases with larger impact angles. This is consistent with the smaller buffer zone in these 

cases. 

 

 

Figure 2.22 Truck crash procedure with impact angle being 90. 

 

 

Figure 2.23 (a-b) First principal stress distribution. (c-d) x-direction stress distribution. Stress 
unit: MPa 
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Figure 2.24 (a-b) X- and y-direction reaction forces with impact angle being 90. 

 

 

Figure 2.25 Truck crash procedure with impact angle being 67.5. 
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Figure 2.26 (a-b) First principal stress distribution. (c-d) x-direction stress distribution. Stress 
unit: MPa 

 

 

Figure 2.27 (a-b) X- and y-direction reaction forces with impact angle being 67.5. 
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Figure 2.28 Truck crash procedure with impact angle being 45. 

 

 

Figure 2.29 (a-b) First principal stress distribution. (c-d) x-direction stress distribution. Stress 
unit: MPa 
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Figure 2.30 (a-b) X- and y-direction reaction forces with impact angle being 45 degree. 

 

 

Figure 2.31 Truck crash procedure with impact angle being 22.5 degree. 
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Figure 2.32 (a-b) First principal stress distribution. (c-d) x-direction stress distribution. Stress 
unit: MPa 

 

 

Figure 2.33 (a-b) X- and y-direction reaction forces with impact angle being 22.5. 



33 

 

 

Figure 2.34 Maximum reaction force with respect to the impact angle. 

 

Seen from Fig. 34, with the impact angle increasing, the maximum reaction force along x-

direction is increasing and reaches the peak value at 90-degree impact angle. Meanwhile, the y-

direction reaction force decreases. For all cases, the maximum reaction forces are much lower than 

the barrier strength obtained in Section 2.2. 
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Chapter 3 Conclusions 

This study on GFRP reinforced concrete barriers has successfully designed the GFRP 

reinforced concrete barrier that can be used for bridge structures. The behavior of this GFRP 

reinforced concrete barrier under static and dynamic loadings are numerically studied using 

commercial software ABAQUS and LS-Dyna. 

For GFRP reinforced concrete barrier under static loading conditions consistent with the 

AASHTO specifications, modeling results reveal the following conclusions: 

1. The model with concrete barrier casted along with the bridge deck (shown as a whole) 

could provide higher strength, comparing with the model where the concrete barrier is just partially 

connected to the bridge deck. 

2. Different reinforcement material (GFRP and steel) does not have significant influence on 

the overall behavior and failure of the concrete barrier. 

3. Less spacing between reinforcements could increase the overall strength with a limited 

effect. 

4. Failure strengths of all cases, as presented in Tab. 5, are above 150 kips in terms of reaction 

forces, which are much higher than the design strength of 54 kips. 

 

Table 3.1 Concrete barrier strengths (kips) 
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For GFRP reinforced concrete barrier under impact load where the pick-up truck model 

construction and loading conditions adopted from MASH standards, modeling results reveals 

following conclusions: 

1. The maximum stress as well as the damage is mainly observed on the truck instead of the 

barrier.  

2. Peak reaction forces, as presented in Tab. 6, observed in all cases with different impact 

angles ranges from 15 – 45 kips. This is lower than the designed strength (54 kips). 

3. Impact angle has influence on the x- and y- direction reaction force distributions as well as 

the emergence of the peak force. 

4. No significant failure or deflection of the barrier is observed in any case, which satisfies 

the requirements of the MASH TL-4 standards. 

 

Table 3.2 Peak reaction force (kips) versus impact angle 

 

 

Overall, the modeling results show that the design of the GFRP reinforcement satisfies the 

requirements of AASHTO and MASH standards. The laboratory testing is recommended to verify 

the modeling results. 
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