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Abstract
REPAIR OF IMPACT-DAMAGED PRESTRESSED
CONCRETE BRIDGE GIRDER USING

GLASS FRP REBAR

Maria Angeles De La Flor Montero

The University of Texas at Arlington, 2015

Supervising Professor: Nur Yazdani
Overpass girders are risked by the impact of the traffic, over height vehicle,
travelling under the structure, creating a hazard for the drivers over and under the bridge.
When a bridge girder is damaged the repair solution adopted has to meet the
following criteria:
- Safety. The repaired structure has to provide a minimum level of service
to guarantee the safety of the traffic during the life of the structure.
- Repair time: The repair time has to be minimized to limit risks and
inconveniences for the traffic.
- Economy. The adopted solution has not only to fulfill the previous
requirements, but also has to be the most economical.
Nowadays a lot of construction projects have to confront this kind of issue. The
Lyndon B. Johnson (LBJ) Express construction project had to solve this problem. The
LBJ project is located on 1-635 and 1-35 in North Dallas, Texas. The bridge number 54 of
the LBJ project was hit by a truck, causing severe damage on one of its girders. The
incident caused loss of concrete and exposed several strands. The solution adopted for

the engineers was install fiber glass rebar and fill with repair mortar.



This study models the damaged girder before and after the repair to analyze its
structural behavior. The data obtained by this model have been compared to the data
obtained by the field test. The ABAQUS software has been used to model the girder.

The objectives of this study are provide a better understanding of the structural
behavior and propose adequate modeling techniques of beams repaired with GFRP
rebar. The proposed techniques will help to establish adequate repair procedures and to

anticipate the structural behavior of damaged girders prior to the repair process
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Chapter 1
INTRODUCTION
1.1.- Introduction

Concrete bridge repair has been an issue to be confronted by engineers almost
from the beginning of their activity. The damage suffered by the structure may have
different origins. They may be due to fire, to a poor design or construction, the passage of
time or just the impact of vehicles. The assessment of damage is important in deciding
the most suitable repair system in every situation. The types of repair can range from
making the in situ repair with minimal disruption or inconvenience to traffic until the
demolition of all or part of the structure and its reconstruction.

One of the most common problems any structure-has to face today is the impact
caused by vehicles that exceed the clearance for which they are designed. The Lyndon
B. Johnson (LBJ) Express construction project had to solve this problem. The bridge
number 54 of the LBJ project was hit by a truck, causing severe damage on one of its

girders. The incident caused loss of concrete and exposed several strands.

1.2.- Project Background
The LBJ Freeway is a partial loop of 37 miles (59.55 km) located in Dallas,
Texas. It travels along the north Dallas area, starting southeast of the city at an
intersection with 1-20 and ending at its meeting with SH 121 at the north entrance to the
Dallas-Fort Worth International Airport (Wikipedia, 2015).
In 2011 a remodeling of the highway in the stretch running between 1-35 and US
75 began. This project will create a new section of tollway with four lanes each way.
These four lanes added to the eight lanes of the freeway and the 3 lanes of the frontage

road will confront the volume of traffic that flows through this segment daily.
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Figure 1-1 LBJ Express Project Area

This is a major project approximately 13 miles (20.92 km) long, with a large
number of bridges and overpasses where about 7000 beams will be used and with a
deadline of less than 5 years. Because of these features the work schedule has been
critical to meet the project deadline. One of the most important factors to meet this
schedule has been ftraffic control since all the construction work has been developed
diverting the traffic flowing through this area.

Keeping the traffic flowing caused the coexistence of new routes with old layout
or temporary plot. It was during one of these phases of coexistence when the accident
that damaged the structure number 54 occurred. The overpass had been completed
while the lower trace was still the old route. This situation caused the structure to
temporally have a lower clearance than the one it is finally design for and motivated the
accident.

Bridge number 54 is located on Preston road over the LBJ express freeway in

North Dallas. It is formed by 3 spans with different number of girder in each one. The



span number 1 is the southernmost of the structure and the northernmost is the span
number 3. The girders used are prestressed with depressed strands. For spans 1 and 2

the girders are type "Tx46" girder and for span 3 are type "Tx28" girder.

Figure 1-2 Preston Road Bridge, Bridge 54

The girder damaged by the truck was the last girder of the second span in the
westbound direction. The impact caused damage along the bottom flange losing concrete

and exposing several strands decreasing the strength of the beam.



Figure 1-3 Damaged Girder

The solution taken by the constructors consisted of the following steps:

Remove the loss concrete,

Chip the existing beam to provide a rough surface,

Drill to place number 4 transverse and longitudinal fiberglass rebar,
Apply bonding agent, and

Fill with BASF LA40 repair mortar.

1.3.- Research Significance

Determining the most appropriate solution to perform the repair of prestressed

elements is a complicated task that requires a comprehensive study.

Among the most used repair systems the repairs carried out using Fiber

Reinforced Polymer (FRP) are the most common. These systems include benefits like

cost efficiency, performance time and high section strengthening. The Glass Fiber



Reinforced Polymer (GFRP) system was adopted as a solution to repair the bridge
number 54 of the LBJ Freeway.

The fact that they are increasingly common has increased the number of
researches or studies on the use of these systems in bridge repair application. However,
most of these researches investigate the behavior of a particular FRP system: the
Carbon Fiber Reinforced Polymer (CFRP).

Chapter 2 of this thesis, literature review, includes an analysis of the studies
found related to the use of FRP systems and its application to bridge repair. Although
most of them are focused on the use of CFRP, the number of investigations about the
use of GFRP systems has increased in the last years.

These investigations are focused mainly in the use of GFRP for bridge deck
reinforcement and in the durability of GFRP systems. The topics studied in these
researches are varied and include the application of GFRP not only to bridge repair but
also to strengthen other sections such as square columns or railroad crossties.

The number of studies related to the use of GFRP for bridge girder repair is low.
Therefore this thesis is important since it studies a use of GFRP less investigated. This
research work establishes a finite element model to analyze the behavior of a
prestressed concrete beam repaired with GFRP. This analysis is conducted by using a
finite element program, ABAQUS, to later compare the results with the data from the field
test.

Most of the researches described in Chapter 2 obtain the results based on scale
models or imposing a given type of impact. In this case the damaged beam is part of a
real structure in service, it is not an isolated element, hit by a truck causing a particular
structural damage. This is another reason that makes this thesis necessary since none of

the researches found represents the actual structural behavior of the girder.



1.4.- Objective Of The Study
The main objective of this research is to provide a better understanding of
modeling the behavior of beams repaired with GFRP rebar. To achieve this objective, the
girder has been modeled before and after the repair.
The tasks to be completed are:
- Modeling by finite element software the girder at each phase.
- Analyze the results obtained by the theoretical model and compare them
to the field test data.
- Establish conclusions about the relationship between the actual behavior

of beams repaired with GFRP and the theoretical behavior.

1.5.- Thesis Organization

This thesis has been organized as follows:

Chapter 1 describes general aspects of the thesis as well as the need for this
study.

Chapter 2 reviews the literature and references available. It provides a
description of the regulations and guidelines that can be found for bridge repair. It also
defines and describes the different types of FRP systems. Finally it includes the studies
and researches related to FRP systems that have been found and the software that will
be used to perform this thesis.

Chapter 3 includes the description of the original girder, the description of the
damage, and the description of the repair solution adopted by the company.

Chapter 4 describes the results of the tests carried out in the field. It shows the

strains measured by the strain gauges during the two phases of the field test.



Chapter 5 explains the 3D model generated using ABAQUS. It includes all the
data needed to model the two phases of the field test.

Chapter 6 exhibits the results obtained from ABAQUS. It compares these results
with the field test data summarized in Chapter 4.

Chapter 7 establishes the study's conclusions based on Chapter 6.

Appendix A provides the bridge drawings.

Appendix B includes the tables of the strain measured in the field test.

Finally, at the end of this research work it is included a list of references used to

develop this thesis.



Chapter 2
LITERATURE REVIEW
This literature review is divided in four parts. The first part consist of the review of
the last normative and guidelines that can be used for repairing prestressed concrete
girders. The second part defines and describes the types of Fiber Reinforced Polymer
(FRP) systems. The third part analyzes numerous thesis, studies and dissertations that
have been published during the last years. Finally the fourth part describes the finite

element software that is used for the development of this thesis.

2.1.- Normative And Guidelines For Repair Prestressed Concrete Girders
The normative and guidelines for bridges repair found are listed below:

- AASHTO LRFD Bridge Design Specifications (AASHTO, 2012), including
the "Guide Specifications for Design of Bonded FRP System for Repair
and Strengthening of Concrete Bridge Elements."

- NCHRP REPORT 654, "Evaluation and Repair Procedures for
Precast/Prestressed Concrete Girders with Longitudinal Cracking in the
Web," (Tadros, Badie, & Tuan, 2010).

- NCHRP REPORT 655, "Recommended Guide Specification for the
Design of Externally Bonded FRP Systems for Repair and Strengthening
of Concrete Bridge Elements," (Zureick, Ellingwood, Nowak, Mertz, &
Triantafillou, 2010).

- NCHRP 20-07/task 307, "Updated Research for Collision Damage and
Repair of Prestressed Concrete Beams," (Harries, Kasan, Miller, &

Brinkman, 2012).



The Guide Specifications for Design of Bonded FRP Systems supplements the
AASHTO LRFD Bridge Design Specifications. According to AASHTO, (2012)

"These guide specifications are intended for the repair and strengthening

of reinforced and pre-stressed highway bridge structures using externally

bonded fiber-reinforced polymer (FRP) composite systems."

The objective of the NCHRP REPORT 654 is to establish a guide to help the
technical team to decide whether to accept, fix or remove the girder with longitudinal web
cracking. This manual also includes criteria for acceptance of materials and repair

methods for beams with end zone cracking. Depending on the crack width the guide

recommends different types of repair systems. Table 2-1 summarizes the four criteria set:

Table 2-1 NCHRP REPORT 654 Criterion (Tadros, Badie, & Tuan, 2010)

CRITERION | CRACK WIDTH, in (mm) RECOMMENDED SOLUTION

FIRST 0-0.012 (0 - 0.3) Not Repair

Cracks be filled with a cementitious
SECOND |0.012-0.025 (0.3 - 0.06) | packing material and then covered

with a water resistant surface sealant.

Epoxy injection for cracks wider than
THIRD 0.025 - 0.050 (0.06 - 0.13) 0.025 in (0.06.mm) and cementitious
packing material for cracks narrower

than 0.025 in (0.06 mm)

Rejection unless it can be shown by

detailed analysis that structural
FOURTH Greater than 0.050 (0.13) capacity and long term durability are

not compromised

The lack of specifications nationally recognized for the use of externally bonded
FRP systems has hindered the use of these systems for the repair and strengthening of
bridges. The NCHRP REPORT 655 has as a goal to establish specifications that help the

engineer to use these systems for the repair and strengthening of prestressed or



reinforced concrete structures. This report includes the use of thermoset polymers
reinforced by carbon, glass or aramid fibers. In addition to six illustrative examples the
guide provides the formulation needed to calculate bending, shear, axial, torsion and their
combinations.

Finally the NCHRP 20-07/task 307 is not an official publication of the National
Cooperative Highway Research Program (NCHRP). However it was prepared as part of
NCHRP Project 20-07, task 307 (Harries, Kasan, Miller, & Brinkman, 2012). This report
aims to establish a foundation to help engineers in the repair of prestressed beams
providing the necessary criteria to decide whether to repair in situ or remove the
damaged item. This guide updates de NCHRP REPORT 280, 1985. Nine repair
techniques are described including the following:

- Externally Bonded Carbon Fiber Reinforced Polymer (EB-CFRP)
- Externally Bonded Post-Tensioned Carbon Fiber Reinforced Polymer
(bPT-CFRP)
- Post-Tensioned Steel (PT-steel)
- Internal Strand Splicing
Based on the loss of strands Table 2-2 is set to provide a guide for classifying the

prestressed concrete girder damage.
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Table 2 -2 Damage Classification for Prestressed Concrete Girders (Harries, Kasan,

Miller, & Brinkman, 2012)

Strand loss Camber
Concrete with shallow spalls, nicks and cracks, scrapes
MINOR and some efflorescence, rust or water s.tams. Damage No exposed strands. No effect of girder camber.
does not affect member capacity. Repairs are for
aesthetic and preventative purpose only (NCHRP 280)
Larger cracks and sufficient spalling or loss of concrete
to expose strands. Damage does not affect member Exposed strands. .
MODERATE capacity. Repairs are intended to prevent further No severed strands. No effect of girder camber.
deterioration (NCHRP 280)
Damage affects member capacity but may not be
critical - being sufficiently minor or not located at a
SEVERE | |critical section along the span [2.5]. Repairs to prevent |Less than 5% strand loss. Partial loss of camber.
further deterioration are warranted although structural
repair is typically not required.
Damage requires structural repair that can be affected
using a non-prestressed/post-tensioned method. This o
SEVERE Il may be considered as repair to affect the STRENGTH Strand loss greater than 5%. |Complete loss of camber.
(or ultimate) limit state.
Decompression of the t.ensue soffit has re;ul?ed . Strand loss exceeding 20%.
[2.6.1.2]. Damage requires structural repair involving R
. In longer and heavily loaded " "
replacement of prestressing force through new . X Vertical deflection less than
SEVERE Il . ) . sections, decompression
prestress or port-tensioning. This may be considered as may not occur until close to 0.5%.
repair to affect the SERVICE limit state in addition to the 300}, strand loss
STRENGTH limit state. ’ i
SEVERE IV Damage is too extensive. Repair is not practical and the Strand loss greater than 35% Vertical ;:leflectlon greater
element must be replaced. than 0.5%.

Once the type of damage has been defined the manual provides several flow

charts based on the type of damage and beams with the solution that can be taken.

Damage Classification = I

I Impact-Damaged Single-Web Girder

MINOR | moperate ||

SEVERE |

|| severen | | severem |

SEVERE IV

patching and corrosion mitigation

Recommended Repair = no structural repair EB-CFRP strip EB-CFRP strip PT-steel
strand splice PT-Steel bPT-CFRP
strand splice
Viable Repair = EB-CFRP fabric EB-CFRP fabric hybrid with
NSM-CFRP NSM-CFRP strand splice
l EB-CFRP fabric U-Wrap (optional) I
! ! ! Replace
| Return to Service | Girder

Figure 2-1 Repair Selection Flow Chart For Prestressed Concrete Single-Web Girders

(Harries, Kasan, Miller, &

11
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Therefore the AASHTO 2012 along with the different NCHRP reports form a

good basis for carrying out the repair of damaged structures.

2.2.- Fiber Reinforced Polymers (FRP)
Two are the main components of Fiber Reinforced Polymer (FRP): polymers and
fibers. Masuelli (2013, p. 3) defines FRP as

"Fiber-reinforced polymer (FRP), also Fiber-reinforced plastic, is a
composite material made of a polymer matrix reinforced with fibers."

The polymers used are vinylester or polyester thermosetting plastic, epoxy and
phenol formaldehyde resins. Among the most common fibers are glass, carbon, aramid
and basalt (Masuelli, 2013).

FRP reinforcements are easy to install, lightweighted and exhibit high tensile
strength, which facilitates handling and accelerates the construction or repair. Other
advantages of their use are their good long-term performance and low cost (Zureick,
Ellingwood, Nowak, Mertz, & Triantafillou, 2010). These characteristics have made the
use of FRP systems more common in civil engineering.

However there are also disadvantages to consider when these systems are
used. They have brittle failure, poor shear resistance, poor resistance to fire and high
temperatures, loose strength upon bending and they are susceptible to stress-rupture
effects (Masuelli, 2013).

Because the fibers take a largest amount of volume and they resist the greater
proportion of the load, the fibers are the main component on a fiber reinforced composite
material. For this reason it is important to make a proper selection of the type of fiber,
fiber length, volume occupied inside the compound and fiber orientation (Mallick, 2008).

Nanni, Luca, & Zadeh (2014) describe the types of fibers more common as

follows:
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- Carbon. It exhibits modulus and strength three times higher than glass
fiber and also it is ten times more expansive. The type of carbon fiber
more used in civil engineering is the carbon fiber made from
polyacrylonitrile (PAN). PAN-based carbon fiber is characterized by high
modulus and high strength. Other kind of carbon fiber that can be found
are the carbon fiber made from rayon, used to generate low modulus
carbon fiber, and pitch, it has higher modulus than PAN but lower

strength.

Figure 2-2 Carbon Fiber Rebar

- Glass. It has good thermal and electrical insulation properties. The main
types of glass fiber are three:
0 Electrical (E-glass). It has high mechanical properties, low
predisposition to moisture and high electrical insulating
properties.

o0 Alkali-Resistance (AR-glass). It resists very well the alkali attack.

13



0 High- Strength (S-glass). It is more expensive than E- glass
making it less preferable despite it has a higher modulus and

tensile strength.

Figure 2-3 Glass Fiber Rebar

Aramid. It offers high toughness, high impact resistance and good
mechanical properties at low density. The most common type of aramid
fiber is Kevlar. It is resistant to lubricants, fuels and organic solvents. Its

high price limits its use.

14



Figure 2-4 Aramid Fiber Composite Rebar

Basalt. It has high elastic modulus and high biosolubility. Basalt fiber is
slightly stronger than E-glass, but from an environmental point of view is
safer since it is a non-magnetic, non-corrosive and non-toxic material.

Also it has very good insulating characteristics and high-heat stability.

Figure 2-5 Basalt Composite Rebar
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2.3.- FRP Researches

Nowadays a large number of thesis, dissertations or articles about bridge repair
can be found. These studies investigate the structural behavior and the advantages or
disadvantages of a particular bridge repair system, including the use of FRP.

Between the types of FRP systems used for construction the most common is
the CFRP. The CFRP investigations that have been developed are not only large in
number but also they are varied. The topics vary from establishing recommendations for
bridge repair using CFRP to studying the strengthening of prestressed concrete girder
with CFRP.

Another type of FRP that is used for repair is the GFRP. GFRP is used especially
for bridge decks due to its good durability and corrosion properties. Although the number
of investigations about the use of GFRP to repair bridge girder is low in recent years the
number of investigations about other uses of GFRP has increased. These investigations
have focused not only in the use of GFRP in bridge deck but also they studied its

application in other structural members.

2.3.1.- CFRP Researches

Some of the CFRP researches develop design guidelines and recommendations
in order to carry out the repair of the elements damaged either by vehicle impact or not.

Hutchinson (1999) demonstrates how the use of externally bonded CFRP sheets
is an effective solution for improving the shear strength of prestressed concrete |-girders.
With the information obtained this dissertation establishes recommendations and
guidance for using CFRP sheets.

Pantelides, Reaveley, & Burningham (2010) provide a guide repair of bridge

girders using FRP. The girders considered in this study are either reinforced or
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prestressed concrete girders suffering from shear o flexural strength deficiencies related
to end cracking or to vehicular collision.

Hasenlamp, Badie, Hanna, & Tadros (2012) establish criteria for repair materials
and methods for prestressed concrete girders with end zone cracking caused by
prestress release.

Rosenboom, Miller, & Rizkalla (n.d.) come through with a shear design model
that describes precisely the shear behavior of a section repaired with CFRP.

Not all studies on CFRP set guidelines to follow, but most of them provide
conclusions that help future bridge repairs.

Cha (2001) demonstrates how the use of carbon fiber composites strengthened
the prestressed concrete beams up to 86% for high-strength concrete and 58% for
normal strength concrete. Therefore the greatest increases in strength are obtained for
high-strength concrete.

Klaiber, Wipf, & Kempers (2003) based on the laboratory and field tests, they
infer that the use of CFRP for repair prestressed concrete girder is feasible when about
15% of the strands are severed.

Green & Boyd (2005) conclude that the CFRP systems can restore up to 90% of
the moment capacity loss after a vehicle impact.

Kasan (2012) shows that the prestress structure redevelops the same strength
once it has been repaired with CFRP.

Brinkman (2012) studied which of the different types of CFRP is better. He made
the comparison between three systems: near surface mounted (NSM), externally bonded
(EB), and bonded post-tensioned (BPT). The last system was the most effective restoring

the lost capacity.
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Many of these researches have been conducted in laboratory using scale
elements with a simulated damage to perform better investigations on possible repair
solutions. Rosenboom and Kasan are two researchers who have used scale elements.

Rosenboom (2006) tested thirty full-scale prestressed concrete bridge girders,
twenty one of them were C-Channels girders. These girders were retrofitted with FRP
materials. This dissertation examines not only the repair and strengthening of
prestressed girders with FRP materials from an engineering point of view, but also the
bond behavior and its relationship with FRP.

Kasan (2009) investigated with twenty two prototype prestressed concrete bridge
girders, including spread boxes (SB), AASHTO type | girders (IB), and adjacent boxes
(AB), varying degree of damage and CFRP repair techniques. It was concluded that
when 25% or more of the strands in a girder no longer contribute to its capacity the best
option is to replace it.

Other researchers like Bullock, Barnes, & Schindler (2011) base their results not
only in tests performed in the laboratory but also in field investigations. They analyzed the
effectiveness of the use of FRP as repair system on the 1-565 in Huntsville, Alabama. The
structure showed wide cracks as a result of thermal deformations and inadequate
reinforcement details. They concluded that the FRP system used was an effective repair

solution.

2.3.2.- GFRP Researches
Most of the studies about the use of FRP systems in civil engineering are about
the use of CFRP. However, lately the number of investigations about using GFRP has

increased.
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Two advantages of the use of glass fiber reinforced polymers are their corrosive
resistance and their durability.

Abushagur (2004) found that the use of glass fiber reinforced polymer not only
creates a corrosion protective layer for steel structures but also improves the flexural
capacity of steel sections.

Ragaby (2007), Liu (2011), and Besser (2011) are three authors that investigated
about the use of GFRP bars as reinforcement. For Ragaby the use of fiber reinforced
polymer as reinforcement for bridge deck slabs is a good solution to the corrosion
problems suffered by bridge deck slabs. He studied the fatigue behavior and fatigue life
of concrete bridge decks slabs reinforced with glass FRP bars. His results showed that
the concrete bridge deck slabs reinforced with glass FRP bars had superior fatigue
performance and longer fatigue life.

Huang (2010) and Yan (2005) focused their investigations on the durability of the
GFRP. Huang had as objective to achieve a better understanding of the durability
behavior and degradation mechanism of GFRP bars in concrete environments. He
developed more accurate environmental reduction factors that those given by the design
codes. Yan investigated the durability of glass fiber composites as bridge deck
reinforcement subject to weathering conditions.

The GFRP has a varied use. It can be used to strengthen railroad crossties, to
improve the flexural capacity of steel sections or to repair columns.

Laosiriphong (2000) found that the use of glass fiber reinforced composites
wraps increased the durability of railroad crossties. He tested half scale wooden crossties
wrapped with GFRC. The glass fiber reinforcement enhanced the flexural rigidity by 44
percent and the shear modulus by 18 percent. Therefore he concluded that railroad

crossties are strengthened by wrapping them with GFRPC.
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Memon (2002) investigated the use of GFRP sheets to repair square columns.
The columns tested were under simulated earthquake loads. The study concludes that
the use of GFR sheets can significantly enhance ductility, energy dissipation ability, and
moment capacity of deficient square columns.

Smith (2004) investigated the rehabilitation of timber railroad bridges using GFR
composite materials. He tested four full scale timber stringers. Two of them were tested
to failure in bending and then were repaired with GFRP composite wraps. The other two
specimens were tested to failure in shear. He found that all specimens showed significant
signs of strength regain. He concluded that the use of GFRP composite materials in the
repair, allowed the recovery of 55%-60% of initial strength. Therefore the use of GFRP
composite materials for rehabilitation of timber railroad bridges provides a quick and easy
to install alternative.

Mahmood (2002) compared the cracking of concrete members reinforced either
with Glass FRP or steel. He concluded that there is no difference between the cracks
width when using steel or GFRP.

Johnson (2014) conducted an experimental program with twenty four large scale
beams reinforced with different types of Glass FRP bars. The study concludes that the

bent bar GFRP stirrups tested exhibit acceptable thermal and mechanical properties.

2.4 - Finite Element Modeling
In order to carry out the necessary calculations to study the behavior of damaged
items, it is often used the Finite Element Method (FEM). To facilitate this analysis there
are different software available to help in the modeling of these elements.
Much of the research mentioned above used this kind of software. Ragaby

(2007) used the software ANACAP to model bridge deck slabs. Brinkman (2012) used
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XTRACT to obtain the flexural capacity of prestressed I-girders. The software ANSYS
can be used to accurately predict the crack patterns and failure modes of FRP
strengthened girders (Haque, 2014).

The software used for the development of this thesis is ABAQUS. ABAQUS was
created in the late seventies by David Hibbit, Bengt Karlsson, and P. Sorensen. The
software is highly sophisticated and allows modelling the behavior of structures under
external loads.

One of the advantages of using ABAQUS is that it has an extensive library of
materials, including the elastic and elastic-plastic solids, and elements, such as beams or
plates. Its most important capabilities or abilities are:

- Analysis of static and dynamic problems.
- Contact between solids modelling.
- Model changes in shape of solids.
- Model phenomena such as buckling or vibrations.
The use of this program will help to obtain a model that reflects the behavior of

the prestressed girders before and after the repair.
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Chapter 3
CASE DESCRIPTION
This Chapter describes the main characteristics of the problem studied in this
thesis. The chapter is divided into three parts. The first part describes the girder damaged
by the truck and the bridge where it is located. The second part is the damage
description; it includes a description of the area damaged. The last part explains the

solution adopted by the company to repair the girder.

3.1.- Girder Description
Bridge number 54 is located on Preston road over the LBJ express freeway. The

bridge consists of two different structures, the northbound and the southbound structures.

: — ey E“‘-‘"
e =S

1 Northbound

—1 Southbound

—— Damaged Girder

Figure 3-1 Bridge 54 Layout
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Both structures have 3 spans with different number of girder in each one. The

types of girder used for both structures are prestressed concrete | girders type Tx46 and

The southbound structure is formed by 23 prestressed I-girders type Tx46 in the

span 1, by 9 prestressed I-girders type Tx46 in the span 2 and 11 prestressed I-girders

type Tx28 in the span 3. Figure 3-2 shows the position and the number of the girders

according to the drawings.
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Figure 3-2 Preston Road Southbound Girder Layout

Similarly the northbound structure is formed by 21 prestressed I-girders type

Tx46 in the span 1, 9 prestressed I-girders type Tx46 in the span 2 and 13 prestressed I-

girders type Tx28 in the span 3, Figure 3-3.
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Figure 3-3 Preston Road Northbound Girder Layout

The damaged girder is located in the span 2 of the southbound structure. The

span 2 has a total width of 95.5 ft (29.11 m) and its slab is 8 in (203 mm) thick. The

spacing between the girders is 11.45 ft (3.5 m). The two overhangs have a width of 3.5 ft

(1.07 m) and 2.25 ft (0.69 m), Figure 3-4.
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Figure 3-4 Southbound Slab Section
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According to the number given in the drawings, the damaged girder is the girder
number 1 of the span 2. It is a simple supported beam with a total length of 86.195 ft
(26.27 m) and a clear span of 84.667 ft (25.81 m).

The girder number 1 of the span 2, damaged girder, is a prestressed concrete I-
girder type Tx46 with 42 low relaxation strands placed according to the strand pattern

shown in Figure 3-5.
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Figure 3-5 Strand Pattern

This is a non-standard pattern, with all strands non debonded and four of them
harped. With this strand pattern the eccentricity is 15.6 in (396 mm) at midspan and
12.17 in (309 mm) at end. The strands are grade 270, f,, = 270 ksi (1,861 MPa), with 0.5
in (12.7 mm) diameter. The girder concrete strength is 8,500 psi (58.6 MPa).

The reinforcement is made with a grade 60 steel, f, = 60 ksi (414 MPa). The bars
used were bars number 3, 4, 5 and 6 following the TxDOT standard. The distribution of

these bars is shown in Figure 3-6.
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Figure 3-6 Steel Reinforcement

Appendix A of this thesis includes the bridge number 54 drawings.

3.2.- Damage Description
According to the drawings, Figure 3-2, the girder damaged was the girder
number 1 of the second span in the southbound structure. The impact caused damage
along the bottom flange losing concrete and exposing several strands. The center of the

impact was located at 22 ft (6.7 m) from the southernmost support, Figures 3-7 and 3-8.
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Figure 3-7 Damage Plan View

Figure 3-8 Damage Location

The total length of the damage was about 14 ft (4.3 m), leaving three strands in

the bottom row exposed but none of the strands was severed, Figures 3-9 and 3-10.
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Figure 3-9 Damage

Figure 3-10 Strands Bottom Row Exposed

The damaged section is shown in Figure 3-11.
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Figure 3-11 Damaged Section

3.3.- Repair Solution Adopted

Based on the damage classification included in NCHRP 20 07, Table 2-2, since
the strands were exposed and none of them was severed, the damage can be classified
as moderate. Although there was no structural damage an adequate repair was required

to prevent further deterioration and the corrosion of the strands.
The solution adopted by the company was based on the use of three different

materials. These materials were:

- Bonding agent, EMACO P24. It was used to ensure the bond between
the repair mortar and the concrete. It was applied to all concrete, strands
surfaces and fiber glass rebar. Table 3-1 shows the technical data given

by the manufacturer.
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Table 3-1 Bonding Agent. Technical Data

Test Data
PROPERTY RESILTS TEST METHOD
Pot Iife, mixed 150 g, min, 490
at 72* F (22° ()
Working time, rmin_ 30
at 72* F (22° G)
Compeessive strength, psl (MPa), 8,000 (55.2) ASTM C 109
28 days
Flexural strength, psi (MFPa), 1.000 6.5 ASTM C 348
28 days
Tensile bond strength, 14 days ACl 5038
Open time, hrs Psi (MPa)
2 =200 (1.4)
9 > 200(1.4)
24 =200 (1.4)
Slamt shear bond, 14 days ASTM BAZ
Open time, hrs Psl (MPa)
2 = 3,000 (20.7)
9 = 2500 (17.2)
24 = 2,000 (137
Splitting tensile, psl MPa), 28 days 1,000 (6.9 ASTM C 4586

Test results are averages obtained undar lsboratory conditions. Expect raasonable varizfions.

#4 Fiber Glass Rebar. The use of fiber glass rebar was motivated by its
high resistance to corrosion. Also, this kind of solution reduces to the
minimum the aesthetic impact of the repair; the use of wrap in a recently
built bridge would have produced a higher impact. The rebar were
arranged both longitudinally and transversally. The length of the
transverse rebar were 8 in (203 mm), embedded 4 in (101 mm) inside
the girder section. These bars and the bonding agent were placed to
ensure the adherence between the concrete surface and the repair
mortar surface. The rebar were spaced at 6 in (152 mm) along the length
of the damage and located at 8.5 in (216 mm) from the bottom. The
longitudinal rebar were placed along the damage above and below the

transverse rebar and they had a length of 14 ft. (4.3 m). These rebar
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enhance the flexural capacity of the repair section. They compensate the
use of a repair mortar with a nominal strength,
f'c = 6,000 psi (41.4 MPa), lower than the nominal strength of the
prestressed girder concrete, f'. = 8,500 psi (58.6 MPa). The materials

properties given by the manufacturer are shown in Table 3-2.

Table 3-2 Fiber Glass Rebar. Technical Data

= = o AV A V:ROD STANDARD
Revision: Mat 2011
V-Rod standard straight bars only, does not apply to bent bars #2GFRP | #3GFRP | #4GFRP | #5GFRP | #6GFRP | #7 GFRP | #8 GFRP
V-ROD V-ROD V-ROD V+-ROD V-ROD V+-ROD V+-ROD
. tood toreslle sromath * TPa EEE] 5] LA T 807 Eil T
inimum guaranteed tenslle sireng ksl 136 129 136 135 117 118 102
ominal tensile modulus GPa R B34 205 T35 2.5 T54 225 TEE <25 TE.5 25 T2025
= ksl TG00 2363 | 7730 2363 | 7768 2363 | 8029 2363 | 8203 2363 | 7754 2363 | 7667 2363
EnSie stan A L] T.66 .76 769 s 153 S
iE50n's raln [E] 0.25 0,21 0.26 0.25 0.25 0.25 0,28
Mominal Flexural strength Mha 1200 1169 1005 930 582 811 L]
: v ksl 174 168 146 135 128 117 112
Nominal Flexural modulus GPa LR 6.1 46,8 46.8 [ 446 45,1
: : ksl T071 6685 G787 G786 5533 6466 G538
[Flexural sirain e zAG Z.50 [ 709 .06 Toe T2
- WP 14
Nominal Bond strength i 5058
nd 3] 0.8
- ETT 52
Long of tharmal SEBT 35
Transverse coellicient ol thermal expansion i Lk 238
a8 cos pa XE-6/F 13,2
[[eTsture absorphion % [ A N - I T Ak
T vol [
Glass content =
o waighl [£]
el — - — L — — —
Weiaht om 05 81 T8 [ ) T 132
&g it 0,064 0,122 0,200 0,328 0,443 0,508 0,761
) — mm’ 47,0 95,0 149.0 234.0 302.0 396.0 546.0
5 ] i s i -
Effective cross-sectional area (including sand coating| inch 00728 0.1473 0.2310 0.3627 0.4681 06138 0.8463
) - mm 3,7 71,3 126,7 197,9 2850 367.9 506.7
Nominal cross-sectional area inch? 0,0491 0,1104 0,1963 0,3068 0,4418 0,6013 07854

* the minimum guaranteed lensile strength must not be used to calculate the strength of the bant portion of a bent bar. Instead usa the minimum guaranteed tensile strength found in the
technical data sheet of bent V-Rod bars.

** Please contact the manufacturers for d pplications.

Development and splice lengths are available upon request but should be properly calculated by a design engineer.

Please refer to the bent bar data sheet for designs using bent V-Rod bars.
It is the responsibility of the design engineers to confact the bar manufacturer to get the latest updates of this technical data sheet.

- LA40 Repair mortar. It was applied to cover the strands exposed and the
fiber glass rebar, restoring the section to its original shape. According to
its manufacturer the LA40 repair mortar is a one component shrinkage-
compensated micro concrete. This mortar has been designed for large

volume repair. Its technical data are given by Table 3-3.

31



Table 3-3 Repair Mortar. Technical Data

Test Data
PROPERTY RESILTS TEST METHODS
Fresh wet density, I (ko/m’) 142 (2 275) ASTM C 138
Compressive strength, psi (MPa); ASTM C 109
2" (51 mmj cubes
1 day 2500(17.2)
7 days 5,000 (34.5)
28 days 6,000 (41.4)
Compressive strength, psl (MPa); 5,000 (34.5) ASTM C 38
3 by 68" (76 by 152 mm) cylinders,
at 28 days
Flexural sirength, psi (MPa), 1,150 (7.9 ASTM C 348
at 28 days
Slant shear bond strength, 3,000 (20.7) ASTM C 882, [modified")
pel (MPa), at 28 days
Splitting tensile strength, 500 (3.4) ASTM C 496
pel (MPa), at 28 days
Drying shrinkage, ustrain, 350 ASTM C 157, (unmodified)
at 28 days
Drying shrinkage, |sirain, 611 ASTM C 157, [madified)
at 21 days
Freeze/thaw resistance, % RDME 100 ASTM C 666
Coefficient of thermal expansion, 5.5 %105 @9 x 109 CRDC 39
infin®™ F {emiem™ )
"N bonding agent

*RIM = Relative Dynamic Modulus

Results were cbiained with a water / powder ratio of 4 g=/B0 |b (3.8 736 kg bag or 2.7 gi/55 Ib (2.6 LIS k) bag.
Al application and performance values are typical for the material, but may vary with test methods, conditions, and configurations.

The repair procedure comprised the following steps:

1) Remove the loss concrete.

2) Chip the existing beam to provide a rough surface.

3)
4)
5)
6)

7)

Drill to place number 4 fiber glass rebar.
Place number 4 fiber glass rebar.

Apply bonding agent.

Install formwork.

Fill with repair mortar.
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8) Remove the formwork.

The first and second step had the objective of obtaining a clear surface that
allows for the perfect adherence between the parts. Chipped concrete had a minimum
depth of 1.5 in (38 mm). Where the area of the strand exposed was greater than 25% of
its total cross sectional area, the concrete was chipped back to allow for proper
consolidation and bonding of concrete repair material.

Once all the delaminated concrete was removed, the third step was carried out.
The holes where the transverse rebar had to be placed were drilled following the sketch

of Figure 3-12.

y 36" |
1

46"

Bonding Agent— # 4 Fiber Glass Rebar @ 6"

Repair Mortar———|

nnnnnnnnnn
aaaaaaaaa

4|7£|8_j\—# 4 Fiber Glass Rebaf

ey
2

32« |
Note: 1in =25.4 mm

Figure 3-12 Repair Sketch
After drilling the holes and cleaning the strands of all rusty surfaces the fiber

glass rebar were placed. Then the bonding agent was applied to all concrete, strands and

fiber glass rebar, ensuring the bond between the concrete and the repair mortar.
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The next step was the step number 6, the installation of a formwork on the repair
section was necessary to ensure the shape of the original girder was restored. Once the
formwork was installed the repair mortar was poured.

Finally after twelve hours of curing period the formwork was removed, step 8.
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Chapter 4
FIELD TESTING
The field tests performed consisted of monitoring the strains on the damaged
girder before and after the repair when subjected to different loading cases. The
monitoring was performed in two phases. The first phase monitored the damaged girder
using six strain gauges placed on the damaged girder. The second phase was performed
once the girder was repaired. To monitor this second phase the same gauges were uses
plus one new gauge placed on the repaired section. For each phase a truck was placed

in different positions and the associated strains were recorded.

4.1.- Truck Description
The truck used for the test was not the standard truck defined by AASHTO.
AASHTO uses a design truck with a total weight of 72,000 Ibs (320,272 N). The weight of
the truck used for the test was 90,000Ibs (400,340 N). This weight is distributed in six

axles. Figure 4-1 shows the characteristics of the truck.

[l
%" o A
400 BRINELL ,//t 0 1
ﬁ e __

re—— ——19]

l—l4=4"—+"|s=4"—1

P2 pP/2 =42'
L L Axle 1 Ade2 Axle3 Axle 4 Axle5 Axe8
\LPﬂ:‘iS Kips L LPw:m Kips J, J/ LP2:12 Kips
P1=18 Kips P2=12 Kips P2=12 Kips

Note: 1t =0.3m
1 Kip =445 KN

Figure 4-1 Truck Characteristics
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The total length of the truck is 42 ft (12.8 m) and its width is 8 ft (2.4 m). The
weight transmitted for the three first axles is 18,000 Ibs (80,068 N) and for the last three

axles 12,000 lbs (53,379 N).

4.2.- Phase 1: Field Test
The first phase of the test consisted of monitoring the damaged girder strains
with the truck placed at two different positions. The strains were measured using six

strain gauges, enumerated from 1 to 6, placed according to Figure 4-2.

22 2ft 2%,
L I L ; |
Y | 1 SGI04 | i ‘-.:E
) sGios T s \\ scloz
1§ 7 :' i i 7 1T |-
z[ A [ — —
SG 05 sG'01
43t
| ’
"SGs 03 & 04
8GO G 02
Y N
Jr ]
l. -‘
X " _
SGs 01 & 05 MNote 1ft=03m

Figure 4-2 Strain Gauges Distribution

Once all gauges were placed the strain test began. The truck positions are

described below.
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4.2.1.-Truck Positions
The truck was laid on the bridge first over the damaged girder, position 1 and

then over the next undamaged girder, position 2.

In the first position, Figure 4-3, the truck was centered on the damage over the

damaged girder and stayed in the same position for 650 seconds. The truck was at 3.5 ft

(1.07 m) from the barrier.

oy
g -
& i
o — 0
@© o
3 = L BRG @
h Girder 1 \ ,
[ades  ages — 14— pion Axfi ~-__ I
‘h““ Girder 2 III |
~y | AdesS Aue 3 T~
i — lr=4z il
| | 1 N .
-~ 2 .
e \'_)_/I"-\.____. Illl”l.'
i BN Damaged Area
MNote: 1t =03 m

Figure 4-3 Truck Position 1

After 650 seconds the truck was moved to the next undamaged girder, girder 2.

The truck remained in this position about 200 seconds. The truck was at 10.95 ft (3.34 m)

from the barrier. This position is shown in Figure 4-4.
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Figure 4-4 Truck Position 2

The data collected by the strain gauges are explained below.

4.2.2.- Phase 1: Experimental Data.

The strains measured by the gauges are represented in Figures 4-5 and 4-6.
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o = = H "N NN NN N o o0 S S ST NN NN N 0 W w
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Figure 4-5 Truck Position 1: Strain Measurements
For a better understanding the strain measurements obtain for position 2 are

shown in two different graphs.
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Figure 4-6 Truck Position 2: Strain Measurements
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From both figures it can be observed how the strain measured varied from one

truck position to another. This is because at position 1 the truck was almost over the

damaged girder causing elevated values for the strain. However at position 2 the truck

was moved over the next undamaged girder, therefore the strains on the damaged girder

were reduced.
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On both cases the strains recorded were very small, with values lower than 70 ue

in all cases. The average values of the strains for truck position 1 are given by Table 4-1.

Table 4-1 Truck Position 1. Average Strain

Average Strain (u¢)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06
55.67 31.38 22.65 20.83 66.35 55.91

Similarly, Table 4-2 gives the average values for truck position 2.

Table 4-2 Truck Position 2. Average Strain

Average Strain (u¢)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06
13.46 9.40 3.48 3.12 12.15 11.21

The values of the strains obtained from the field test for this phase are included

in Appendix B.

4.3.- Phase 2: Field Test
Once the girder was repaired, the second phase of the field test was performed.
On this second phase the strain gauges were placed at the same position that for Phase
1, only one new strain gauge, number 7, was added. This gauge was attached to the

bottom of the repaired flange, Figure 4-7
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Figure 4-7 Strain Gauges Positions On Repaired Girder.

For this second phase the truck was placed in four different positions as

explained below.

4.3.1.- Truck Positions
First the truck was placed at 3.5 ft (1.07 m) from the barrier at the girder end,
position 3. At this position the truck was centered over the repaired area and stopped for

about 100 seconds.
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Figure 4-8 Truck Position 3

After position 3 the truck was moved to midspan at 3.5 ft (1.07 m) from barrier,

position 4, and remained at this location for 350 seconds.
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Figure 4-9 Truck Position 4
The next position, position 5, was at 10.95 ft (3.34 m) from barrier at the end of

the girder as shown in Figure 4-10. The truck was on this position for about 220 seconds.
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Figure 4-10 Truck Position 5

Finally the truck moved from position 5 to position 6, at 10.95 ft (3.34 m) from

barrier and 21.33 ft (6.5 m) from the southernmost support, Figure 4-11. The truck

stopped about 150 seconds.
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Figure 4-11 Truck Position 6

The data obtained during this phase of the field test are explained below.
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4.3.2.- Phase 2: Experimental Data
The strains measured by strain gauges 1 to 7 for each truck position are shown
in Figure 4-12 through Figure 4-15. For a better understanding the strain measurements

for each truck position have been shown in two different graphs.
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Figure 4-12 Truck Position 3: Strain Measurements
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Figure 4-16 Truck Position 6: Strain Measurements
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The first thing that can be observed from the graphs is that the strains measured
for the damaged girder in Phase 2 are significantly lower than those measured in Phase
1. The higher average strain measured for position 1 was 66.35 pe with the strain gauge
number 5. For position 3, that it is a similar position than position 1, the higher average
strain measured was 30.69 pg, Table 4-3, with the same gauge. Similarly for position 5
the average strain measured, Table 4-5, was lower than for position 2. This trend in the
data obtained shows that the repair method used increased the capacity of the girder.

The graphs and tables show greater strain values for the positions where the

truck was over the damaged girder, position 3 and 4, Tables 4-3 and 4-4.

Table 4-3 Truck Position 3. Average Strain

Average Strain (ue)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
28.84 19.19 13.21 6.56 30.69 17.73 29.24

Table 4-4 Truck Position 4. Average Strain

Average Strain (pe)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
36.50 23.70 14.38 10.04 39.13 22.41 34.48

From Tables 4-5 and 4-6 it can be observed that the average strain values were

reduced due to the movement of the truck to the next undamaged girder.

Table 4-5 Truck Position 5. Average Strain

Average Strain (pe)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
13.68 10.43 5.32 3.21 12.98 10.45 12.89
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Table 4-6 Truck Position 6. Average Strain

Average Strain (pe)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
18.18 12.57 6.60 4.80 16.16 12.93 16.71

On all cases the strains were very small, all values were less than 40 ueg

Appendix B includes all the strains measured for each truck position for Phase 2.
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Chapter 5
FINITE ELEMENT MODEL
The software used for the development of this thesis is ABAQUS. It has been
used to model the two phases of the field test. Therefore, two different models have been

computed with their respective loading cases according to the truck position.

5.1.- General Considerations
To work with ABAQUS it is important to be consistent with the units. To facilitate
the performance the units used have been inches, in, and pounds, Ibs. For both phases

the coordinate system used is shown in Figure 5-1.
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Figure 5-1 Coordinate System

The strain measured in the field test does not include the deformation of the
girder once in place and subjected to the self-weight of the rest of the bridge
superstructure elements. In order to be able to compare the strains measured in the field

tests and the strains obtained with the models developed using ABAQUS, it has been
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necessary to compute the model only with dead load and prestress force and then with
dead load, prestress force and live load. The strain difference between the two cases is
then compared to the strain measured by the gauges.
ABAQUS has eight modules. Different information is imputed in each of the
modules. The steps followed to model each phase are:
1) Define the geometry, part module.
2) Define material properties, material module.
3) Join the parts, assembly module.
4) Define the load phases, step module.
5) Define loads and boundary conditions, load module.
6) Define the mesh, mesh module.
7) Run the model, job module.
8) Obtain the results, visualization module.
Points 5-2 and 5-3 describe the steps from one through six for each phase. The

last two steps, seven and eight, have been explained on Chapter 6.

5.2.- Phase 1: Damaged Girder Model.
The Phase 1 model has two loading cases corresponding with the truck position
1 and truck position 2 of the field test. Each step followed in the development of the

Phase 1 model has been described below.

5.2.1.- Geometry

For this step the part module has been used. In this module the different parts

that form the section are introduced. Because of the different materials used, three
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different parts have been defined. These parts are the concrete girder section, the

concrete slab and haunch section, and the steel reinforcement.

5.2.1.1.- Concrete Girder Section

The concrete girder section has been defined as a 3D deformable extrusion
solid. The total length of the girder is 1,016 in (25,806 mm) between supports. This part
includes the damaged section. The undamaged section has been defined fromz=0to z

=180 in (4,572 mm) and from z = 348 in (8,839 mm) to z = 1,016 in (25,806 mm)

22"

NS
\4.75"
46"

8.75"

| 9.5 |3 3?2"“ |
| |
L)

Note: 1in =25.4 mm

Figure 5-2 Undamaged Section

The damaged section, Figure 5-3, has been introduced between the z
coordinates 180 in (4,572 mm) to 348 in (8,839 mm), for a total length of 168 in (4,267

mm).
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Figure 5-3 Damaged Section

Figure 5-4 gives a final view of the girder section that has been modeled.

b

Figure 5-4 ABAQUS. Damaged Girder Model
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5.2.1.2.- Concrete Slab Section

This part includes the slab section and the haunch section. Both the haunch and
slab section were defined as a 3D deformable extrusion solid.

Following AASHTO LRFD provisions, a slab width equal to the effective flange
width have been used in the model. The effective flange width defines the composite
section and it has been calculated according to AASHTO 2012. From article 4.6.3.6,

AASHTO 2012, the effective flange width, Figure 5-5, of a concrete deck slab is:

be

]‘ Girder 1 ] [ Girder 2
bcverhanci s

Note 1 ft=0.3m

{j}-

Figure 5-5 Effective Flange Width

For girder 1:
be = =5 + bovernang (1)
For girder 2:
b, =s (2)
Where:

s = girder spancing
bovernang = overhang width
For this thesis the case to compute is the case 1. From Equation 1 the effective

flange width is:
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1
be =5 (11.45) + 3.5 = 9.22 ft = 110.69 in (2,811 mm)

A different width, the transformed width, by, has to be considered when designing
or analyzing the composite section. Since the slab and the girder have different modulus
of elasticity, this width is used to transform the cast-in-place slab into a fictitious slab
having the same concrete properties that the prestressed concrete girder. For the case
studied in this thesis, this transformed width is not necessary, because the software
ABAQUS allows the use of sections with different materials properties. Therefore the

section used for the model is defined in Figure 5-6.

| Y 110.69"

N
A\
2" 8"

46"

2“ 32" X

CZ~1 Slab and Haunch Concrete Section
Note: 1in =254 mm

Figure 5-6 Slab and Haunch Concrete Section

The total area, A, and height, hr, of the section defined are:
Ar = bg " ts + bpaunch * thauncn + Ay (3)
Ar = 1718.55 in? (1,108,739 mm?)
hr = hg + thauncn + ts (4)

hr =56in (1,422 mm)
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Where:

b, = ef fective flange width = 110.69 in (2,811 mm)

ts = slab depth = 8 in (203 mm)

brauncn = haunch width = 36 in (914 mm)

thaunch = haunch depth = 2 in (51 mm)

Ay = girder Area = 761 in? (490,966 mm?)

hy = girder height = 46 in (1,168 mm)

The slab and haunch concrete section was placed above the girder through its

total length to obtain the composite section modeled, Figure 5-7.

Y

L,‘x

Figure 5-7 ABAQUS. Composite Section Model

5.2.1.3.- Steel Reinforcement

This part includes all the steel reinforcement used in the fabrication of the girder.
The bars have been introduced according to the drawings, Figure 3-6, with their
respective dimensions. Table 5-1 shows the type of bars introduced and their

dimensions.
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Table 5-1 Steel Reinforcement

Bars | Type [Nominal Diameter, ¢, in (mm)| Nominal Area, A,, in® (mm°)
A 43 0.375 (9.5) 0.11 (71)
c #4 05 (12.7) 0.20 (129)
R #4 05 (12.7) 0.20 (129)
T #4 05 (12.7) 0.20 (129)

The reinforcement has been defined as a deformable 3D wire with a truss
section. Truss sections are only capable of developing axial stresses, therefore they are
considered adequate to model the reinforcement behavior. The location of each bar into

the model is shown in Figure 5-8.

sy

Figure 5-8 ABAQUS Steel Reinforcement

Once all parts were defined the following step was determining the material

properties for each part.
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5.2.2.- Material Properties
To model the girder it was necessary to define the material properties of each
part that forms the beam. These material properties are defined by the stress-strain

relationship of each material used.

5.2.2.1.- Concrete Girder Section

For concrete the stress-strain relationship is not linear. The model has to be
capable of representing the behavior of concrete in compression and tension. On both
cases the concrete has elastic and inelastic behavior. ABAQUS software provides three
different models for reinforced concrete elements:

- Smeared crack concrete model: for concrete under monotonic loads.

- Brittle crack concrete model: it is used for reinforced concrete. It
assumes linear elastic behavior of concrete in compression and linear
elastic concrete up to yield point in tension. Its use is limited to elastic
behavior of concrete.

- Concrete damaged plasticity: is the technique that best represents the
behavior of the concrete for this study. It considers the inelastic behavior
of concrete both in compression and tension.

For the elastic behavior the data needed are the modulus of elasticity and the
Poisson's ratio. The modulus of elasticity has been computed using article 5.4.2.4 of

AASHTO 2012:

E., = 33,000 - ky - wlS\/f", (5)

w, = concrete selfweight = 0.150 kcf (23.8 K N/m?)
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f'c = concrete strength = 8,500 psi (58.61 MPa)
E., = 55.893 - 105 psi (38,537 MPa)
For prestressed concrete AASHTO 2012 gives as Poisson's ratio the following:
v =202

To use the concrete damaged plasticity (CDP) model it is necessary to input
different data for the compression and tension behavior. The first data that ABAQUS
required when using CDP model is the default parameters. These parameters have been
obtained from Kmiecik & Kamiski, (2011). They recommend using the following default
parameters values:

- Dilatation angle: 36

Eccentricity: 0.1

- foo/feo = 1.16

- k=0

- Viscosity parameter: 0

After introducing this data, it was necessary to define the stress-strain

relationship for both compression and tension. The stress-strain curves are different for
each type of concrete; they depend on their concrete strength. In the absence of
experimental data to characterize the behavior of the concrete used to fabricate the

girder the following model for the stress-strain curve were used.

1) The equation propose by Wight & Macgregor, (2012), for compression

2) The equation given by Wahalathantri, et al. (2011), for tension.

Wight & Macgregor, (2012), give an equation for the compressive behavior of the

concrete valid for concrete strength from 2,000 psi (13.8 MPa) to 18,000 psi (124 MPa).
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They establish a relationship between the stress, f., and the corresponding strain, .. The

compressive stress-strain diagram has been obtained from equation:

fe _ n(sc/ 50)
Pl et (/)

Where:

f'. = peak stress obtained from a cylinder test

&, = strain when f. reaches f';

n = a curve-fitting factor equal to E./(E, — E',)

E. = initial tangent modulus (when &, = 0)

E'c= f'c/&

k = a factor to control the slopes of the ascending and descending branches of
the stress-strain curve, taken equal to 1 for €./, less than 1 and taken greater than 1 for
£./ &, greater than 1.

For normal density concrete:

n=08+ (L) (7)
Where f'; is in psi.
Fore./ey < 1.0
k=1
Fore./ey > 1.0
k=0.67+ fe > 1.0 (psi)
9000

In this case:
f’c = 8,500 psi (58.6 MPa)

E. = 55.893 - 105 psi (38,537 MPa)
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The compressive stress-strain curve obtained by substituting these values into

Equation 6 is given by Table 5-2. Figure 5-9 shows the stress-strain diagram.

Table 5-2 Concrete Girder Section: Compressive Stress-Strain Values

€ g, psi (MPa)
0 0.00 (0)
0.00025 1397.26 (9.63)
0.0005 2792.06 (19.25)
0.00075 4170.64 (28.76)
0.001 5495.11 (37.89)
0.00125 6693.67 (46.15)
0.0015 7662.65 (52.83)
0.00175 8290.22 (57.16)
1.6144 | 0.002 8489.38 (58.53)
1.6144 | 0.00225 7380.02 (50.88)
1.6144 | 0.0025 5730.55 (39.51)
1.6144 | 0.00275 4104.28 (28.3)
1.6144 | 0.003 2817.21 (19.42)
1.6144 | 0.00325 1907.93 (13.15)
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Figure 5-9 Concrete Girder Section. Compressive Stress-Strain Diagram
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Elastic behavior has been considered up to 0.5 - g, with 0., = maxo = f', =
8,500 psi (58.6 MPa).

The inelastic behavior for compression started at o = 4,250 psi (29.3 MPa). The
values of the stresses and their corresponding inelastic strains have been given to model
the inelastic behavior of concrete in compression.

To model the tensile behavior of concrete with ABAQUS it has been used the
model proposed by Wahalathantri, et al., (2011). Their model is an adaptation for

ABAQUS of the tension stiffening model given by Nayal & Rasheed, (2006), Figure 5-10.

Op F=-
086, = .
& o | Primary
o 1 Cracking Stage
w3 1 ~ =
o '
& '
£ 1 . ,
= H Secondary
50456, 4 ittt Cracking Stage
= \ \I
! 1
)
i i
4z, 10 e,

Averaged Tensile Strain, ¢,

Figure 5-10 Tension Stiffening Model For Concrete (Nayal & Rasheed, 2006)

The modified tension stiffening model used by Wahalathantri, et al., (2011), that

has been used for this thesis is shown in Figure 5-11.

Oio

0776, <=

Tensile Stress, o,
o
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1

I

I
—_—————
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0.100, -

o

., 1.25¢, 4sg, 8.7e,
Averaged Tensile Strain, €,

Figure 5-11 Tension Stiffening Model for ABAQUS (Wahalathantri, et al., 2011)
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From Figures 5-10 and 5-11 it can be observed that the points that define the
different cracking stages are not the same. To model the tensile behavior of concrete for
ABAQUS Wahalathantri, et al. (2011), used the values (1.25 ¢, 0.77 0y) and (8.7 ¢,
0.10 oy) instead of (g, 0.8 oy) and (10 &, 0) to avoid ABAQUS run time errors.

Applying the modified tension stiffening model for ABAQUS, the tensile behavior

of the concrete girder is given by Figure 5-12.
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&t Note: 1 psi = 0.007 MPa

Figure 5-12 Concrete Girder Section. Tensile Stress -Average Tensile Strain Diagram

To obtain this diagram it is required to calculate the values of the tensile stress
(oy) and the averaged tensile strain (g). The maximum tensile stress is:
O; = Opg = 0¢r = fr = 0.24 - /f'. = 699.71 psi (4.82 MPa)
The maximum tensile strain is:

& = & = 0o /E, = 0.00013
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Knowing the two values given before it was possible to obtain the diagram and
therefore the values needed to introduce into ABAQUS to model the tensile behavior of

concrete, Table 5-3.

Table 5-3 Concrete Girder Section. Tensile Stress-Strain Values

o, psi (MPa) g

699.71 (4.82)] 1.25E-04 0.00E+00
538.78 (3.71)] 9.64E-05 6.01E-05
314.87 (2.17)] 5.63E-05 4.44E-04

69.97 (0.48)| 1.25E-05 1.08E-03

Finally, to complete the data required to use the concrete damage plasticity
model, the damage parameters have to be specified. The damage parameters are two,
the compressive damage, d., and the tensile parameter, d;. Both values have been
obtained using the equations given by Birtel & Mark, (2006).

The compressive damage is given by:

de= 1= s ®)
Where:
el =&, — o S 9)
b, = 0.7

sfl = inelastic compressive strain
&, = compressive strain

0. = compressive stress

E. = concrete modulus of elasticity

b. = constant factor determined experimentally
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Evaluating the stresses and strains obtained from the compressive behavior into
Equation 8, the values of the compressive damage parameter used in the development of

the models with ABAQUS are represented in Figure 5-13.
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Figure 5-13 Concrete Girder Section. Compressive Inelastic Strain - Compressive

Damage Diagram

The tensile damage parameter, d;, depends on the inelastic strain and an

experimentally determined parameter, b,. The equation to obtain this parameter is:

1
d,=1 —W (10)
With:
el = — 0 EST (11)
b, =0.1

sfl = inelastic tensile strain
& = tensile strain

o; = tensile stress
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E. = concrete modulus of elasticity
b, = constant factor determined experimentally

The data introduced into ABAQUS is represented by Figure 5-14.
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Figure 5-14 Concrete Girder Section. Tensile Inelastic Strain - Tensile Damage Diagram

5.2.2.2.- Concrete Slab Section
The material properties of slab and haunch section were defined following the
same model used for the concrete girder section, concrete damaged plasticity model.
The data introduced is described below.
For elastic behavior:
- f'. = 4000 psi (27.6 MPa)
- E.=3834-10° psi (26,436 MPa) .
- v=02
For concrete damaged plasticity:
Default parameters:

- Dilatation angle: 36
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- Eccentricity: 0.1
- foo/feo =116
- k=0
- Viscosity parameter: 0
Compressive stress-strain relationship: From Equation 6 the stress-strain

relationship is given by Table 5-4 and Figure 5-15.

Table 5-4 Concrete Slab and Haunch Section: Compressive Stress-Strain Values

k & g, psi (MPa)
1 0 0.00 (0.00)
1 0.00025 952.51 (6.57)
1 0.0005 1854.92 (12.79)
1 0.00075 2641.31 (18.21)
1 0.001 3257.66 (22.46)
1 0.00125 3680.06 (25.37)
1 0.0015 3916.87 (27.01)
1 0.00175 3998.69 (27.57)
1.114 0.002 3905.87 (26.93)
1.114 0.00225 3718.49 (25.64)
1.114 0.0025 3486.00 (24.06)
1.114 0.00275 3236.59 (22.32)
1.114 0.003 2988.16 (20.60)
1.114 0.00325 2751.03 (18.97)
1.114 0.0035 2530.39 (17.45)
1.114 0.00375 2328.26 (16.05)
1.114 0.004 2144.81 (14.79)
1.114 0.00425 1979.17 (13.65)
1.114 0.0045 1830.02 (12.62)
1.114 0.00475 1695.82 (11.69)
1.114 0.005 1575.03 (10.86)
1.114 0.00525 1466.19 (10.11)
1.114 0.0055 1367.96 (9.43)
1.114 0.00575 1279.13 (8.82)
1.114 0.006 1198.61 (8.26)
1.114 0.00625 1125.48 (7.76)
1.114 0.0065 1058.88 (7.30)
1.114 0.00675 998.10 (6.88)
1.114 0.007 942.50 (6.50)
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Figure 5-15 Concrete Slab and Haunch Section. Compressive Stress-Strain Diagram

The elastic behavior for compression has been assumed until 0.5 g, = 0.5 -
f'c =0.5 -4,000 = 2,000 psi (13.8 MPa).
Using the model proposed by Wahalathantri, et al., (2011), the tensile stress-

strain relationship given by Table 5-5, is shown in Figure 5-16.

Table 5-5 Concrete Slab and Haunch Section: Tensile Stress-Strain Values

oy, psi (MPa) g g,
480.00 (3.31)| 1.25E-04 0.00E+00
369.60 (2.55)] 9.64E-05 6.01E-05
216.00 (1.49)| 5.63E-05 4.44E-04

48.00 (0.33)] 1.25E-05 1.08E-03
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Figure 5-16 Concrete Slab and Haunch Section. Tensile Stress -Average Tensile Strain

Diagram

Finally, Figures 5-17 and 5-18 show the damage parameters introduced into

ABAQUS obtained from Equation 8 and 10.
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Figure 5-17 Concrete Slab and Haunch Section. Compressive Inelastic Strain -

Compressive Damage Diagram
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Figure 5-18 Concrete Slab and Haunch Section. Tensile Inelastic Strain - Tensile

Damage Diagram

5.2.2.3.- Steel Reinforcement
The steel used for the reinforcement was a grade 60 steel. The behavior
considered for the steel reinforcement is represented in the following stress-strain

diagram:
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Figure 5-19 Steel Reinforcement. Stress-Strain Diagram
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This is an elastic-plastic behavior. For the elastic behavior it has been introduced
the following modulus of elasticity and Poisson's ratio.
E, = 29 - 10 psi (199,948 MPa)
v=03
For the plastic behavior the yield stress considered has been:
f, = 60,000 psi (413.7 MPa)
Once all the material properties were defined the following step consisted of

assembling the parts to generate the complete girder model.

5.2.3.- Assembly

The assembly module is used to assemble the different parts defined in the
model. Before joining the parts, each of them were placed into its final position according
to the drawings. Then the parts were joined using the command interaction. For the steel
reinforcement the interaction defined was embedment, the bars were embedded into the
concrete girder. The union between the girder and the slab and haunch was performed
by the type of interaction tie. These two types of interactions constrain the degrees of
freedoms of the nodes in contact, and guarantee the compatibility in the deformation of

the different elements and, therefore, an adequate stress transmission.

5.2.4.- Step
This module is used to define the type of problem to be solved and the output
variables to be obtained.
A new step, step 1, was defined to introduce the loads. The type of problem

defined for step 1 was static-general.
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The variables selected to be computed were stresses, strains and

displacements.

5.2.5.- Load

The loads and boundary conditions were defined into the load module. The girder
has been considered as simply supported at both ends. All loads were introduced into
step 1.

In order to establish a comparison between the results obtained by the model
and the data obtained by the field test, the loads were not factored. Therefore, only one
load combination has been considered for each phase, dead load plus live load, DL + LL.
The model was not only subjected to dead and live loads but also to the prestress force.

The live load is the load transmitted by the truck used for the field test at each
position, Figure 4-1.

For Phase 1 two different loading cases have been studied corresponding to
truck position 1 and truck position 2. Both loading cases have the same dead loads and
prestress force. However the live load varies according to the truck position. The loading
cases computed have been:

1) Dead load + prestressed force + live load for truck position 1.

2) Dead load + prestressed force + live load for truck position 2.

5.2.5.1.- Dead Loads
The dead loads that have been considered are the dead loads from the barrier,
the slab, the haunch and the girder. These dead loads have been defined by the self-

weight of each part. Their characteristic are:
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- Barrier: the type of barrier used was C221. Itis a 1 ft wide barrier and its
length is the same that the beam, 1,016 in (25,806 mm). According to the
drawings from appendix A, the railing weight, w, is 495 plf (7,340 N/m).

- Slab: The wide of slab considered is the effective flange, b, = 110.69 in
(2,811 mm). lts depth is 8 in (203 mm) and the concrete weight, w, is
150 pcf (23,829 N/m®).

- Haunch: The haunch has the same width that the top flange of the girder,
that is 36 in (914 mm), and its depth is 2 in (51 mm). The weight of the
concrete for the haunch is the same that the concrete used for slab, 150
pcf (23,829 N/m?).

- Girder: According to the drawings the girder weight, wg, used has been

793 plf (11,760 N/m).

5.2.5.2.- Prestress Force

To obtain the effective prestress force, F., for each strand it was necessary to
compute the effective stress, f,., and then multiply this value by the nominal area, A,, of
one strand.

The effective stress has been obtained using AASHTO 2012. The effective stress
is the stress that remains after all losses have occurred. According to article 5.9.5.1. from
AASHTO 2012, the total loss of prestress is obtained as:

Afpr = Afpps + Afprr (12)

Where:

Af,r = Total loss (ksi)

Afpes = Sum of all losses or gains due to elastic shortening or extension at the

time of application of prestress and/or external loads (ksi)
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Af,.r = Losses due to long-term shrinkage and creep of concrete, and relaxation
of the steel (ksi).
The elastic shortening has been obtained from article 5.9.5.2.3 of AASHTO 2012.

For pretensioned members the loss due to elastic shortening is:
Afoss = 3= figp (13)

Where:

E, = modulus of elasticity of prestressing steel (ksi)

E.. = modulus of elasticity of concrete at transfer or time of load application (ksi)

fegp = the concrete stress at the center of gravity of prestressing tendons due to
the prestressing force immediately after transfer and the self-weight of the member at the
section of maximum moment (ksi).

From the commentary section the loss due to elastic shortening in pretensioned
member may be determined as follow:

A _ Apsfpbe(Ig+em?®Ag)—emMg-Ag
prS -

(14)

Aps-(lg+em2-Ag)+%;E”’

Where:

Aps = area of prestressing steel (in2)

A, = gross area of section (in2)

E.; = modulus of elasticity of concrete at transfer (ksi)

E, = modulus of elasticity of prestressing tendons (ksi)

e, = average prestressing steel eccentricity at midspan (in)

fppe = stress in prestressing steel immediately prior to transfer (ksi)
1, = moment of inertia of gross concrete section (in4)

M, = midspan moment due to member self-weight (kip-in)
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From drawings:
Ays = Ay *np = 0.153 * 42 = 6.43 in? (4,148 mm?)
Ay =761 in* (490,966 mm?)
From article 5.4.4.2 of AASHTO 2012:
E, = 28500 ksi (196,500 MPa)
From article 5.4.2.4 of AASHTO 2012:
Es = 33,000 Ky - w.5\/f (15)
Where:
k=1
w, = 0.15 kcf (23.8 kN/m?)
f'ei = 6.3 ksi (43.4 MPa)
Substituting the values:
E,; = 4811.95 ksi (33,177 MPa)
From Table 5.9.3-1, AASHTO 2012, for low relaxation strands:
fore = 0.75 * fp, (16)
fobt = 0.75 % 270 = 202.5 ksi (1,396 MPa)

The moment at midspan due to the self-weight is:

«12
M, = Wg (17)

For w = 793 plf (11,760.2 N/m) and | = 84.667 ft (25.81 m)
M, = 710.6 kip. ft = 8526.93 kip. in (937 kN.m)

Finally the loss due to elastic shortening is:

Afpgs = 14.24 ksi (14.24 MPa)

To obtain the prestress losses due to creep, shrinkage and relaxation, or time

dependent losses, AASHTO 2012 provides two different methods. The first method or
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approximate method uses an equation to compute the time dependent losses, obtained
as an approximation of the refined method for a wide range of standard prestressed
concrete |I-beam. This method is conservative. The second method is more accurate, it is
the refined method. This method provides a better estimate of the time dependent losses.
To compute this method it is necessary to provide the time between transfer and deck
placement and the time between deck placement and final time. Since there is not
enough data for the time between transfer and deck placement for this case, the
approximate method given by AASHTO 2012, article 5.9.5.3 has been used. The long

term prestress loss, Af,;r, has been estimated using the following formula:

fpiAps
AprT:1O'pA—gp'yh'Vst+12'yh'yst+Apr (18)
In which:
Yh =17 — 0.01H (19)
5
Vst = 1+ freg (20)

fpi = prestressing steel immediately prior to transfer (ksi)

fpi = 0.75 x f,,,, = 202.5 ksi (1,396 MPa)
H = the average annual ambient relative humidity (%)

H=70%
yn = correction factor for relative humidity of ambient air
Ya=1
ys¢ = correction factor for specified concrete strength at time of prestress transfer
to the concrete member
Yse = 0.685

Afpr = an estimate of relaxation loss taken 2.4 ksi for low relaxation strand.

Substituting the values:
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Afyir = 11.71 + 8.22 + 2.4 = 22.33 ksi (154 MPa)
Finally the total value of the prestress losses is:
Afpr = DMpes + Dfprr (21)
Af,r = 14.24 + 22.33 = 36.572 ksi (252 MPa)
The effective stress in strand, f,e, is obtained as:
foe = foi = Afpr (22)
foe = 202,500 — 36,572 = 165,928 psi (1,144 MPa)

Effective prestress force for each strand:

Fe = foe* An (23)
F, = 25,387 Ibs (112,927 N)

To reduce the computational cost and because the contribution of prestressing
steel to the stiffness of the girder section is minimum (Saiedi, 2007), the prestressing
strands have not been included in the ABAQUS model as a part.

The modeling of the prestress strands has been realized introducing in ABAQUS
their equivalent forces. These equivalent forces have been obtained using the load-

balancing method, Figure 5-20.
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Figure 5-20 Load-Balancing Method

According to this method the prestress force is equivalent to a combination of two

forces. These two forces are:
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- Compressive axial force, Pe, equal to:

P,=F, (24)
- Vertical force, P,,, applied on the draped points, equal to:

P, = F,-sina (25)

Where a is the angle of the depressed strand.

For the girder studied the compressive axial force has been applied at the ends
of the girder for each strand. The value of this force is equal to the effective prestress
force of the strand.

P, = FE, = 25,387 lbs (112,927 N)

The vertical force is zero for straight strands and equal to P, for the depressed
strands. This force has been applied at each draped point, located respectively at 5 ft
(1.52 m) and 2 in (51 mm) from midspan.

P,, = F,-sina = 2,042 lbs (9,085 N)

With:

F, = 25,387 lbs (112,927 N)

a = 0.08rad

5.2.5.3.- Live Load: Truck Position 1
The characteristics of the truck used to compute the live load are:
- Total weight, wr = 90,000 Ibs (400,340 N)
- Number of axles, N =6
- Truck width, B = 8 ft (2.44 m)
- Load for axle 1 to 3, Py = 18,000 Ibs (80,068 N)
- Load for axle 4 to 6, P, = 12,000 Ibs (53,379 N)

- Total length, It =42 ft (12.8 m)
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- Distance between axle 1 and 2, I, =12 ft (3.66 m)
- Distance between axle 2 and 3, I, =4 ft (1.22 m)
- Distance between axle 3 and 4, I; = 18 ft (5.49 m)
- Distance between axle 4 and 5, I, =4 ft (1.22 m)

- Distance between axle 5 and 6, |5 = 4 ft (1.22 m)

At truck position 1, the truck was centered over the damage at 3.5 ft (1.07 m)
from the barrier, see Figure 4-3. To compute the load it has been considered that the axle
number six was 1 ft (0.3 m) from support ant the axle number 1 at 43 ft (13.11 m) from
the southernmost support.

To obtain the load transmitted for each axle to the damaged girder, it has been
used the lever rule. The final loads to be applied to the girder models are calculated by
applying the distribution factor given by this method to the total axle’s load. According to
NCHRP Report 592, (2007):

"the lever rule is defined as an approximate distribution factor method

that assumes no transverse deck moment continuity at interior beams,

which renders the transverse deck cross section statically determinate.”

This is equivalent to establish a hinge in the interior beam doing the bending
moment zero at this point. Hence it is possible to take moment about this point and
determine a distribution factor.

For truck position 1 the distribution factor obtained applying the lever rule is
determined as follows:

Case 1: Truck positioned over damaged girder at 3.5 ft (1.07 m) from barrier:
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Figure 5-21 Lever Rule. Case 1

Taking moment about point A the distribution factor is:
P P
ZMA =0= 2 G-d)+ 5 (s—d—B)— R-s

P
E-(Zs—Zde—B)=R-s

R d B
DF,=-=1—-=%——
P N 2s

(26)
For truck position 1, at 3.5 ft (1.07 m) from barrier:
d, =1ft(03m)
s =11.45 ft (3.5m)
B =8 ft (2.44 m)
DF, = 0.563
Applying this distribution factor, the live loads transmitted for each axle are:
For axles 1, 2 and 3, P, = 18,000 Ibs (80,068 N)
Py, = DF, - P, = 10,139 lbs (45,101 N)
For axles 4, 5 and 6, P, = 12,000 Ibs (53,379 N)
P,, = DF, - P, = 6,759.37 lbs (30,067 N)

To introduce the live loads into ABAQUS, these loads have been applied on a

surface equivalent to the tire contact area of the wheel over the girder. This contact area
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has been taken as 360 in’ (232,257 mmz). Table 5-6 shows the value of the live load

introduced for each axle and the center location of each load.

Table 5-6 Live Load. Truck Position 1

Live Load, psi (MPa) z, ft (m)
Axle 1 28.16 (0.19) 43 (13.11)
Axle 2 28.16 (0.19) 31 (9.45)
Axle 3 28.16 (0.19) 27 (8.23)
Axle 4 18.78 (0.13) 9 (2.74)
Axe 5 18.78 (0.13) 5 (1.52)
Axle 6 18.78 (0.13) 1 (0.3)

5.2.5.4.- Live Load: Truck Position 2

At truck position 2, the truck was over girder 2, at 10.95 ft (3.34 m) from barrier,
see Figure 4-4

For this position the distribution factor is:

Case 2: Truck positioned over next undamaged girder at 10.95 ft (3.34 m) from

barrier:
B
Pi2 P2
[ A Y

A

—— S pp—|

J[Girdem ‘ J Girder 2

- ! \»..__

1 | O

R

Figure 5-22 Lever Rule. Case 2

Taking moment about point A the distribution factor is:

P
ZMA=O=E-de—R-s
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*de=R"s

N[ o

DF, =7 =1 (27)
The distribution factor that has been applied for truck position 2 is:
d. =3 ft (0.91m)
s =11.45 ft (3.5m)
B = 8 ft (2.44 m)
DF, = 0.131
For this distribution factor, the live loads transmitted for each axle are:

For axles 1, 2 and 3, P, = 18,000 Ibs (80,068 N)

P

1 = DF, + P, = 2,358.3 lbs (10,490 N)

For axles 4, 5 and 6, P, = 12,000 Ibs (53,379 N)
sz = DF2 " P2 = 1,5722 le (6,993 N)
The live loads introduced into ABAQUS on an area of 360 in” (232,257 mm?) can

be shown in Table 5-7.

Table 5-7 Live Load. Truck Position 2

Live Load, psi (MPa) z, ft (m)
Axle 1 6.55 (0.05) 43 (13.11)
Axe 2 6.55 (0.05) 31 (9.45)
Axe 3 6.55 (0.05) 27 (8.23)
Axle 4 4.37 (0.03) 9 (2.74)
Axe 5 4.37 (0.03) 5 (1.52)
Axle 6 4.37 (0.03) 1 (0.3)

5.2.6.- Mesh
This module is used to define the size and type of elements that form the mesh.

Smaller elements lead to more accurate results. However the use of smaller elements
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involves greater computational cost. Therefore it is important to balance the

computational cost with the element size.
In order to obtain a structured mesh the element type used has been the 3D solid

tetrahedral elements, C3D4, for concrete elements and 3D truss elements, T3D2, for the

wires.
C 3D 4
L T—Numberofnodes
3 Dimensional
Continuum
4

1

Figure 5-23 Tetrahedral Elements

T 3D 2
L L LNumberofnodes

3 Dimensional
Truss

(e

Figure 5-24 3D Truss Elements
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The computation was performed first using 15 in (381 mm) elements size. After
checking that the model did not have errors, the size of the elements was gradually
reduced to 3 in (76.2 mm). Size elements smaller than 3 in (76.2 mm) had a great
computational cost that overcame the capacity of the computer used. Therefore, the

element used for the mesh had a maximum size of 3 in (76.2 mm), Figure 5-25.

Figure 5-25 Damaged Girder Mesh

This size element was used for modeling not only phase 1 but also Phase 2.
The definition of the mesh was the last step needed to compute the model. The

results obtained from the model developed with ABAQUS are explained in Chapter 6.

5.3.- Phase 2: Repaired Girder Model
To model the Phase 2 of the field test four different loading cases corresponding
with truck position 3 to 6 have been analyzed. The model was performed following the

same steps than for the Phase 1 model.
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5.3.1.- Geometry

To model the Phase 2, five different parts were introduced:

1)
2)
3)
4)

5)

Concrete girder section

Concrete slab and haunch section
Steel reinforcement

Concrete repaired section

Fiber glass rebar

Three of these parts, part 1 through part 3, were the same parts defined for the

Phase 1 model. The geometry of the two news parts is defined below.

5.3.1.1.- Concrete Repaired Section

This part was defined as a 3D deformable extrusion solid. It has the same length

than the damage. Its dimensions and position into the ABAQUS model are shown in

Figures 5-26 and 5-27.

13.5"

" 8" X

Note: 1 in = 25.4 mm

Figure 5-26 Concrete Repaired Section

84



Y

Lox

Figure 5-27 ABAQUS Concrete Repaired Section
5.3.1.2.- Fiber Glass Rebar
The fiber glass rebar have been defined as a 3D deformable wire with a truss

section. The dimensions of the fiber glass rebar used are defined by Table 5-8.

Table 5-8 Fiber Glass Rebar

Type |Nominal Diameter, ¢, in (mm)] Nominal Area, A,, in’(mm’)
#4 0.5 (12.7 mm) 0.1963 (127)

The rebar were placed according to the repair sketch shown in Figure 5-28.

y n

Bonding Agent] # 4 Fiber Glass Rebar @ 6"

Repair Mortar———
N.T_

4, 75_|_|" 8" \—# 4 Fiber Glass Rebar

£

Note: 1 in = 25.4 mm

Figure 5-28 Fiber Glass Rebar Sketch
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5.3.2.- Material Properties
The material properties for parts 1, 2 and 3 are the same than the ones used for

the same parts in the Phase 1 model.

5.3.2.1.- Concrete Repaired Section
To model the concrete repaired section the material properties were defined
following the same criteria used for the concrete girder section. Therefore, the concrete
damaged plasticity model was used. The data introduced into ABAQUS are described
below.
For elastic behavior:
- f'. = 6,000 psi (41.4 MPa)
- E.=43.25-10° psi (29,822 MPa)
- v=02
For concrete damaged plasticity:
Default parameters:

- Dilatation angle: 36

Eccentricity: 0.1
- fvo/feo =116
- k=0
- Viscosity parameter: 0
Compressive stress-strain relationship: From Equation 6 the stress - strain

values are given by Table 5-9. Figure 5-29 shows the stress-strain diagram.
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Table 5-9 Concrete Repaired Section: Compressive Stress-Strain Values

k €c o, psi (Mpa)
1 0 0.00 (0.00)
1 0.00025 1080.72 (7.45)
1 0.0005 2151.42 (14.83)
1 0.00075 3183.05 (21.95)
1 0.001 4126.90 (28.45)
1 0.00125 4923.20 (33.94)
1 0.0015 5517.01 (38.04)
1 0.00175 5875.74 (40.51)
1 0.002 5999.49 (41.37)
1.34 0.00225 5643.58 (38.91)
1.34 0.0025 5060.29 (34.89)
1.34 0.00275 4390.60 (30.27)
1.34 0.003 3729.00 (25.71)
1.34 0.00325 3129.29 (21.58)
1.34 0.0035 2612.50 (18.01)
1.34 0.00375 2179.94 (15.03)
1.34 0.004 1823.47 (12.57)
1.34 0.00425 1531.77 (10.56)
1.34 0.0045 1293.47 (8.92)

7000

6000

5000

4000

o (psi)

3000

2000

1000

0

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005

o
Note: 1 psi = 0.007 MPa

Figure 5-29 Concrete Repaired Section. Compressive Stress-Strain Diagram
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The inelastic behavior for compression has been assumed to begin at 0.5 - o, =
0.5 -f', =0.5-6,000 = 3,000 psi (20.7 MPa).
The tensile stress-strain values are given by Table 5-10. The diagram is shown in

Figure 5-30.

Table 5-10 Concrete Repaired Section: Tensile Stress-Strain Values

o1, psi (MPa) £, g,
587.88 (4.05)| 1.36E-04 0.00E+00
452.67 (3.12)] 1.05E-04 6.52E-05
264.54 (1.82)] 6.12E-05 4.82E-04
58.79  (0.41)| 1.36E-05 1.17E-03
700
600
500
=400
g
6300
200
100
0
0 00002 00004 00006 00008 0001 00012  0.0014

&

Note: 1 psi = 0.007 MPa

Figure 5-30 Concrete Repaired Section. Tensile Stress -Average Tensile Strain Diagram

From Equations 8 and 10 the damage parameters for the concrete repaired

section are shown in Figures 5-31 and 5-32.
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Figure 5-31 Concrete Repaired Section. Compressive Inelastic Strain - Compressive

Damage Diagram
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Figure 5-32 Concrete Repaired Section. Tensile Inelastic Strain - Tensile Damage

Diagram

5.3.2.2.- Fiber Glass Rebar
The behavior considered for the fiber glass rebar was elastic. The stress-strain

diagram is shown in Figure 5-33.
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Figure 5-33 Fiber Glass Rebar. Stress-Strain Diagram

For the elastic behavior it has been introduced the following modulus of elasticity
and Poisson's ratio:
E; = 77.68 - 10° psi (53,558 MPa)

v =10.26

5.3.3.- Assembly
The same criteria and procedures followed in the development of the Phase 1
model have been used. The two new parts were incorporated into their final position. The

fiber glass rebar were embedded into the girder and the repaired sections.
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5.3.4.- Step
It was defined a new step, step 1, in which the loads were introduced. The
problem type was static general. The variables defined were stresses, strains and

displacements.

5.3.5.- Load

For Phase 2 the dead loads and the prestress force used have been the same
than the loads obtained for Phase 1.

Similarly to the live loads obtained for Phase 1, the live loads for Phase 2 have

been computed using the lever rule.

5.3.5.1.- Live Load: Truck Position 3

At truck position 3, the truck was at end of the damaged girder at 3.5 ft (1.07 m)
from the barrier, see Figure 4-8. The axle number six was 1 ft (0.3 m) from support and
the axle number 1 at 43 ft (13.11 m) from the southernmost support.

Using the case 1 of the lever rule the distribution factor applied for truck position
3, at 3.5 ft from barrier is:

DF, = 0.563
Therefore, the live loads transmitted for each axle are:
For axles 1, 2 and 3, P, = 18,000 Ibs (80,068 N)
Py, = DF; - P, = 10,139 lbs (45,101 N)
For axles 4, 5 and 6, P, = 12,000 Ibs (53,379 N)

P

02 = DFy + P, = 6,759.37 lbs (30,067 N)
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The values of the live loads introduced for each axle applied over a contact area
of 360 in® (232,257 mm?) are shown in Table 5-11. This table also includes the center

location of each live load.

Table 5-11 Live Load. Truck Position 3

Live Load, psi (MPa) z, ft (m)
Axe 1 28.16 (0.19) 43 (13.11)
Axle 2 28.16 (0.19) 31 (9.45)
Axle 3 28.16 (0.19) 27 (8.23)
Axle 4 18.78 (0.13) 9 (2.74)
Axe 5 18.78 (0.13) 5 (1.52)
Axle 6 18.78 (0.13) 1 (0.3)

5.3.5.2.- Live Load: Truck Position 4

For truck position 4, the truck was at 3.5 ft (1.07 m) from the barrier, Figure 4-9.
In this case the axle number six was at 21.33 ft (6.50 m) from support and the axle
number 1 at 63.33 ft (19.30 m) from the southernmost support.

The distribution factor applied was the same that the distribution factor for truck
position 3, DF4, case 1 of the lever rule. Although the live load values obtained are the
same than those for truck position 3, the points of application are different. Table 5-12

gives the values and the center location of each live load.

Table 5-12 Live Load. Truck Position 4

Live Load, psi (MPa) z, ft (m)
Axle 1 28.16 (0.19) | 63.33  (19.30)
Axle 2 28.16 (0.19) | 51.33 (15.65)
Axle 3 28.16 (0.19) | 47.33 (14.43)
Axle 4 18.78 (0.13) | 29.33 (8.94)
Axle 5 18.78 (0.13) | 25.33 (7.72)
Axle 6 18.78 (0.13) | 21.33  (6.50)
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5.3.5.3.- Live Load: Truck Position 5
In this case to obtain the live loads, case 2 of the lever rule has been used. For
truck position 5 the truck was at 10.95 ft (3.34 m) from the barrier, Figure 4-10.
The distribution factor used was:
DF, = 0.131
The live loads transmitted for each axle are:
For axles 1, 2 and 3, P, = 18,000 Ibs (80,068 N)

P

1 = DF, + P, = 2,358.3 lbs (10,490 N)

For axles 4, 5 and 6, P, = 12,000 Ibs (53,379 N)

P

g2 = DF2 " P2 = 1,5722 le (6,993 N)

Table 5-13 shows the live loads introduced into ABAQUS.

Table 5-13 Live Load. Truck Position 5

Live Load, psi (MPa) z, ft (m)
Axe 1 6.55 (0.05) 43 (13.11)
Axle 2 6.55 (0.05) 31 (9.45)
Axle 3 6.55 (0.05) 27 (8.23)
Axle 4 4.37 (0.03) 9 (2.74)
Axle 5 4.37 (0.03) 5 (1.52)
Axle 6 4.37 (0.03) 1 (0.3)

5.3.5.4.- Live Load: Truck Position 6

The last live load computed was the live load for truck position 6, Figure 4-11. At
this position the truck was located at 10.95 ft (3.34 m) from the barrier, case 2 lever rule.
Therefore the distribution factor applied has been the same than the distribution factor
used for truck position 5.

The values of the live loads are given by Table 5-14.
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Table 5-14 Live Load. Truck Position 6

Live Load, psi (MPa) z, ft (m)
Axle 1 6.55 (0.05) | 63.33 (19.30)
Axle 2 6.55 (0.05) | 51.33 (15.65)
Axle 3 6.55 (0.05) | 47.33 (14.43)
Axe 4 4.37 (0.03) | 29.33 (8.94)
Axle 5 4.37 (0.03) | 25.33 (7.72)
Axle 6 4.37 (0.03) | 21.33  (6.50)

5.3.6.- Mesh
The mesh used to model the Phase 2 has the same characteristic than the mesh
used to model the damaged girder. That is:
Size of element: 3 in (76.2 mm)
Type of element:
e Tetrahedral, C3D4, for concrete elements
e 3D truss element, T3D2, for wires.
With these characteristics the mesh created for Phase 2 have been the same for
the different truck positions considered. Figure 5-34 shows the mesh generated using

these elements:

Lex

Figure 5-34 Repaired Girder Mesh

The results obtained for Phase 2 are explained in Chapter 6.
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Chapter 6

RESULTS
This chapter analyzes the results obtained from the finite element models
generated using ABAQUS. It is divided in two parts. The first part studies the strains
given by the model for each phase and compares these values to the strains measured
by the gauges in the field testing. This comparison also serves to validate the finite
element model. The second part of this chapter discusses the stresses obtained from

ABAQUS at a section located at the center of the repaired section.

6.1.- Strains
To compare the strains given by ABAQUS to the average strains measured from
the field testing the strains values of the closer nodes to the location of the strain gauges
have been used. The coordinates of each strain gauge and its corresponding node refer

to the models coordinate systems are given by Table 6-1.

Table 6-1 Strain Gauges Coordinates & Nodes

Coordinate, in (mm)
Gauge Node
X y z

SG 01 18 (4572 0  (0.0) | 516 (13106.4) 22424
SG02 23 (584.2)) 15 (381.0] 516 (13106.4) 4334
SG03 | 215 (546.1) 22 (558.8)| 312 (7924.8) 15006

SGo4 | 215 (546.1) 22 (558.8)| 288 (7315.2) 14998
SGO05 18 (457.2) 0  (0.0) | 264 (6705.6) 17870
SG 06 13 (330.2)) 15  (381.0)| 264 (6705.6) 3008
SG07 6 (1524 0o  (0.0) ]| 264 (6705.6) 303

As explained before, the strain values to be compared to the strains measured by
the gauges have been obtained by the difference of two strains. The first strain was the

strain corresponding to the state 0, where only dead loads and prestress force were
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applied. The second strain was the strain obtained from a state with dead loads,
prestress force and its corresponding live load, state 1. This was due to the fact that the
strain measured in the field test did not include the deformation of the girder once in

place and subjected to the self-weight of the rest of the bridge superstructure elements.

6.1.1.- Phase 1

As mentioned before, Phase 1 includes two loading cases. These two loading
cases correspond to the two truck positions of the field testing for Phase 1.

The strain values from the field test for each strain gauge are shown in Table 6-2.

Table 6-2 Strains Phase 1 Field Testing

G Strain
auge Truck Position 1| Truck Position 2

SG 01 5.567E-05 1.346E-05
SG 02 3.138E-05 9.400E-06
SG 03 2.265E-05 3.480E-06
SG 04 2.083E-05 3.120E-06
SG05 6.635E-05 1.215E-05
SG 06 5.591E-05 1.121E-05

For this phase the strains obtained for the state 0 are shown in Figure 6-1.

Figure 6-1 Strains. State 0
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Figure 6-1 shows the maximum and minimum strain values that have been
obtained for the damaged girder. However the values that have been used are those
corresponding with the nodes given by Table 6-1. Table 6-3 gives the strains of these

nodes for state 0.

Table 6-3 Strains. State 0 Phase 1

Ga Nod Strain
vge ode State 0
SG 01 22424 -1.785E-04
SG 02 4334 -1.637E-04
SG 03 15006 -1.266E-04
SG 04 14998 -1.298E-04
SG 05 17870 -1.653E-04
SG 06 3008 -1.431E-04

6.1.1.1.- Truck Position 1

Figure 6-2 shows the strains obtained from ABAQUS for state 1.

E, E33
% (Avg: 75%)

+1.471e-04
. +8.4768-05

Figure 6-2 Strains. Truck Position 1

The values of the strains given by this model and their difference with respect to

state 0 for each gauge are given by Table 6-4.
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Table 6-4 Strains. Truck Position 1

G Strain

auge Node State 1 Difference
SG 01 22424 -1.059E-04 7.262E-05
SG 02 4334 -1.182E-04 4.558E-05
SG 03 15006 -9.181E-05 3.477E-05
SG 04 14998 -9.741E-05 3.243E-05
SG 05 17870 -8.568E-05 7.961E-05
SG 06 3008 -9.625E-05 4.681E-05

State 1: Truck Position 1

In this case the maximum value of strain is 79.61 g, for the node closer to the
position of the strain gauge number 5. The lower value is obtained for the node close to

gauge 3, 34.77 .

The comparison between the strains from the model and the field test is shown in

Figure 6.3.
90
80
70 -
g 60 -
24 |
£
T 40 - HABAQUS
& 30 -
Field Test
20 1
10 1
0 d
SG 01 SG 02 SG03 SG 04 SGO5 SG 06

Gauge

Figure 6-3 Comparison Model-Field Testing Truck Position 1
Looking at Figure 6-3 it can be observed that most of the values obtained from

ABAQUS are slightly higher than those given by Table 6-2. Although for the strain gauge

number six the strain given by ABAQUS is lower than the strain measured in the field
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test, the difference between the values is less than 9.5 pe. Therefore for this loading case

the model is conservative.

6.1.1.2.- Truck Position 2
At this position the live loads applied were lower than those from position 1, then

the strains values were lower, Figure 6-4.

Y E, E33
(Avg: 75%)
+4.353e-05
X -1.020e-0

6.394e-05
1.177e-04
1.714e-04
2.251e-04
2.789e-04
3.326e-04
3.863e-04
4.401e-04
4.938e-04
5.476e-04
6.013e-04

Figure 6-4 Strains. Truck Position 2

From Table 6-5 it can be observed that the strains are lower than those from

truck position 1 as a result of a lower load.

Table 6-5 Strains. Truck Position 2

G Nod Strain

auge ode State 1 Difference
SG 01 22424 -1.616E-04 1.691E-05
SG 02 4334 -1.531E-04 1.060E-05
SG 03 15006 -1.185E-04 8.102E-06
SG 04 14998 -1.223E-04 7.554E-06
SG 05 17870 -1.468E-04 1.852E-05
SG 06 3008 -1.322E-04 1.089E-05

State 1: Truck Position 2
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Figure 6-5 shows the strains obtained from ABAQUS and the strains from the

field testing.

15 M ABAQUS
10 - Field Test
i N - E

0

SG01 SG02 SG03 SG 04 SG 05 SG 06
Gauge

Figure 6-5 Comparison Model-Field Testing Truck Position 2

Looking at Figure 6-5 and comparing the values from Table 6-5 to those from
Table 6-2 for this position it can be observed that in this case the model is more accurate.
The differences between the model and the field testing are minimum; the greatest
difference is about 6.3 e.

The fact that for the second loading case the 3D model was closer to the
measurements suggests that the model for Phase 1 is valid. The greater differences
obtained from the first loading case can be due to inaccuracies in the truck position
considered. Since the position of the truck was not controlled using topographical
equipment it is possible that the position of the truck was not the one indicated by the

field testing.

6.1.2.- Phase 2
For Phase 2 the number of loading cases were four, corresponding to truck

position 3 to truck position 6.
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The data obtained from the field testing for this phase is given by Table 6-6.

Table 6-6 Strains Phase 2 Field Testing

Strain
Gauge Truck Position 3| Truck Position 4| Truck Position 5| Truck Position 6|
SG 01 2.884E-05 3.650E-05 1.368E-05 1.818E-05
SG02 1.919E-05 2.370E-05 1.043E-05 1.257E-05
SG 03 1.321E-05 1.438E-05 5.320E-06 6.600E-06
SG 04 6.560E-06 1.004E-05 3.210E-06 4.800E-06
SG05 3.069E-05 3.913E-05 1.298E-05 1.616E-05
SG 06 1.773E-05 2.241E-05 1.045E-05 1.293E-05
SG 07 2.924E-05 3.448E-05 1.289E-05 1.671E-05

Table 6-7 gives the strain values obtained for the state 0 for Phase 2.

Table 6-7 Strains. State 0 Phase 2

Ga Nod Strain
. ode State 0
SG 01 22424 -1.786E-04
SG 02 4334 -1.646E-04
SG 03 15006 -1.677E-04
SG 04 14998 -1.715E-04
SG 05 17870 -2.437E-04
SG 06 3008 -1.998E-04
SG 07 303 -2.503E-04

6.1.2.1.- Truck Position 3

Figure 6-6 shows the strains given by ABAQUS for this loading case.
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Figure 6-6 Strains. Truck Position 3

The differences between the strains given by this model and the strains from

state 0 at the position of the gauges are given by Table 6-8.

Table 6-8 Strains. Truck Position 3

G Nod Strain

auge ode State 1 Difference
SG 01 22424 -1.466E-04 3.200E-05
SG 02 4334 -1.451E-04 1.959E-05
SG 03 15006 -1.541E-04 1.364E-05
SG 04 14998 -1.592E-04 1.230E-05
SG 05 17870 -2.109E-04 3.278E-05
SG 06 3008 -1.812E-04 1.856E-05
SG 07 303 -2.163E-04 3.401E-05

State 1: Truck Position 3

For this case the strains values have decreased with respect to the values
obtained for the position 1 of the Phase 1. For this loading case the strain obtained for
the node closer to gauge number 5 is about 32 pe while for the same node the value was

about 79 pe for position 1. The lower value given for position 3 is 12.3 pe.
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The comparison between the strains from the field testing and the ABAQUS

model is shown in Figure 6-7.

30

w25

:5;20

E1s WABAQUS
10 Field Test
18N
o0

SGOo1 SG 02 SG03 SG04 SG05 SG 06 SG07
Gauge

Figure 6-7 Comparison Model-Field Testing Truck Position 3

From Figure 6-7 it can be observed that the values are almost the same. The
greatest difference is obtained for the strain gauge number 4. In this case the value from
the field test was 6.56 pe while the value obtained from the ABAQUS model was 12.30
pe. Looking at the position of the strains gauges, Figure 4-7, it can be observed that the
strain gauges 3 and 4 are located at the same height in the girder cross section and
separated 2 ft (0.61 m) longitudinally. Therefore it is expected that the values from both
strain were similar. However for the strain gauge number 3 the value measured was
12.21 pg, which differs from 6.56 pe. On the other hand the strain given by ABAQUS for
the node closer to the strain gauge 3 was 13.64 pe, which is a very similar value to 12.30
pe. Based on the results obtained, it can be concluded for this position the strain gauge
number 4 was not placed appropriately or did not work properly. It can be said that the

model is adequate for this case.
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6.1.2.2.- Truck Position 4
At this position the loads were applied at midspan and the strains values

obtained were greater than those for the truck position 3, Figure 6-8.

E, E33
(Avg: 75%)
+3.497e-05

CURRCRREN |

Figure 6-8 Strains. Truck Position 4

The data obtained for each node and their difference with the state 0 are given

by Table 6-9.

Table 6-9 Strains. Truck Position 4

G Strain

auge Node State 1 Difference
SG 01 22424 -1.242E-04 5.444E-05
SG 02 4334 -1.296E-04 3.502E-05
SG 03 15006 -1.507E-04 1.708E-05
SG 04 14998 -1.555E-04 1.592E-05
SG 05 17870 -2.004E-04 4.325E-05
SG 06 3008 -1.760E-04 2.375E-05
SG 07 303 -2.053E-04 4.500E-05

State 1: Truck Position 4
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From this table it can be observed that the maximum value is obtained for the

node 22424 and it is 54.4 pye. The minimum value, 17 yg, is given by the node closer to

the strain gauge number 3.

The comparison between these values and the values obtained from the field

testing is shown by Figure 6-9

40 |
0
W ABAQUS
0 Field Test
10 7 I l

SG01 SG02 SG03 SG 04 SG 05 SG 06 SG07
Gauge

Strain (pg)
N w

Figure 6-9 Comparison Model-Field Testing Truck Position 4
For this case the values obtained from ABAQUS are greater than those obtained

from the field test. The greater difference is obtained for the gauge number 1 and it is

about 17 pe. Then the 3D model is conservative for this truck position.

6.1.2.3.- Truck Position 5
The strains obtained from ABAQUS are shown in Figure 6-10.
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Figure 6-10 Strains. Truck Position 5

Since the loads applied for this position are lower than those for position 3 and 4,

the strains values are lower. The values obtained for each node and their difference with

the state 0 are given by Table 6-10.

Table 6-10 Strains. Truck Position 5

G Strain

auge Node State 1 Difference
SG 01 22424 -1.617E-04 1.690E-05
SG 02 4334 -1.541E-04 1.058E-05
SG 03 15006 -1.616E-04 6.144E-06
SG 04 14998 -1.658E-04 5.685E-06
SG 05 17870 -2.284E-04 1.526E-05
SG 06 3008 -1.912E-04 8.591E-06
SG 07 303 -2.344E-04 1.587E-05

State 1: Truck Position 5

In general the values are low; the maximum strain value was about 17 pe. When

comparing this data to the data obtained from the field, Figure 6-11, it can be observed

that the difference is minimum. Therefore the 3D model for this truck position is accurate.
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Figure 6-11 Comparison Model-Field Testing Truck Position 5

6.1.2.4.- Truck Position 6
For this case the strains values, Figure 6-12, were a little higher than those
obtained for the position 5 but lower than the values given by the truck position 3 and 4

models.

Y (Avg: 75%)

+3.583e-05

1.754e2-05

X 7.062e-05
-1.237e-04

-0d

Figure 6-12 Strains. Truck Position 6

Table 6-11 gives the differences between the strain values from state 0 and the

state 1 for each node studied.
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Table 6-11 Strains. Truck Position 6

G Strain

auge Node State 1 Difference
SG 01 22424 -1.565E-04 2.212E-05
SG 02 4334 -1.505E-04 1.416E-05
SG 03 15006 -1.608E-04 6.950E-06
SG 04 14998 -1.649E-04 6.527E-06
SG 05 17870 -2.260E-04 1.770E-05
SG 06 3008 -1.900E-04 9.799E-06
SG 07 303 -2.319E-04 1.842E-05

State 1: Truck Position 6

The maximum strain value is obtained for the node closer to the strain gauge
number 5 and it is 17.7 pe.

Looking at the graph given below, Figure 6-13, it can be observed that the strains
values obtained from the finite element model and the field testing are almost the same.

Therefore the 3D model is accurate.

Strain (pg)
=
(%]

| mABAQUS
10 - Field Test
5 7 . .
0

SG01 SG02 SG03 SG 04 SG 05 SG 06 SG07
Gauge

Figure 6-13 Comparison Model-Field Testing Truck Position 6
Finally it can be observed that for all cases the finite element model is accurate
or conservative, therefore the model has been validated and it can be used to study

similar problems.
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6.2.- Stresses
Once the finite element model has been validated, the stresses were analyzed.
In a general case, for a prestressed girder under dead and live load the stresses
at the bottom fiber can be obtained as the summation of the compressive stress caused
by the prestress force and the tensile stress due to the gravity loads. Figure 6-14 shows

the effects of a prestress force and a distributed load on a rectangular beam.

YYVY VP VY YV YVVYY YV Y
¥cgc (also cgs) = e
- +|£4—+MC
A |

Figure 6-14 Concrete Fiber Stress Distribution in a Rectangular Beam with Concentric

Straight Tendon (Nawy, 2010)

The prestress force produces a compression on the girder, the stress, o, is

given by:

Where:

g, = Compressive stress

P = Prestress force

A = Area of the section

The dead and live loads, gravity loads, generate tensions on the girder bottom

fiber. The tensile stress, o, obtained is:
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Where:

M = Flexural moment produced by the gravity load, w

y = ¢ = Distance from the neutral axis to the fiber investigated.
| = Moment of inertia of the section.

The total stress, o, is given by the following equation:

M-y P
o=0;+0,= 7 "1

The main objective of the repair procedure presented is recovering the section
capacity lost by increasing its moment of inertia. By doing so, based on the previous
equation, the tensile stresses caused by the gravity loads are reduced. Consequently

higher compressive stresses at the bottom fiber are expected to be obtained for the

repaired girder model compared to the ones obtained for the damaged girder model.

6.2.1. Stresses: Concrete Sections

The stresses analyzed were the stresses at the section bottom fiber given by the
3D model at a section located 22 ft (6.71 m) from the southernmost support. This section
corresponds to the center of the damage.

For Phase 1, the values obtained are the values from the nodes closer to the
following coordinates, (10, 0, 264), (18, 0, 264), and (34, 0, 264). These coordinates

correspond to points 1, 2 and 3 of Figure 6-15.
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Figure 6-15 Phase 1: Stress Points Analyzed

For Phase 2 the points analyzed were the same ones that those for Phase 1.
Additionally, two new points, 4, (8, 0, 264), and 5, (2, 0, 264) located at the repaired

section have been checked, Figure 6-16.

36"

46"

XY
13.5

Note: 1in=25.4 mm

Figure 6-16 Phase 2: Stress Points Analyzed
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The nodes corresponding to these points are shown in Table 6-12.

Table 6-12 Stresses. Nodes

Point Coordinate, in (mm) Node
X y z
1 10 (254) | 0 (0) [264 (6,705) 3997
2 18 457)] 0 (0) |264 (6,705)| 17870
3 34 (863)| O (0) | 264 (6,705)] 4758
4 8 (203)| O (0) |264 (6,705)| 303
5 2 (50.8)| O (0) |264 (6,705) 38

At these nodes the stresses obtained for Phase 1 are given by Table 6-13

Table 6-13 Stresses. Phase 1

Stress, psi (MPa)
Truck Position 1| Truck Position 2
3997 -431.28 (-2.97)| -781.97 (-5.39)
17870 -478.28 (-3.3) | -820.33 (-5.66)
4758 -590.95 (-4.07)| -916.73 (-6.32)

Node

The maximum compression is obtained for point 3. For both truck positions the
minimum compression value is obtained for the point closer to the damage, point 1.
As expected, for Phase 2 the compressive stress values are greater than those

obtained for Phase 1, Table 6-14.

Table 6-14 Stresses. Phase 2

Stress, psi (MPa)
Truck Position 3 Truck Position 4 Truck Position 5 Truck Position 6
3997 -1195.91  (-8.25) |-1136.40 (-7.84) |-1294.69 (-8.93) |-1280.86 (-8.83

Node

) )
17870 | -1179.54 (-8.13) |-1120.79 (-7.73) |[-1277.61 (-8.81) [-1263.91 (-8.71)
4758 | -1165.13 (-8.03) |-1110.90 (-7.66) | -1261.61 (-8.7) |-1248.43 (-8.61)
303 -935.12  (-6.45) | -887.60  (-6.12) [-1013.52 (-6.99) |-1002.49 (-6.91)
38 -933.04 (-6.43) | -886.96 (-6.12) [-1073.52 (-7.4) | -999.23 (-6.89)
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For this phase when the truck was at positions 5 and 6 the compressive values
were greater than for positions 3 and 4. This was because for position 3 and 4 the loads
applied on the girder were greater, therefore the flexural moment was greater too
resulting in higher tensile stress oy.

From Tables 6-13 and 6-14, it can be observed that for points 1, 2 and 3, the
compressive values are greater for truck positions 3 and 5 than for truck positions 1 and
2, similar positions for both phases. This means that as was expected the compressive
stresses increased once the girder was repaired. As explain before, the increase in the
moment of inertia resulted in lower tensile stresses due to the bending action.

It can be said that once the girder was repaired the compressive stress at the
bottom fiber increased.

For both phases the stress values obtained indicated that the girder was under
elastic behavior. From Tables 6-13 and 6-14 the maximum compressive stress for the
concrete girder section was 1,294.69 psi, (8.93 MPa), that is a value lower than the
elastic limit for this section, 4,250 psi, (29.3 MPa). Similarly for the repaired section the
maximum compressive stress, 1,073.52 psi, (7.4 MPa), was lower than the yield stress,

3,000 psi, (20.68 MPa).

6.2.2.- Stresses: Fiber Glass Rebar.

The longitudinal fiber glass rebar were placed with the objective of increasing the
strength of the repaired section to compensate the use of a material, grout, with a lower
strength than the original one, concrete. The maximum stresses developed by the

longitudinal fiber glass rebar for each truck position are given by Table 6-15.
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Table 6-15 Maximum Stresses. Fiber Glass Rebar

Fiber Glass Rebar

Stress, psi (Mpa)

Truck Position 3

Truck Position 4

Truck Position 5

Truck Position 6

1

-2054.4 (-14.16)

-2034.72 (-14.03)

-2142.44 (-14.77)

-2137.89 (-14.74)

2

-1975.7 (-13.62)

-1957.96 (-13.50)

-2056.26 (-14.18)

-2052.19 (-14.15)

The fiber glass rebar number 1 correspond to the rebar placed at 7.5 in (190 mm)
from the bottom flange and the rebar placed at 10 in (254 mm) from bottom is the fiber
glass rebar number 2.

From Table 6-15 it can be observed that the minimum compressive stress value
is obtained for the positions 3 and 4. This is the expected result since for these truck
positions the loads applied on the girder were greater than those applied for the other two
positions. The tensile stresses transmitted by the live loads were greater making the
compressive stress values lower.

For the fiber glass rebar all the stresses values were under the elastic limit

considered for the rebar. Therefore the rebar had an elastic behavior.
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Chapter 7
SUMMARY AND CONCLUSIONS
This chapter is divided into two parts. The first part includes a brief summary of
what has been studied in this thesis. The second part contains the conclusions that have

been derived after performing the study.

7.1.- Summary

This thesis has analyzed the strains and stresses generated in a girder damaged
by a truck and repaired with fiber glass rebar.

The damaged girder was located in the bridge number 54 of the LBJ project.
The girder hit by a truck was the girder number 1 of the span 2 in the southbound
structure. The damage was 14 ft (4.27 m) long at the bottom flange of the beam. It had
several strands exposed but none of them was severed. The solution adopted by the
company was based on the use of three materials: bonding agent, fiber glass rebar, and
repair mortar.

To study the behavior of the girder the developer conducted two field tests. On
both field test several strains gauges were placed at different positions. The first test was
performed before repairing the girder and the second test was conducted once the girder
was repaired. For both phases the data given by the strains gauges were recorded.

For this thesis two different finite element models were generated to analyze de
behavior of both the damaged and the repaired girder. This allowed the comparison
between the results from the model and the data from the field tests. The software
ABAQUS was used in the development of the finite element models.

To model the two phases the following considerations were taken into account:
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1) The concrete damaged plasticity model was used to model the concrete
behavior of the elements. This model performed the inelastic behavior of
the concrete both in compression and tension.

2) The prestress force was modeled using the balancing method. This
method allows modeling the effect of depressing a strand by the
introduction of a vertical reaction at the hold down points.

3) The live loads applied on the studied girder were calculated using the
lever rule. The lever rule provided a distribution factor to apply on the live
loads transmitted by the truck resulting in the live load applied on the
girder studied.

Once the model was performed the comparison between the strains given by the
ABAQUS model and the average strains given by the strain gauges was done. This

comparison allowed the validation of the model.

7.2.- Conclusions
Once the results have been analyzed the following conclusions can be drawn:

1) The strain comparison between the model and the field test showed that
the values given by ABAQUS were similar to those given by the strain
gauges. The small differences found between some measurements may
be due to the fact that the truck was not placed on the position indicated
by the field test or that some strain gauge did not work properly. Then
the 3D model is adequate. It can be concluded that the software

ABAQUS can be used to model this kind of problem.
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2)

3)

4)

5)

6)

7)

The concrete damaged plasticity model, the balancing method and the
lever rule, were good approximations of the structural behavior of the
girder. Therefore these considerations can be used for future modeling.
Both the field test and the 3D model gave lower strain values for the
repaired girder than those obtained for the damaged girder. This is one
indication that the repair method used worked.

The stresses given by ABAQUS were the expected. Greater
compression stresses for the repair girder than for the damage girder
were expected. It can be said that once the girder was repaired the
strength of the girder increased due to the repair technique used.

From the stress values obtained from the model it can be observed that
all the values were lower than the elastic limit considered for each
material. Then it can be concluded that the model could have been made
only by defining elastic behavior to reduce the computational cost.

It can be said that the use of the provisions given by AASHTO to obtain
the composite section of bridge girder is conservative and it can be used
in the development of finite element models.

The behavior of the interface between the concrete of the girder and the
repair mortar in the repaired section has been modeled using a tie
interaction from ABAQUS. This type of interaction constrains the degrees
of freedoms of the nodes in contact and guarantees the compatibility in
the deformation of the different elements and, therefore an adequate
stress transmission. Since the results from the model are similar to the
measurements from the field test it can be concluded that the solution

consisting of applying a bonding agent and using transverse fiber glass
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8)

9)

rebar is adequate to guarantee the adherence between the two
materials.

The longitudinal fiber glass rebar were under an elastic behavior, having
greater compressive values when the load were low, truck position 5 and
6, and decreasing these values for the other two positions. These rebar
contributed to increase the strength of the girder.

The objectives of this study have been achieved. A better understanding
of the structural behavior of the repaired girder has been provided. Also,
an adequate modeling technique for beams repaired with GFRP rebar
has been proposed that will help to establish adequate repair procedures
and to anticipate the structural behavior of damaged girders prior to the

repair process.
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Appendix A

Drawings
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- 36" DS /.\ Emswc/ m l;'gems Department of Transportation
i 2012
x 32.00 GROUND RET, WALL RET. WALL l\_q
800 (‘:J} it Fare REEWPRE 600
& Shurne LBJ CROSS STREET
580 B MLCLE3S ||l Tz 36:6‘20.‘9 ATA 580 BR|DGE NO. 54 pRESTON ROAD
- agans, /1 5 SOUTHBOUND BRIDGE LAYOUT
x 17.30° ® :&W ;53}0{‘1\ W SCALE: AS NOTED SHEET 1 6F 2
B ~dx DESKN FEDRD.
FEDERAL AD PROJCT NO,|  HIGHWAY MO
L] VPI = 8:0000 VP1 = 1041000 VPl = 1zesgoo| 560 | JRL | BWRO.
ELEV = 649.20' ELEV - 646.2% CRAPHICS 6 HH-XXXK XXX IH 635
ELEVATION i T DNA —smae | oemor Eg SHEET WO
= - CHECK.
) o ]
2 s40 SCALE; 1" = 4D 540 | MAH Ii):lﬁf Ds:l;:f DALLAS 53-B540005
&
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STIMES

SDATES

SUSERS

€cl

SFLES

VARES (95'6" TO 149'-6%") vz

10" 1t T P e
J’ SDEWALK i " & PEL
0" T0 484 17871 |

ORNAMENTAL GATEWAY|
RENGE (rves R
1- 2" conour
3 98 GERGUTE TRAFFIC RAL 1 OPEN
A GO /rwg G221 (oo 40057 THRU 538540 JONT
Mnnmmnnnnns ...\ I_ g

ratn g
_:LJ' 200" U-TURNLANE

VARES
@ 10 27-4 1787

20 s 202
t 7
PRESTRESSED———=f)| 1
CONC |GROERS p i
TYPE Txdb

1 1= 1‘ RM CONDUIT <
FOR U/P LIGHTING

5 VARIES 136'-44" TO 81'-Th")

e 5
23 T 7 RM CONDUIT
f} FOR U/P LIGHTING A

T DIMENSIONS GIVEN PERPENDICULAR 10 G |RPRE.
1 THE MINIMUM AND MAX MM VALUES SHOWN HERE
MAY NOT BE IN THE SAME POSIT

95'-6" 102"
g ja—— € RPRE
¢ S5 [ -0 . [ 1-0 J 1'=0° L POL
1-0 4 20'-0" U-TURN LANE SIDEWALK |
2000 07T
06/18/12
ORNAVIENTAL sl
A ¥ - * VARIES WITHIN Homzcm AL CURVE, TABLE
1 - 2 ConourT gi(ﬁuﬁs I RrrE — ON 5LAB DETALLS FOR MAX. AND MIN
o . c (s VRS VALLES.
2" CONDUT 53-B540057 THRU 53-B540060) N\\\ i JONT
St 2.02 200 14 f
/,\ " A NOTES:
- - ] BRIDGE DESIGNED FOR HLG3 LOADING N ACCCRDANGE WITH
AASHTO LRFD BRIDGE SPECF ICATIONS, STH EDITION AND
PRESTRESSED S ) INTERIM THERETO.
CONC |-GIRDER] ! T = -
e o i " RM CONDUIT SEE BL STD FOR BRIDGE MOUNTED FIXTURES.
ohe e A AL®) He L e
1" RM OVDJI J SEE RID(FI-07 STD FOR UNDERPASS LIGHTING DETALS FCR
J/F L CHTNG " MOUNTING OPTIONS.
B9'-11%" =) 2'-0k"
FOR AMENTAL BARRIER FENCE DETALS AND OTHER

MO

DOVERS|9NS GI VEN PERPEND ICULAR TO @ 1Re

THE MINIMUM AND MAX |MUM VALUES SHOWN
an

AESTHETIC DETALS, REFER TO AESTHETIC PLANS

SCALE! N.TS. MAY NOT BE IN THE SAME FOSIT 0 REveED DU AO0ED, FENOVED & ™
[] FC_SUBMITTAL SEGMENT 3 BS54
N REVISION
—
VARIES 195'-6" 10 105'-a%") e
oeXxXprass
rv‘ Q" 10 1-0 T RPRE
I U-TURN LANE ] SDEWALK. ! 5-1'-0" LANES & PGL
(2D'-0" TO 22°-4 /8" 30" TO 16'-8 174
ORNAMENT AL GATEWAY]|
_—BARRER CoLUMN AN JANSSEN & SPAMS ENGINEERING
ENCE (TYP) . p— 1D, 55, PPE CONSULTING ENGINEER:
Ty TRAFFIC RAL CONDUITS (SEE SHEETS OPEN RN REGETRATION MUWBER; T-13%
1- 2" conpuI TYPE C221 (MOD) S3-B540057 THRU S3-B540080) h [ JoNT
_aar 201 =A% oxas Department of Transportation
A i — I oz
!
X RA P - S |
CONC |-GIRDERS

LBJ CROSS STREET
BRIDGE NO. 54 PRESTON ROAD
SOUTHBOUND BRIDGE LAYOUT

B (12
TYPE Txz8 A v CONUIT Y AN\
L @ !'D? MD LIGHTING
¢
-t

89118
SCALE: _N.T.S. SHEET 2 OF 2
NOTE: DESIGN FEDRD.
PA TYPI A TI DIMENSIONS GIVEN PERPEND ICULAR TO ¢ IRPI JRL LI FEDERAL AD PROKECT MO, HIGHUAY NO.
THE MINIMUM AND MAX | MUM VAL\JLS SHOWN +
VAY NOT BE IN THE SAME PCSIT el xx xxxx xxx H 635
DNA —srice BHEET WD,
CHECK
MAH | TEXAS 53-8540008
[Creck | CONTRQ |
JFG | 2374
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/172012 1:38:55 AM

feks

ul !

' BEGIN BRDGE
STA, 6-51.53

g_rkﬁssz '\Df

SEJ-A (4",

i FACE OF
| ABUTMENT 1
. BACKWALL'

il
BORNG 289-4
; 154'-0" RT

¢ MCLE3S
F\ STA 31642118

/W

S
J U]
1" NOM FACE OF MR
/| cz21 RAL mon:‘\ l ” <
>/ S
. 7

€ RPRE & BENT 2

g
STA. 9+90.03

z

1 OPEN O

B RBEWPRE
e T F / P amss.'z_w [ 1] \;

& BYPWPRE

8 BLEISE
8Asc i [E] f
STA. 315+17.38
| B & |iB RPRE T 1
. g i
pst Ll S NJD0"58° 53.86" f
T

v ==l ]

o

$<ly, RET. WALL J f;

T JF & e2sreso0 | 6 T g 0@
SEE AESTHETIC GATEWAY — / =
&

COLUMN AT PRESTON i
{f;ROAD FOR DETALS
M

= .

BACKWALL
SEJ-A (47

runuu

TPAZ!h

LT
SEE STD BL FOR DETALLS
STA. 981,133
PR

B(R!NG zas 3

Q .
sn !1&-0!.09f

°
RET. WALL
E30

RET. WALL i

Vil A

FACE OF ABUTMENT 4

’(/ B FRE35W

8

vl
344y,
12/05)12
NORTHBOUND ADT (20201= 39,200

FUNCTIONAL CLASSIFICATION: URBAN COLLECTOR
NEW NBI NUMBER: 1B-05T-0-2375-01-XXX

NOTES:

BRIDGE DESIGNED FOR HLS3 LOADING N ACCORDANCE WITH
AASHTO LRFD BRIDGE SPECFICATIONS, STH EDITION AND
NTERM THERETO.

OR_ORNAMENTAL BARRER FENCE DETALS AND OTHER
e DETALS, REFER TO AESTHETIC Py

FOR LOCATION AND SIZE OF H-635 SIGNS SEE LARGE SIGN
LANS,

SEE LLUMNATION PLANS FOR CONDUIT AND LIGHT POLE
ETALS.

SEE PERMANENT SENAL FLANS FOR TRAFFIC LOOPS AND
SIGNAL DEWISE LOCATIONS.

E
g
g
8
g
g
E
&
z
9 P
3 SCALE: 1 = 40’ SEE DRANAGE PLANS FOR DRANAGE DETALS.
&
= END OF RAL LENGTH OF NORTHBOUND G221 RAL = 243™10K"(LT), 353"-2'IRT) = 597'-0%"(TOTAL) END OF RAL T [wrosrz DS, LOCATON REVEED ¥o
z FOR PAYMENT OVERALL LENGTH OF BRIDGE = 297-4K" FOR PAYMENT 3 | ureere D.S. LOCATION REVISED ¥0
P : ez TRAFFIC_DATA ADDED G
£ 680 | P WEASIREDALOVG SRl — W
L (TxdBICRDERS) (Tx46 TGROERS) (TxZBICRDERS) o | w30 G SUBMITTAL SEGMENT 3 854 5
4 L FACE OF ABUT. 1 FACE OF ABUT. 4 N OATE REVSIN APPROV.
% BACKWALL H—-635 SIGNS TRAFFIC RAIL {H-B33 SIONS BACKWALL END BRIDGE
§| 660 | R ‘— TYPE C221 boL /_ RET. WALL T4, 11142588
5 : - W398/W41B ELEV, 647359
< ELEV. usms\,i 4
7 T
£ 640 C — 640
o] 974 | T 48°% - o o == ]
J m‘ SR Bue3sE oL : 38"+ coL —:l:-[ ¥
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; T _ IRl ke LE 1 PBB R
5 620 I = - i 620 0 TR oo 1150
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2| 9 - 36"+ DS. _/l: EXISTING 1 ‘1\"* 7 gexcs Department of Transportation
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)
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H * W 310 W SCALE: AS NOTED SHEET 1 OF 2
3 220N B0 T e | paoaan, w0 oSt 0] e s
2|_560 VPl = 840000 WP = 000 VPl = 12+30.00] 560 | JRL
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STMES

SDATES

SUSERS

GclL

/2" VARIES (966" TO TI6'-D%"
g o g
28" v 4- 110" LANES 12'-8" LANE ,l SIDEWALK 20' U-TURN LANE VARES
M=o 10 910 74§ 200" 7O 25’07 | 0 TO E'-63%"
SR L | comenra
40 FENCE (TR
L 12" CoNpuT %\
A, Vi xc:::“::\\‘\
; :
i T i
[ JC |1 E CACXTNC I X )
! ! ! i ! i
' ! > o b
e Lz TN
For WP LG
23 VARIES (02'-1%" TG B&'-79') FOR FURTHER INFORMATION SEE GRDER LAYOUT SHEET
2 L@}?'-) /8"

T
DIMENS|ONS GIVEN PERPENDICULAR 10 G IRFRE
THE MINIMUM AND MAXIMUM VALUES SHOWN HERE
MAY NOT BE [N THE SAME POSITION.

B2

1_TYPI

142" 966
g o P
2" . 4- 10" LANES 20 LANE E SIDEWALK / 20' U-TURN LANE -0
i T3-077 @0-0" 06/18/12
il TRAFFIC RAL ENAVENTAL
TYee cazt L FENCE (TYPI
‘ * VARES WITHIN HORIZONTAL CURVE. SEE TABLE
ON SLAB DETAILS SHEETS FOR MAK. AND MIN
h OVERHANG VAL
NOTES:
BROGE DESIGNED FOR HL3 LGADING IN ACCORDANGE WITH
JI [ PRESTRESSED AASHTO LRFD BRIDGE SPECFICATIONS, BTH EDITION AND
] CONC |-GROERS INTERIM THERETO.
1 oPEN-1 H\E T WATER FRE A TYPE Txds
JONT ¢ RN SEE BL STD FOR BRIDGE MOUNTED FIXTURES.
__I— il Y £E RIDUF)-OT ST FOR UNDERPASS LIGHTING DETALS FOR
MOUNTING CPTIONS.
.4 (0 B
2-0% \gA/{& A Oj ORNAMENTAL BARRIER DETALS AND OTHER
THETIC DETALS, REFER TO AESTHETIC PLANS
. DIVENSI OVS ©1VEN PERPENDICULAR TO € IR
SCALE: N.T. THE MINTMUM AND MAX|MIM VALLES SHOMY HERE 1 [ e REVISED CONDUT, REMOVED PHASE JT..
MAY MOT BE IN THE SAME PCSITIO F0DED WATER PPt & GROER NABERS ADDED
o[ waam
W, | Dare
——ak
VARES 196'-6" TC 140'-B%" exprass
r-o" -0 378" -0 3/4 -0 3/4"
-0" LANES 120" LANE Ir‘ SDEWALK 20" U-TURN LA f VARIES
3 -0 10 390 1787 (20'-0" TO 45'-4%™ @ Te 12'-1%"
TRAFFIC RAIL gfg;‘g““‘- JANSSEN & SPAANS ENGINEERING
TYPE C221 PENGE [TYP) CONSULTING ENGINEERS
1 - 2 coM {098 PN REGSTRATIN MABLR; T-138
208, 15’@3 xas Department of Transportation

LBJ CROSS STREET

n 20m, 20,
E\ S X X X X /25 EEEK =y 2S 2S 2S BRIDGE NO. 54 PRESTON ROAD
NEZTREDA NORTHBOUND BRIDGE LAYOQUT
)

H WLSWL‘M ﬁ 1 -1 RM ComDUIT
RS { FOR WP LICHTING
2-0%" g i gy T = - o 2 A
ok \ VARES (90'-5%" 10 126'-25") FOR FURTHER INFORMATION SEE GROER LATGUT SHEET ! / o ST g
1 - 12" WATER PIPE D FEDRD.
E A Ly PAN AN w&) TR | recem. AD PROLCT W0 MIGWaY M.
i s 4 & TABRE, 5 xxxxxxxxx H 635
THE MIN MM AND A HUM_ VAL U3 SCow heRt WD
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STMES

SDATES

SUSERS

SFLES

¢ RPRE

FACE OF ABUTMENT 1
K

/ FACE OF ABUTMENT #
1~ BACKWALL

2
IVEASURED ALDNG & RPRE]

uig

72'-1 5/8" {1x28 GRDERS!

BACKWALL T
x
@
&g
n 132'-6" (Tx46 GRDERS)
= TMEASURED ALONG © IRPRE
N
2

5. o]
—
eXxXpprass

JANSSEN & SPAANS ENGINEERING

m CONSULTING ENGINEERS
FIRN FEGETRATION MAGER; T-13%9

Ig'gam Department of Transportation

201

LBJ CROSS STREET
BRIDGE NO. 54 PRESTON ROAD

SOUTHBOUND GIRDER LAYOQUT

SCALE: AS NOTED SHEET | OF 2
'ﬁt‘ oD | recam. a0 ProxcT s Gy mo.
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L2l

STIMES

SDATES

SUSERS

SFLES

Al
DISTANGE BETWEEN €

SPAN 1 GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER
GIRDER
GCIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER

2

BENT NO.
DISTANCE BETWEEN T IRPRE AND GIRDER 1
R _SPAC.

SPAN 1 CIRDER
CIRDER
CIRDER
GIRDER

BENT NO. 2

ENT NO. 1

IRPRE AND G\R)n s

GIRDER S
{4
pop

@@ A

=

URY¥Esalianis

P
8 soomnranoaasanaaDan

(N BD"6' 32"

SR

DE|
1

1 0.000
2 4,054
3 4052
4 4.054'
5  4.054'
8  4.054'
T 4,054
8  4.054
8 4.054'
10 4,084
11 4088
12 4,084
13 4,054
14 4,054
15 4.054'
16 4,054
11 4,054
18 4,084
18 4,054
20 4.054'
21 4.054'
22 4.054'
23 4.05¢

89. 188"

N BD°6' 32"

DISTANCE BETWEEN { |RPRE AND GIR
GIRDER SPA
C.L, BENT

11, 449"
11.449"
11, 448"
11, 449"
11, 449"
\1 449"

L 44g
m 592"

W)

0D 0B o

BENT REPORT

. m 7 A

Graa A

DER An {13
A
50 16
40 55
48 50
43 59
50 19
50 48
51 27
52 10
52 56
53 42
54 27
55 8
55 42
56 9
56 24
56 27
56 15
55 46
54 59
53 50
52 18
50 22

3 (N 80°6' 32"

DISTANGE BE mu»_N Q 1RPRE AND G\RDF.R f

SPAN 2 GIRDER
GIRDER

GIRDER

GIRDER

GIRDER

CIRDER

GIRDER

GIRDER

GIRDER

TOTAL

COmn BN

NO.

SPAN 3 GIRDER 1
GIRDER 2
GIRDER 3
GIRDER 4
GIRDER 5
GIRDER &

GIRDER 10

GIRDER 11

GIRDER 12
TaTAL

ABUTMENT NO. 4 (N 80°37' 35"
DISTANCE BETWEEN € IRPRE AND GIRDER 1
GIRDER SPAC,

SPAN 3 GIRDER 1
CIRDER 2
GIRDER 3
GIRDER 4
GIRDER 5
CIRDER &
GIRDER 7
GIRDER 8
GIRDER @
GIRDER 10
GIRDER 11
GIRDER 12

TOTAL

PP VP S SwS AC

GIRDER SPAC.
(G.L. BENT)
449

11
1.
14

3 (N 80%6'32"

R

00D

EE L
[

ENT
ISTANCE BETHEEN c \RDRL AI\D G\PDER 1

il

TR T AN

- 93887 LT
GIRDER ANGLE

WA

100
100
100
100
100
100
100
100
100
100
100
100

e

BENT REPORT SPAN 1
ROER Ne.

GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER

BENT REl
GIRDER

CIRDER
GIRDER
GIROER
GIRDER
GIRDER
GIRDER
GIROER
GIRDER
GIRDER

BENT RE
GIRDER

GIRDER
GIRDER
GIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER
GIRDER
CIRDER
GIRDER
GIRDER

23

PORT SPAN 2
No.

1
2
3
3
5
6
7
8
9

PORT SPAN 3

GIRDER REPORT

HOR I ZONTAL

HORI;

B .7u4' -t

ok

ZONTAL

DISTANCE TRUE_GIRDER

128,434
128. 758
129.120°
129.521"
129.959°
130,435

DISTANCE TRUE GIRDER
T

A CEPER

B4.66T"

DISTANCE TRUE_GIRDER
C BRG Q

» MEASURED FROM FRONT FAGE OF BACKWALL TO & OF BENT.

06/18/12

LENGTH
CE

LENGTH
3

LENGTH
cE

NOTES:

BRODGE DES| FOR HLO3 LOADING IN ACCCRDANCE
WITH nsnm La D BRDGE SPEGIFICATIONS, 5TH EDITION
AND NTERIM THERETO.

THE DIRECTION OF CFFSETS FCR END OF GIRDER AND
RING IS MEASURED PERPENDICULAR TO THECL
OF SUPPORT

1 e REVISED AS_WOTED
0| waam FC SUBMTTA SEGMENT 3 854
0. | DaTE 3

u JANSSEN & SPAANS ENGINEERING

r’ exas Department of Transportation
©zom

CONSULTING ENGINEERS
Pt REGSTRATION MIMBER: F-139

BRIDGE NO. 54 PRESTON ROAD
SOUTHBOUND GIRDER LAYOQUT

SCALE: S NOTED SHEET 2 OF 2
Ko [ 128 | reoena s rrascr 0] womer o
eS| 6 XX XXXK-KXX H 635
| DNA | DEmCT | GounTY ST o,
CHECK
MAH 53-B540032
[Towoe |
JFG

LBJ CROSS STREET




3TMES

.

SDATES

SUSERS

8¢l

SFLES

T2'-1 5/8" (Tx28 GIRDERS
MEASURED ALONG & IRPRE]
12400

86 B 172" (Tx46 GROERS)
IMEASURED ALONG © RPRE

132'-6" (745 GIRDERS)
MEASURED ALONG € RPRE

PRE \ @Jf_

687
gE=tz
T ——
o T
FACE OF ABUTMENT 1—=Th ¢ grg
BACKWALL i e

et

&

:

gn e \’ OF ABUTMENT 4

I3 AL

3
2 =
= 2
s
2 [ s | T STA EoeT S 55 w5
= DATE REVEIO [erov |
express
'.B JANSSEN & SPAANS ENGINEERING
CONSULTING ENGINEERS
PR REGSSTRATION WUMBER: F-10%
f”' exas Department of Transportation
©z20m
LBJ CROSS STREET

BRIDGE NO. 54 PRESTON ROAD

NORTHBOUND GIRDER LAYOUT
SHEET 1 OF 2

SCALE: AS NOTED
R T 10 | reoonn an rocr o]
] XX -XXXX-XXX H 635
SHEET NO.
S3-B540033

o
11/30/11




6Cl

3TMES

S0ATES

FLES

s m spa . 2B | 8 SoA AT 2 "

4 SPA AT 8"

SPA AT 12"

B) 11INB)

(@

‘ =3-0" GZE #a) ‘: 20" (SIZE w41

MAX (SIZE #41

C.G. OF DEPRESSED STRANDS—

- \

SYMMETRICAL ABOUT €

T BEARING —

I

END OF GIR:
FOR PAYMENT

90°AT INT_BENTS,

i PLUMB ENDS AT ABUT
BIWL & INVERTED-T

s ! i
1 ¥ v | | !
= ' T o T T T T .
END OF GROER——+f T
FOR PAYMENT 1
: t¢ BEARING = = |
T . = — )
] ' T P
| ! 1 1 CG.OF AL STRA i
&1 ! e e | !
] H | i
' : i i n !
e | Tr ] 1
1 T i+ T i 5
I i i i ¢ T |
% | L, | o | b SRR~ caor |

3'-3" BARS PARALLEL

3

BARS PERPENDICULAR TO BOTTOM OF GIRDER

|70 GROER EMD
BARS S CL COV %"

BARS S GPAQ | ‘ 3 SPA AT 2"
T = 8" SZE 6
1 SPA © 6" MAK -

EARS C SPA - 3 _L

QNE_HALF_SPAN LENGTH (SEE_GRDER LAYQUT SHEET)

(T)BUNDLE wiTH BARS R.

SYMEASURED PERPENDIGULAR TO ABUTMENT BKWL OR
~/INTERIOR BENTS.

(Z)THE_AVERAGE OF THE TOP AND BOTTOM SPACNG CF
BARS R CANNDT EXCEED THE REQURED SPACNG.

(&)1 3/8" CLEAR COVER TO BARS S.

A

BARS T AT 3 EQ SPA

B
E 15 CL_cov

UNLESS NOTED (TYP)
7

(TYPB

(5) NO PORTION OF BAR LESS THAN 10 FT.
FOR WELDED WIRE RENF ORGENENT (WD)

OPTION, AREA OF
5E KFBUEED W PRORORTION To The
NCREASE N REINFORCEMENT YELD
STRENGTH OVER B0 KSL YIELD

STRENGTH OF WwR IS LIMTED TO 75

®4S

=4
e

BARS MAY BE OUT OR BENT AT SKEWED &
END AS REQUIRED.

GERDER LENGTH MINUS 3"
BARS T (s4)

M r

3h"

SEE "OPTIONAL

OF ABUTMENT
BACKWALL OR
@ INTERIGR BENT

FLG REINF

BARS A (=3)

SHOWING TOP

SHOWING BOTT FLG REINF _|

€G. OF STRAIGHT STRANDS

f=————HOLD DOWN POINT

SPAN 2 5.B. & SPAN 2 NB. = §-2"

"DECK FORMNG NOTES™.

e

BARS P (#5 x 15'

BE
BARS P ARE TO BE THE <I\ME LENGTH AS

ay

ONE_HALF SPAN LENGTH (SEE GRDER LAYQUT SHEET}
ENER,

E) TION AND INTERM T
CONCRETE MUST BE CLASS H, SEE
AL\_ RENFORCING BARS m.

N EQUAL
SUBSTITUTED FOR BAZS A, . C. R OR
FOR SLAB REINFORCEMENTS SEE SLAB DET.

ARE ONLY REQURED WHEN “e" AT GIRDER
", o T FABRICATOR'S OPTION BARS
WHEN L IS LESS THAN 50 FT,

BARS T.

NT OF fpu EACH

FABRICATOR 15 PERMITED
TOTTELP LM CRACK WiTh PrDY

END

BETWEEN BAR ABRICATOR M
THAN D.005 A REPETITIVE BASIS.
\ VERTICAL
7 WwR LEG
o \
/ i
- &
L 4P
11T J LoNGITUDINAL SiEx
= i RE i \

STRAIGHT |
--@ STRANDS

GENERAL NOTES: ,
- BRIDGE DESICNED FOR HL93 LOADING IN ACCORDANCE WITH AASHTO LRFD BRIDGE SPECIFICATIONS, 5TH

ST BE CRADE E
ED

T UNLESS OTHERWISE N

SRANDS FOR THE DESIGNED GIRDER MUST BE LOW RELAXATION STRANDS PRETENSIONED TO 75

NG

DE! CRtA<F THE
T

TAKE AN APPROJED EORREC Ve ACTON, I SRALKe GREATE

f——q BENT 3

AL NOTES SHEET FOR f'c.

0.

WIRE REINF DRCEMENT ewwm (ASTM AAGT) MAY BE

ALS SHEET

uccs LRI AS ORECTEDBY. THE ENGN
CHNG o BA

ENGINEER. TH
AND S BY PROVIDING ADDIT GI\AL aars
ESULTS IN NO LESS THAN 1

1 [ emere REVISED NOTES
0| waam FC SUBMTTA. SEGMENT 3 B5¢
.| oA REVEION

express

JANSSEN & SPAANS ENGINEERING
CONSULTING ENGINEERS
ot REGSTRATION WIMGER: F-109

r’?‘axas Department of Transportation
©z201

LBJ CROSS STREET
BRIDGE NO. 54 PRESTON ROAD
GIRDER DETALS

SHEET 2 OF 4
"RE | Bwmb | reveam a0 prokct wof  wormar wo.
TS| B XX-XXXX-XXX H 635
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STMES

SDATES

SUSERS

o€l

SFILES

DESIGNED GIRDERS (DEPRESSED STRANDS) OPTIONAL DESIGN NON-STANDARD STRAND PATTERNS
T DESGH BESON | REQURED | LNE L0 | TWE L0 - =
SPAN OGRDER GIRoER| MO FRESTRESEING STRA0 Loa o MNMUM DETH DSTRIB PATTERN SIRNE AR
STRUCTURE [LeneTH o, i s LEE TEMSLE WIMAE | FMTOR | FAGTOR AT ¢ OF GIRDER
strma - | e stess | sTarss MOENT | WOGENT | rsiERRI — -
PAITERN o | size kreerd & | eno MR g | BOTTG | chEKCTY 2 SERN 1 SOUTHBGUND
- W @ (SERVICE [ | ISERVEE W | ISTRENGTH 0 z SPAN 2 SOUTHBOUND & NGRTHBOUND
an [ | oo | settal | feblisi | n-kipw 3 SPAN 3 GROER 1 SOUTHBOUND
. 4 SPAN 3 SOUTHBOUND
1 x46| 1 |48 [0.6|270k| 15.1] 9.43| & [42.5|6.425|8.031]| s.867| s.478| s265.5| 0.519| 0.519 B
2 70 22|Tx46| 1 |48 |0.6|270K| 15.1] 9.43| 8 56,425 8,031 5.836 5.459| 8152.5 0.492| 0.646 B SPEN 1 RCRTHAGUND
a5 z3 x46 1 |48 0.6 |270k| 15.1| 9.43| B |42.3|6.452|9.025]| 5.s05 591| 8719.4| 0.600 0.600 [ SPAN 3 _NORTHBOUND
SPAN 1 24 |Tx46| 5 |48 0.6 |270k| 1571| 9.43| 8 [42.5|7.102|@.877)| .08 5658| 87993 0.600| 0!600
25 T0 23 Txag| 5 | 48 |0.6|270k| 15.1| 9.43| 8 [42.5|7.102|a 877 5.824 3a1| 785T.3| 0.454| D0.598 GIRDER SECTION PROPERTlES
44 |Txas| 5 | a8 |0l8|270k| 15.1| 9.43| 8 [42.5[7.102|aia77|| Sisss| sIs1s| sz70l3| olsds| olsas
Girder| Area | “Ix" Weight
1 Teag| 2 | 42 |0 .6[12.17 4 5|s.023/6.279|[ 3.234[  3.658) 653s.8) 0.944| D0.944 Type [ 1in2)| in) [ Lin tp1f)
2708 |Tx46| 2 |42 [0 .6[12.17 4 5|5.023|6.815|| 3.384| 3.752| 6608.4| 0.918| 1.063 = T =
el 00 Ted6| 2 | 42 |0 .6|12.17 4 |42.5(5.0236.273f| 30704 3.447| 6146.5| 0.886| 0.886 Lo W R T T
SPAN 2 L. 10 Txd6| 2 | 42 |D. L6[ 120 4 .5|5.023| 6. 279 3.104 3.447| 6146.6| 0.886( 0.886 Tx46 761 | 198, 089] 46, 478] 793
11 TD 17| Tx46 2 42 | 0. 6l 12.1 4 .5|5.023| 6. 834 3.384 3,792 6608.4| 0.918 1.063
Txag| 2 | 4z |0 5.6\ 12.17) 4 [42.5|5.023 6.279|| 3.234|  3l656| 6530.8 0.044| 0.944
1 1xeg| 3 |38 (0. .69( s.85( 6 |24.5(7.722{9.652|| 4.8a5]  s.911 0.881
21011 |Tx28| & |32 |0 .38| 6.85( 4 |24.5|6.585/8.231|| 3.esz| a/634 0.848
sPan s |7emer| 12 |Ixe8| & | 420 .38| 6.85( 4 |24.5(6.5858.231|| 3esz| asie 0,767
B g 15 |1xe8| 6 |34 |0, .95| 6.83( 4 |24.5 (6,755 8, 444f| 3772 . 0.825
14 70 24| Tx28[ 6 | 34 |0 .95| 6,83 4 |24.5 6,755/ 8, 44af| alo78 3 0.937
25" |Tx28| & |34 |0, RIS PRV MRS DM | IR IR 0.731
GENERAL NQTES‘
DESIGNED F LOADING IN_ACCORDANCE WITH AASHTO
CRD RIGE SPECE CATIONS, 5711 DT,
ALL CONCRETE SHALL BE CLASS H. ALL RENFORCING BAZS
SHALL BE GRAI
WHEN SHOWN ON THIS THE FABRICATOR HAS THI
OPTION CF FURNISHING ETHER THE DESIGNED DEPRESSED
STRAND GIRDER OR AN APPROVED OPTIONAL DESKGN. ALL
OPTIONAL DESIGN SUBMITTALS SHALL BE SIGNED, SEALED AND
DATED BY A REGISTERED PROFESSIONAL ENGINEER.
13 # :
38 DEPRESSED STRANDS i g PRESTRESS LOSSES FOR THE DESIGNED GROERS HAVE BEEN
i 383 AT END GIRDER A DEPREESED STRANDS 11/30/11 CALGULATED FOR A RELATIVE HUMDITY OF TD PERCENT
£ B END GIRDE OPTIONAL DESIGNS SHALL LIEWISE CONFORM.
SEAL CRACCS I GROER £10S EXCEEONG 0005 IN WIDTH 45
g o THE ’NG\NFE{ THE ABRICATGR IS PERMITTED
& ~ 245 i TO utLr\'LA.sL ALE SPRONG oF 8ARS BY PROVIDING
- - - 323 ADDITKNAL 16 LELP LT CRACK WLTH PROVDED THE
5 DEPRESSED STRANDS Z AR R .| 203 ! ~DEFRESSED STRANDS GECREASED spncwu RESULTS N NG LESS THAN 1"
= AT GRDER & P AT ORDER € o 7S, THE FABRGATOR MUST TAKE AN ASPROVED
& & DEPRESSED STRANDS CORRECTIVE ncmn 'F [CRACKS GREATER THAN 0005 FORM
2 - AT GRDER G ON A REPETITVE BASIS.
bt 4 NON DEBONDED STRANDS b A
I A 4 LENGTH DEBONDED STRANDS pic]
2.5 ¥ 2 LENGTH DEBONDED STRANDS | 2.5
[0 [orear | FC SUBMITTAL SEGWENT 3 554 53
& L 13 Spa at 2 _‘ 13 Spa ot 2" _I | MO. | BATE REVEION APPROV.

] B E PE—————
PATIERN 1, Tx46 GIRDERS BATIERN 2, Tx46 GRDERS BATTERN 3. Tx28 GRDERS express

JANSSEN & SPAANS ENGINEERING
CONSULTING ENCINEERS

DEPRESSED STRANDS PN RESTRATIN MUMOER: F-413%
AT END GIRDER
DEPRESSED STRANDS = DEPRESSED STRANDS ?’}GXGS Department of Transportatlon
) AT END GIRDER AT END GIRDER 20‘“
e . Tne & BJ CROSS STREET
i 5 FEE R ) BR IDGE NO. 54 PRESTON ROAD
g
__ DEPRESSED STRANDS A g DEPRESSED STRANDS GIRDER DETALS
S G € . = AT GRDER € SHEET 4 OF 4
m iz T3 4 NOW DEBONDED STRANDS "RU | Bwa8; | revern ap rrokc wo  wwea no
X 1L 125 @ 14’ LENGTH DEBONDED STRANDS | W |
% 2' LENGTH DEBONDED STRANDS AR & HHXXXK-XXX H 635
. 13 Spo at 2" 2 13 Spa ot % STATE | GBS [ COAT | SMETHD. |
& 2 13 Spa at & MAH | TEXAS | DALLAS | DALLAS 53-8540038
PATTERN 4. Tx28 GRDERS PATTERN 5, Tx46 GRDERS N -
PATTERN 6, Tx28 CIRDERS JFG | 2374 o1 |oes, ETC
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STIMES

SDATES

SUSERS

SFLES

279'-7 3/4"

F-10 3/8" 107'-3 5/8" 137°-3 7/8" 20'-5 1/4" -8B 5/8"
OVERHANG REINFORCEMENT BARS A3 © 47 = &'-8"
OVERHANG REINFORCEMENT BARS A1 8 12° = 107'-07 ’7 OVERHANG REINFORCEMENT BARS A1 @ 12" = 126'-0" N A
117°-8 3/8" — (SPAN 1) = BE'—8 172" — (SPAN 2) 49'—1 178" — (SPAN 3)
OVERHANG REINF, Bl BARS @ 8" MAX. OVERMANG REINF. B1 BARS @ 5" MAX. OVERHANG REINF.
B1 BARS @ 6” MAX
SEE SHEET 49
| FOR OVERHANG D1 (80TT)
e E‘ REINF. DETALS
Ely BARRIER /
L : o SEE SHEET 50
B o i o2 FOR OVERHANG
£ ] &, REINF. DETALS
& D1 (BOTT
= |
-
T
TYPE A ‘ — A 843075 STA, 1143653
o SEJ 14" GONTROLLER # { 94'-" LT,
2
e C ! /
w > " "
2l - BARS A (1P} @ §" = 27'-0" BARS A (TOF) @ 5" = 16-8™ |
k) -"— [—s" BARS A (TOP) ® 9" = 99°—0" BARS A {TOF) @ 5" = 153 ¥ W i .
S y 1 f T £
1 ! i N i o
. | i Y
o | ) ! I o
Py / o) 1 8
T
5 TYPE A
£ ! SEJ (4"
e HICKENED SLAS END, CONTROLLED JT —ji—= CONTROLLED JT THICKENED SLAB END,1—+]
@ IBTS FOR BARS OR CONST JT # OR CONST J SEE IBTS FOR BARS !
o ;G HAND M G, H AND M I
/ D1 (FoT) |
| AN . -
=l l/ \C, STRUETURE T BENT 2 / € BENT 3 FACE OF ABUT —/ =
= | & POL 4 BIOWL ! =
I am— | — | — N
o
FACE OF ABJ"A—j’
1 BKWL
1321 7/8" — SPAN 1 86'-8 1/2" — SPAN 2 718 3/4" - SPAN 3 19'-2 1/8"
/‘\ f OVERHANG REINF. B BARS @ 8" MAX. OVERHANG REINF. B1 BARS @ 5° MAX. OVERHANG REINF. B1 BARS @ 6" MAX.
SPAN 1 (SPAN 2) (5PAN 3,

we" = -

s 'ji'{‘ o8- | revcam ap prokct no  HcHwa no.
Ay AL T s 6 XX-XXXX-XXX H 835
| DNA | DETRICT COUNTY SHEET WO
oeox
18/1 [oem |
06/18/12 =

GENERAL NOTES:
—ALL REINFORCING SHALL BE GRADE 60 PROVIDE CLASS S
3 = 4000 PSI. BAR LAPS, WHERE REQUIRED,

CONCRETE, F'e
SHALL BE AS FOLLOWS
§e = 15"

#5 = 1'-9°
~FOR RAIL DETALS NOT SHOWN, SEE TRAFFIC RALL TYPE
czz
—FOR SEALED EXPANSION JOINT DETALLS NOT SHOWN, SEE
SEJ-A

~PROVIDE A CONSTRUCTION JOINT OR CONTROLLED JOINT AT
THE CENTER LINE OF T2

IOR BENT 2.
~FOR_FRAMING DETALLS NOT SHOWN, SEE "GIRDER LAYOLT"
HEET,

ELS DETAILS SEE PCP (MOD), STANDARD AND

—FOR FAN
SHEET S3-B540062.

f

DECK &, PERPENDICULAR TD EXTERIOR GIRDERS.

—~BARS A2 EXTEND 30" FROM OF EXTE
DECK C, PERPENDICULAR TO EXTERIOR GIRDERS

—FOR GIRDER, BEARING PAD, MISC SLAB AND THICKENED
SLAB END DETALS NOT SHOWN, SEE 16D, IDG (MGD), PCP
(MDD), IGEB, IGMS AND IGTS.

= BE STAGGERED AND

BETWEEN Al

TO MAXIMIZE THE DISTAN

A

DIACENT

ALTERNA
SPLGES,
NOTES:

BRIDGE DESIGNED FOR HLO3 LOADING IN ACCORDANCE WITH AASHTO
LRFD BRIDGE SPECIFIGATIONS, STH EDMION AND INTERIM THERETO.

1 [ enare REVISED NOTE, OVERHANG REWE ,
o [ waam SUBNITTAL SEGMENT 3 B54
3 REVEIN [2erRov

expraess

" Ms:u s SPAANS ENGINEERING
CONSULTING ENGINEERS
r’,‘axas Department of Transportation

©zom
LBJ CROSS STREET
BRIDGE NO. 54 PRESTON ROAD
SLAB DETAILS

SHEET 1 OF 5




cel

STMES

SDATES

SUSERS

SFLES

58" (OVERALLY K
1-0" L 93'-6" (ROADWAYH 1-0"
RAL RALL
gl NOM. FACE ir L 1 NOM. FACE OF RAL——
E OF RAL
P o oa GROUT #8 X 8" B X 8 - WX Wa REINFORCING SMILAR
o e -& DOWELS ON 5 WIRE MESH S|A® S TO SDEWALK - \ B
B~ E ) soan T PCR PANEL—, M| END COVER
| & [y |2 T8 seA 2 (YR
5 % / A a0z 1 f~—8 RPRE & FGL
A | Ir
0 kI 2 [ros Xy [ ' i l
! ! =
| BEDDING ¥ e | 3 3]
! STRIP [TYP) A i 2" (ryel ad
! € GOR 2= € GDR 6—= € bR 9=
36" | 9 Tx46 GRDERS A
T SEE GIRDER LAYOUT FOR SPACIG T
SCALE:
" IOVERALL)
1-07 ROADWAYT .
RAL
{ o
- ! . SIDEWALK 13'-0 NOM, FACE
NOM. FACE OF} RAL i T
[~ RENFORCING SIMLAR & [~ GROUT #6 X 8 6 X 6 - Wi X W4 PCP PAKEL (TYPH At @ 12"
Jou / TO SIDE] ‘ A / DOWELS ON &' WIRE MESH ey
END COVER | / : j 0| C-C GRID 542 1-p"
By ¢ ~aestTg O = B
5/ } i & / 9" sPA o \‘é
B IRPRE & PGL—=d 74 I L I s =
VA 3 € 1 [= ] C
Tver AT 1
3 i 3UTYRY
| BEDDING. 1-0™TYP)
81 ® 5" Max_j - I STRIP (TYP) =
(TYR) | -4
atan b
i L]
=& GOR 10 =—€ GDR 1 2
2-3" 9 Txd6 CRDERS 3'-6"
T SEE CRDER LAYOUT FOR SPACING
SCALE:
TABLE OF OVERHANG
SPAN | LEFT T RIGHT
No. | Min [ ma_ | wmin MAX [ e o =T o g
2 | 3.500° | 3.s00° | 3.500" | 3.500 - € BRG € sPaN NC. In [
2 SOUTHBOUND | 0.885 | 1.277
2 NoRTHBOUND | 085 | 1277
TABLE OF SECTION DEPTHS CALCULATED DEFLECTIONS SHOWN ARE
e T TS = DUE TO THE CONCRETE SLAB ON INTERIOR
@ GIRDERS ONLY |E! 5588 KSIh. ADJUST
No. MDSPAN | c/L BRG | c/L BRG DEAD LOAD VALUES AS REQURED FOR EXTERIOR
o o T GIRDERS AND |F OPTIONAL SLAE FORMING
2 SOUTHBOUND| 9% | § 4 =1 DEFLECTION DIAGRAM 5 USED. THESE VALUES MAY REQUIRE
2 NORTHBOUND | g% " a1 FIELD VERIFICATION.

06/18/12

BAR TABLE
BAR SIZE
A #5
A 4
A3 6
B 5
81 45
BARS U o #5
® 8" o1 #5
H “5
J 5
K #5
M 45
L 4
%" CONTINUOUS /L\
DRI BEAD (BOTH
SDES OF ] i
STRUCTURE)
END SLAB DETAL

N.

GENERAL NOTES:

-ALL REINFORCING SHALL BE CRADE 60

PROVIDE CLASS S CONCRETE, F'c = 4000 PSI.

BAR LAPS, WHERE REQUIRED, SHALL BE AS FOLLOWS:
#4 = 1' -5

#5 = 3 -2

-FOR RAIL DETAILS NOT SHOWN. SEE TRAFFIC RAIL TYPE SSTR..
-FOR SEALED EXPANSION JOINT DETAILS NOT SHOWN, SEE SEJ-A.
-PROVIDE A CONSTRUCTION JOINT OR CONTROLLED JOINT AT THE
CENTER LINE OF INTERIOR BENTS 2 AND 3.

“FOR PCP PANELS
s 57

o
ALS SEE PCP (MDDI, STANDARD AND SHEET

3
ACENT SPL | CES.
-FOR GIRDER DETAILS NOT SHOWN SEE GIRPER DETAILS SHEETS.
~E1 & E2 BARS, FIELD DRILLED HOLES (N CONCRETE SHALL
EXTEND A DEPTH REQUIRED TG EMBED BAR 4" WITH AN
APPROVED ANCHOR SYSTEM HAWING A MINIMIM PULLOUT EGUAL
TO 12000 LBS FOR #4 BAR.

MAX | M| ZE

T e 3

0 | wiam FG

NG| DATE REVISION | APPROV. |
—

exprass

JANSSEN & SPAANS ENGINEERING
CONSULTING ENGINEERS
FIRN REGETRATION MASIR

=tFoxas Department of Transportation
F ©zn

LBJ CROSS STREET
BRIDGE NO. 54 PRESTON ROAD
SLAB DETALS

SHEET S OF 9

e | Soa: | roenn a0 roxct 0] nammr o
& XX-XXXK-XXX H 635
DNA STATE DSTRCT SHEET WO.
S3-B540044




Appendix B

Field Testing
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PHASE 1 MONITORING. TRUCK POSITION 1

TIME (seconds) Strain (k)

SG 01 SG 02 SG03 SG 04 SG05 SG 06

0 54.73 32.61 238 19.54 66.12 54.75
10 54.25 31.65 22.85 20.02 65.65 54.27
20 55.21 31.17 23.8 20.02 65.65 54.27
30 55.69 30.69 23.33 19.54 65.65 54.27
40 56.17 32.13 22.85 20.5 65.65 54.75
50 56.17 32.61 22.85 20.5 65.65 54.75
60 55.69 32.61 22.37 18.59 64.7 56.19
70 56.17 32.13 22.37 19.07 65.65 55.23
80 58.09 31.17 22.37 205 66.12 55.23
90 56.17 31.17 23.33 18.59 65.65 55.71
100 57.13 30.69 21.9 205 65.65 54.75
110 54.25 31.17 23.8 19.54 66.12 54.75
120 56.17 31.17 22.85 19.07 66.6 54.75
130 55.69 30.69 23.33 19.54 66.6 54.27
140 56.17 30.21 22.85 20.02 65.17 56.19
150 56.17 31.17 23.33 20.5 66.12 55.23
160 56.17 30.69 22.37 20.02 65.65 55.71
170 55.69 31.65 23.8 19.54 66.12 53.79
180 55.21 30.69 22.85 19.54 66.12 54.27
190 56.17 29.73 23.8 20.02 66.6 55.23
200 55.69 30.69 22.37 19.54 66.6 55.71
210 56.17 31.17 21.9 20.5 66.12 55.23
220 54.73 31.17 23.8 20.5 65.65 54.75
230 56.17 32.13 20.94 20.5 66.12 56.19
240 56.17 32.61 22.37 20.02 65.65 55.71
250 56.17 31.17 22.37 19.07 66.6 55.71
260 56.65 31.17 23.33 19.54 65.65 55.71
270 56.65 31.17 21.9 20.5 66.6 55.23
280 56.17 30.69 22.85 20.5 65.65 55.23
290 56.17 29.73 22.85 19.54 65.17 56.19
300 55.21 30.69 22.85 20.5 66.12 55.71
310 57.61 29.73 22.85 19.54 66.12 56.19
320 55.69 30.69 22.85 19.54 65.65 55.71
330 54.73 31.65 22.85 20.5 66.12 55.71
340 56.17 30.69 21.9 20.02 66.12 55.71
350 56.17 32.13 21.9 19.54 66.6 56.19
360 55.21 31.65 21.42 205 66.6 56.19
370 55.69 30.21 22.85 19.54 67.07 54.75
380 56.17 31.65 22.85 19.54 67.07 55.71
390 57.13 31.65 23.8 20.02 66.12 54.75
400 55.21 31.65 22.85 19.07 66.6 54.27
410 56.65 31.65 22.37 19.54 66.12 55.71
420 56.17 31.17 22.85 24.79 66.6 54.75
430 57.61 31.65 22.85 24.31 65.65 56.19
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Strain (pe)

N
o

10

w
o
I

440 55.69 32.61 20.94 22.88 66.6 55.71
450 55.69 32.13 21.9 22.41 65.65 56.19
460 55.21 32.13 22.37 22.88 66.6 55.71
470 57.61 30.69 21.9 22.88 65.65 55.71
480 56.17 29.25 23.8 22.88 66.12 55.71
490 55.21 32.13 20.94 22.88 65.65 56.19
500 56.17 31.65 20.47 21.93 65.65 56.67
510 54.73 32.61 21.9 21.45 65.65 55.23
520 56.65 30.69 22.85 21.45 67.07 55.23
530 55.21 31.17 22.85 22.41 68.5 57.63
540 55.21 31.17 23.8 22.41 67.55 57.63
550 54.25 31.65 21.9 22.41 67.07 58.11
560 54.73 31.65 23.8 22.88 67.55 57.63
570 55.69 30.69 22.85 23.36 67.55 59.55
580 54.73 31.65 22.37 21.45 67.55 59.07
590 53.29 31.65 23.33 21.45 67.07 58.11
600 55.21 32.61 21.9 22.41 67.55 58.11
610 52.81 32.61 22.37 22.41 68.5 58.59
620 54.25 31.65 22.85 22.41 68.5 58.11
630 53.77 32.61 22.37 22.88 67.55 58.11
640 53.77 32.61 22.85 22.41 67.55 57.63
650 54.73 31.17 21.9 21.93 66.6 58.11
Average Strain (pe)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06
55.67 31.38 22.65 20.83 66.35 55.91
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PHASE 1 MONITORING. TRUCK POSITION 2

TIME (seconds) Strain (k)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06
783 14.88 9.11 2.86 4.29 11.89 11.04
793 12 9.11 3.81 2.38 12.37 11.04
803 12.96 10.55 2.86 2.38 12.37 10.08
813 12.96 10.07 3.33 3.81 12.37 11.53
823 14.88 9.59 3.81 3.81 12.37 10.56
833 14.4 8.63 3.81 2.38 12.37 11.53
843 12 8.63 4.28 2.38 12.84 10.56
853 13.44 10.55 3.81 2.38 11.89 12.49
863 12.96 10.07 2.86 4.29 11.89 11.53
873 14.4 8.15 3.81 2.38 12.84 10.56
883 12 9.11 3.81 4.29 12.37 10.08
893 13.92 10.07 2.38 3.81 12.37 10.56
903 12.96 10.55 3.33 2.38 12.37 10.56
913 14.88 8.15 2.86 3.81 11.42 11.04
923 12.96 8.15 4.28 2.38 11.89 9.6
933 12.96 10.07 2.86 2.38 11.42 10.56
943 14.88 8.63 3.33 4.29 11.89 12.49
953 13.92 10.07 2.86 3.81 11.89 13.93
963 12.96 9.11 4.76 2.38 12.84 12.97
973 12.96 9.59 3.81 2.38 11.42 11.53
Average Strain (p<)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06
13.46 9.40 3.48 3.12 12.15 11.21
40
35 -
30 -
25 4
SG 01
SG 06 ........... SG 01

Strain (pe)
= = N
o v o

v
L

Time (sec)
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Strain (pe)
=y [ N N w w B
o w o w o v o

(6]
L

I S - s A
~ ~ 0 0 0 0 0 o0 o0 o0 o0 o0 (9] ()] [} ()] (9] [} a a
Time (sec)
PHASE 2 MONITORING. TRUCK POSITION 3
TIME (seconds) Strain ()
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
0 28.32 19.954 12.37 6.2 32.67 19.69 28.98
10 29.76 19.954 14.28 7.63 29.513 18.25 27.54
20 30.24 18.381 13.32 6.67 31.614 17.29 28.98
30 31.68 18.381 13.32 6.2 30.041 15.37 28.98
40 28.32 18.381 13.32 6.2 30.569 17.29 30.43
50 30.24 21.538 11.9 6.67 30.041 18.25 29.95
60 29.76 18.381 13.32 6.2 30.569 16.81 28.98
70 26.4 19.954 13.32 7.63 30.569 16.81 28.98
80 29.28 19.437 12.37 7.15 30.569 18.73 29.95
90 27.36 18.909 13.32 6.67 32.142 17.77 29.47
100 26.4 19.437 12.85 6.67 29.513 16.81 28.98
110 28.8 18.909 14.28 5.24 30.041 18.73 29.95
120 28.32 17.853 13.8 6.2 31.086 18.73 28.98
Average Strain (p<)

SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
28.84 19.19 13.21 6.56 30.69 17.73 29.24
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Strain (ue)
= R NN
o . o un o un

Strain (pe)

o o o o o
wn o ~ o0 ()}
Time (sec)
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SG03
o o o o o o o o o o o o o
— o~ o < wn o ~ o0 [e)] o — o~
i i i
Time (sec)
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PHASE 2 MONITORING. TRUCK POSITION 4

TIME (seconds) Strain ()
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
130 34.08 24.684 13.32 8.58 35.31 19.21 32.37
140 35.04 24.156 12.85 9.54 39.523 21.13 34.78
150 35.52 22.583 15.23 11.92 40.051 22.09 33.82
160 36 23.639 15.7 9.54 38.467 22.57 35.75
170 37.44 23.639 13.8 9.54 38.995 22.09 35.26
180 36.48 22.583 15.23 10.49 37.411 21.61 34.3
190 35.04 24.684 14.28 9.06 38.467 21.13 34.78
200 38.88 24.684 11.42 9.54 40.579 21.61 34.3
210 34.08 24.684 14.75 10.49 39.523 22.09 34.3
220 36.96 24.156 14.28 9.54 40.051 22.57 35.26
230 37.92 23.639 14.75 9.54 40.051 23.53 34.78
240 36.96 23.639 14.75 10.01 38.995 22.57 34.3
250 36 23.639 14.75 9.54 40.051 23.05 33.82
260 38.88 22.583 14.75 10.97 40.579 22.09 34.78
270 37.92 24.156 14.75 9.54 38.995 22.57 35.75
280 38.88 26.785 13.8 9.54 40.051 23.05 35.26
290 36.96 24.156 14.28 10.97 38.995 22.57 34.78
300 37.92 24.684 14.28 10.97 37.939 21.61 34.78
310 38.88 23.111 13.32 10.01 40.051 23.53 34.78
320 35.52 23.111 15.7 9.54 40.051 24.01 34.3
330 37.92 23.639 14.75 11.92 38.995 22.57 35.26
340 35.52 24.156 13.32 10.49 40.051 23.05 34.3
350 36.96 20.482 15.23 10.97 38.467 23.05 34.3
360 37.44 24.156 14.28 9.54 38.995 23.53 34.78
370 38.88 23.639 13.8 9.54 40.579 22.57 34.78
380 36.96 23.639 14.75 9.54 39.523 23.53 35.26
390 36 25.212 13.32 10.49 40.579 22.09 34.78
400 36.96 22.055 15.23 11.44 41.107 23.53 34.78
410 34.08 24.684 14.75 9.54 39.523 23.53 34.78
420 36 23.639 13.8 10.49 40.051 22.57 34.78
430 36.48 22.583 16.18 10.01 38.467 22.09 34.3
440 29.28 21.538 14.75 8.58 31.614 20.17 28.98
Average Strain (p<)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
36.50 23.70 14.38 10.04 39.13 22.41 34.48
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PHASE 2 MONITORING. TRUCK POSITION 5
TIME (seconds) Strain (k)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
500 12.96 9.977 4.76 2.86 18.447 10.08 12.56
510 12 9.449 4.76 4.29 16.335 9.12 12.56
520 13.44 11.033 5.71 0.95 16.335 11.04 14.01
530 12.48 9.977 4.76 3.81 16.335 10.08 13.04
540 12.48 12.078 5.23 0.95 14.751 10.56 13.53
550 14.88 11.033 5.71 2.86 12.122 11.04 13.53
560 12.96 11.033 4.76 3.81 13.706 10.56 12.56
570 12.96 9.977 4.76 3.81 11.066 10.08 13.04
580 13.44 11.033 4.28 4.29 12.65 10.08 12.56
590 13.92 10.505 5.71 3.34 12.122 9.6 13.04
600 12.96 11.55 6.66 2.38 11.066 10.56 13.04
610 14.88 9.449 4.76 2.86 11.594 11.52 13.04
620 13.92 10.505 5.23 4.77 12.122 10.56 14.01
630 12.48 11.55 6.66 2.86 10.538 12 13.53
640 15.84 11.033 3.81 4.29 12.122 11.04 12.56
650 12.96 9.977 7.14 3.81 10.538 9.12 12.56
660 14.4 9.977 5.23 2.86 12.65 10.08 13.04
670 14.88 9.977 5.71 4.29 11.066 9.12 12.08
680 14.88 9.449 5.71 2.86 12.122 10.56 12.08
690 13.92 10.505 4.76 2.86 13.178 11.04 12.56
700 13.92 9.977 5.23 4.77 12.122 10.08 11.59
710 14.4 9.449 5.71 0.95 12.65 12 13.04
Average Strain (u<)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
13.68 10.43 5.32 3.21 12.98 10.45 12.89
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PHASE 2 MONITORING. TRUCK POSITION 6

730

o o o

00 (o] o

~ ~ %)
Time (sec)
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810
820

840

Strai &
TIME (seconds) rain (ut)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
720 17.76 11.55 6.66 3.81 15.807 12.48 15.94
730 16.8 14.707 6.66 5.24 16.335 12.96 16.91
740 16.32 13.651 5.71 4.77 16.863 12.96 16.91
750 18.72 11.033 7.14 4.77 16.863 13.92 15.94
760 18.72 12.078 6.19 4.77 15.807 12.48 16.91
770 19.68 12.078 5.71 5.24 16.863 12.96 16.91
780 17.28 13.134 7.61 6.2 16.863 12.96 16.42
790 19.68 13.134 7.61 4.29 16.863 13.44 16.42
800 18.24 12.078 5.71 5.24 16.863 13.44 17.39
810 18.72 12.078 6.66 3.34 15.279 11.52 17.39
820 19.68 12.078 7.14 5.24 15.807 12.96 16.91
830 18.72 13.651 5.71 4.77 14.751 12.48 16.91
840 18.72 13.651 7.14 4.77 15.807 12.96 16.91
850 17.76 11.55 7.14 3.81 14.751 13.44 16.91
860 15.84 12.078 6.19 5.72 16.863 12.96 15.94
Average Strain (u<)
SG 01 SG 02 SG 03 SG 04 SG 05 SG 06 SG 07
18.18 12.57 6.60 4.80 16.16 12.93 16.71
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