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ABSTRACT*

Twin steel tub girder bridges are an aesthetically pleasing structural option, offering long
span solutions in tight radii direct connectors. However, these bridges require a routine
two-year inspection frequency, as well as a thorough hands-on inspection, because of their
fracture critical designation. The heightened inspection requirements for fracture-critical
bridges come at a significant cost to the Department of Transportations (DOTSs). Recent
research has shown that tangent, or nearly tangent, twin steel tub girder sections can
redistribute load to the intact girder after fracture of one of the girder bottom flanges.
Additional research is required to develop recommendations for practical analysis of
typical twin steel tub span configurations with the degree of curvature common to twin
steel tub direct connectors.

A key objective of this research is to develop more rigorous modeling and analysis
methods. These analysis and modeling methods shall take into account the capacity of the
fractured girder, especially at support locations, and realistically model the load
distribution between the intact girder and the fractured girder. However, the modeling and
analysis methods need to be sufficiently straightforward to be applied on a large scale to

the inventory of steel tub bridges. The analysis method developed should meet the

* Reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges Technical Report” 0-
6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas A&M Texas
Transportation Institute, Copyright 2018 by Texas A&M Texas Transportation Institute



requirements outlined in the Federal Highway Administration (FHWA) Memorandum

(FHWA 2012).
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1. INTRODUCTION*

1.1. Background and Motivation

Twin tub girder bridges have the potential to serve as an engineering solution to the
problem of long-span, curved bridges with tight radii of curvature. These bridges are
becoming an alternative in lieu of the curved I-girder bridges. However, the major
deterrent in the widespread reliance of these bridges is the classification of these bridges
as fracture critical by the Federal Highway Administration (FHWA). The fracture critical
designation leads to long term costs associated with hands-on inspections and fabrication
of the fracture critical members (FCMs) according to the American Welding Society
(AWS) Fracture Control Plan (FCP). There have been disastrous consequences in cases of
failure of fracture critical bridges that have elicited the need for rigorous hands-on
inspections to avoid such terrible losses of life and property in the future. The American
Association of State Highway and Transportation Officials (AASHTO) Load and
Resistance Factor Design (LRFD) Bridge Design Specifications (AASHTO 2017) defines
a FCM as a “component in tension whose failure is expected to result in the collapse of
the bridge or the inability of the bridge to perform its function.” Therefore, hands-on
inspections are required to ensure the structure is safeguarded against fracture and fatigue
failures. The hands-on inspection of these bridges are costing the Department of

Transportations (DOTSs) large sums of funds that could be allocated to address other

* Part of this chapter is reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges
Technical Report” 0-6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas
A&M Texas Transportation Institute, 1-4, Copyright 2018 by Texas A&M Texas Transportation Institute
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problems since not all the twin tub girder bridges are truly fracture critical. The current
definition of FCMs, based on only load path redundancy, is highly conservative, which
deems all bridges as requiring elaborate and expensive inspections that deplete money and
time. Instead of an elastic analysis that may be grossly underestimating the reserve
capacity of the redundant structural members, a more realistic and exact elasto-plastic
analysis is recommended for this research. It is imperative to initiate an investigation to
assess the relevance of the current classification of the twin tub girder bridges as fracture
critical. A thorough analysis is needed to carry out the investigation aimed at reclassifying
a bridge from its fracture critical status by proving sufficient reserve strength due to the
structural redundancy of the superstructure. To execute an investigation, it is proposed
that researchers conduct two independent analyses and compare the results to comprehend
the behavior of these bridge superstructure systems in detail. The aim of the two methods
is to find the overstrength of the twin tub girder bridges selected from the bridge inventory.
The overstrength reflects the amount of reserve capacity the structural members possess
when applied with factored design loads. The decision regarding the reclassification from
the fracture critical status may be conclusively drawn if the scope of this research both
methods converge to a reasonable degree. Once it is identified that the two methods
consistently predict sufficient reserve capacity, one or more methods may be
recommended for implementation in the industry depending on the trends, if any,
emerging from this research project. The two methodologies that are implemented are:
* An accurate and thorough computational finite element analysis.

* A lower-bound computational grillage method.



The finite element analysis implements the use of advanced elasto-plastic
nonlinear elements to accurately simulate the material behavior and loading. The results
generated from this method are considered the most accurate because the program utilizes
advanced computational accuracy to model the system with high precision. Consequently,
the procedure requires time and sophisticated computational resources. The plastic method
is employed to develop a lower-bound (strip method) solution to calculate the reserve
capacity manually. This gives a range of the overstrength factors to quickly compare with
the computational methods. The grillage analysis (based on a lower-bound strip method)
is conducted using nonlinear elasto-plastic material and hinge properties to model the
behavior of the bridge under design vehicular loading. The computational push-down
grillage analysis is carried out using the matrix methods of structural analysis in SAP2000.
The grillage analysis can be considered as a practical blend of the advanced computational
finite element analysis and the plastic method due to its nonlinear elasto-plastic modeling
approach and its evolution from the lower-bound strip method.

The two methods are independently studied via extensive parametric studies and
the veracity of each method is checked by validating the analytical results with those
obtained experimentally. The next stage of analyses involve the assessment of the
overstrength factors of these bridges when analyzed under AASHTO load and resistance
factor design (LRFD) loading. This research was aimed at equipping professional bridge
engineers to apply the analytical methods to investigate the inherent reserve strength of

the twin tub girder bridges so as to eliminate the FCM designation of the steel tub girders



and reclassify them as system redundant members (SRMs) as defined by Federal Highway
Administration (FHWA) memorandum HIBT-10 FHWA (2012).

1.2. Objectives of Research

A key objective of this research is to develop more rigorous modeling and analysis
methods. These analysis and modeling methods shall take into account the capacity of the
fractured girder, especially at support locations, and realistically model the load
distribution between the intact girder and the fractured girder. However, the modeling and
analysis methods need to be sufficiently straightforward to be applied on a large scale to
the inventory of steel tub bridges. The analysis method developed should meet the
requirements outlined in the Federal Highway Administration (FHWA) Memorandum
(FHWA 2012).

1.3. Structure of Dissertation

The structure of this dissertation is as follows. Chapter 2 details the background
knowledge gleaned on the subject matter. Chapter 3 details the parametric selection of
bridges to be evaluated in this study as well at accompanying Finite Element Analysis
(FEM) results for the 15 bridges. Chapter 4 contains the Grillage Push-Down Analysis of
the 15 selected bridges in the parametric study. A comprehensive comparison of the FEM
and Grillage Analysis results is located in Chapter 5. A detailed Grillage Analysis Design
Guide is located in Chapter 6. Finally the conclusion of the study and findings going

forward are located in Chapter 7.



2. LITERATURE REVIEW*

2.1. Introduction
Steel twin tub girder bridges have become increasingly popular in Texas because they
offer a solution for long-span and/or curved highway bridges in addition to providing an
aesthetic structural option. Steel twin tub girder bridges appear in many different designs
and they vary in number of spans, span length and degree of horizontal curvature. The
twin box bridge superstructure has become more common due to construction problems
with curved I-girders. However the choice of twin steel tub superstructure comes with
additional maintenance and fabrication cost due to their “fracture critical” designation
according to the American Association of State Highway and Transportation Officials
(AASHTO) Guide Specification for Fracture Critical Non-Redundant Steel Bridge
Members (2012). Fracture critical or non-redundant designation requires strict fatigue
consideration, substantial testing during fabrication and more periodic maintenance
compared to non-fracture critical structures because they consist of nonredundant
structural systems that could collapse or partially collapse due to the loss of a single
structural member. In particular, rigorous frequent inspection requirement increases the
life cycle cost of this class of bridge superstructure significantly.

Steel twin tub girder bridges require hands-on inspection every two years, which

costs the Texas Department of Transportation (TxDOT) about $2 million every two years

* Reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges Technical Report” 0-
6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas A&M Texas
Transportation Institute, 5-30, Copyright 2018 by Texas A&M Texas Transportation Institute
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including the traffic control costs. Therefore, removing the fracture critical designation of
some or all of these bridges may significantly lower the cost of this bridge system, leading
to more economic inspection requirements. In order to be able to designate a two-girder
bridge as redundant, it is necessary to show that the bridge has sufficient reserve capacity
after the fracture of one of the girders. This can be achieved through rigorous analysis
techniques.

This chapter documents the state of the art and practice for the analysis of bridges
and redundancy studies of fracture critical bridges. This opening subsection introduces the
fracture critical twin tub girder bridges and describes the motivation. In the second
subsection, different methods of analysis are listed and briefly summarized. The third
subsection presents the definition of fatigue and fracture, and several bridge failures due
to fatigue and fracture. The fourth subsection introduces the concept of redundancy and
the motivation for the initiation of fracture critical protocol. Different definitions provided
in the design codes and specifications along with different sources of redundancy are also
discussed in this subsection. In the final subsection relevant research about fracture critical
bridges and modeling approaches for evaluating the redundancy of steel twin tub bridges
are presented.

2.2. Approaches to Analyzing the Behavior of Bridge Structures

In structural engineering, physical phenomena are simulated using mathematical
models which can represent the actual behavior of a structural system. Over the previous
centuries, methods of structural analysis have developed and become more sophisticated

as the ability to compute solutions has also improved. Indeterminate structural systems



require solutions that concurrently deal with both equilibrium and compatibility of
deformations. In contrast, if the compatibility condition is violated due to inelastic
behavior but equilibrium maintained, plastic solutions that provide collapse loads may be
obtained. This subsection first describes historic through to modern methods of elastic
structural analysis. Second, plastic methods for both frames and slabs are discussed. In the
third and final part to this subsection, nonlinear methods of analysis are described whereby
computational solutions can give the entire solution from the initial elastic behavior
through to the plastic collapse load.

2.2.1. Elastic Structural Analysis

Linear analysis simply assumes that the load is proportional to displacement. This
principle was first introduced by Robert Hooke and remains well-known due to Hooke's
law (1678). As force is related to stress and displacement to strains, they are also
proportional to each other. Linear elastic analysis is based on the original undeformed
geometry and elastic material properties. Analysis of structures using mechanics of
materials approach or theory of elasticity are analytical formulations using linear elastic
behavior and therefore closed-form solutions may be obtained. Although most structural
systems involve material and geometric nonlinearity, elastic analysis has been widely used
due to its simplicity. Engineers still use linear elastic methods by some modification to
consider nonlinearities. When predicting the ultimate strength or in-service deformations,
the results of linear elastic analysis are adjusted permitting a prescribed amount of moment
redistribution. While it remains valid to use superposition for linear elastic analysis and

then apply a measure of moment redistribution, it is not possible to assess the actual



collapse load. However, if the provided capacity is greater than the load demands some
reserve capacity remains. Elastic solutions together with a limited amount of moment
redistribution are lower bound limit state solutions.

Linear elastic analysis may be used to estimate the actions and deflections of
reinforced concrete structures under service loads but care must be taken for reduced
stiffness due to cracking resulting from loading or restraint to thermal and shrinkage
effects. These additional reasons of material nonlinearity complicate the design process
using linear elastic methods.
2.2.1.1. Beams and Frames
The simplified approach of using linear elastic behavior defined by Hooke's law enabled
scientists to formulate mathematical models for many engineering problems. Bernoulli
and Euler (1750) formulated differential equations for the deflection calculation of a beam.
Euler has derived equations to calculate deflection of beams, buckling load of beams and
his approach could be extended to calculate flexural stresses. Euler-Bernoulli beam theory
(EBT) for flexural behavior and stiffness was developed and evolved over some 400 years.
In EBT, it is assumed plain sections transverse to the longitudinal axis of the beam remain
plane (straightness) and perpendicular to the axis after deformation (normality). In this so-
called straight line theory, the transverse deflection of a beam is governed by a fourth
order differential equation. Although the derivation of analytical formulas originated back
in 1700s the results of EBT were not commonly used until the 19" century when the
wrought iron and later on steel was started to be used in large structures (Timoshenko

1953).



The theory of elasticity developed throughout the second half of 18th and 19th
century. These developments made it possible to design and build relatively simple
structures such as bridges. However, finding analytical solutions for mathematical models
for complicated (indeterminate) structures had led to large numbers of equations, which
was not easy to manage without modern computational methods. One of the early methods
for analyzing statically indeterminate elastic structures is the force method or flexibility
method which was initially developed by James Clerk Maxwell in 1874 and later
improved by Heinrich Miller-Breslau. A breakthrough was made when Hardy Cross
(1932) first introduced the iterative “moment distribution” method.

A significant development which led to computational analysis of structural
systems was the development of Matrix structural analysis (MSA). MSA was first used in
aerospace industry in 1930s through the formulation of Duncan and Collar (1934). Turner
(1959) proposed direct stiffness method (DSM) which created the framework for the finite
element method. Later Argyris and Kelsey (1960) described contrasting force and
displacement based matrix methods. These methods became solvable with early digital
computers and were popularized in the 1960°s and beyond. MSA basically discretize the
mathematical model and create the matrix formulation for an assembly of bar, beam and/or
beam-column members, which is then solved by computational tools.
2.2.1.2. Plates and Shells
In two-dimensional elasticity the most basic member behavior is membrane which has in-
plane stiffness only. This behavior is analogous to bar element in one-dimension. This

means membrane cannot resist any bending moment. A plate is defined as a structural
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member which is thin and its thickness is much smaller than its length or width. Similar
to the beams the transverse loads are carried by the bending actions of the plate. Plate
behavior models out-of-plane bending stiffness only and the member can resist bending
moments. There are various plate theories which differ by their simplifying assumptions.
Most commonly used one is the classical plate theory (Kirchhoff theory of plates), which
is a generalization of Euler-Bernoulli beam theory. There are three main assumptions;
sections perpendicular to mid-surface remain straight (straightness), these sections also
remain perpendicular to the mid-surface (normality), and the thickness does not change
during deflection (inextensibility). Based on these assumptions the normal stresses in the
transverse direction vanishes (plane stress), and the transverse shear strains are neglected.
However, for thick plates there may be significant shear strains that contributes to
transverse stresses. Mindlin plate theory includes the effect of transverse shear strains by
removing the normality assumption, which is analogous to the Timoshenko beam theory
(Timoshenko and Woinowsky-Krieger 1959). Shell behavior considers both in-plane
stiffness (membrane behavior) and out-of-plane stiffness (plate bending) for modeling a
two-dimensional structural member.

It is possible to simulate the behavior of a bridge superstructure as an orthotropic
plate in order to get analytical solution for the displacements and stresses as well as
eigenfrequencies (Hurlebaus 2007; Hurlebaus et al. 2001). An orthotropic plate is the
common name for plates that have uniform but different elastic properties in the two
orthogonal directions. In this method the bridge superstructure is represented by an

equivalent orthotropic plate with uniform thickness. Longitudinal stiffnesses are
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calculated based on the composite beam and slab section. Transverse stiffnesses are
calculated based on the deck stiffness alone. This geometric simplification requires that
the beams are equally spaced, which is generally the case in practice (Sanders and Elleby
1970). Considering these assumptions the orthotropic plate behavior satisfies a fourth
order partial differential equation (Timoshenko and Woinowsky-Krieger 1959). Although
this is a way of obtaining the solution, this method requires many approximations to
reduce the three-dimensional complex bridge superstructure to a two-dimensional
constant thickness plate.
2.2.2. Plastic Methods of Analysis (Limit Analysis)
Traditionally theory of elasticity has been widely used because it is relatively simple due
to the assumption of proportional stress and strains, however, this approach cannot
estimate the real behavior or safety at the limit state. Structural materials, especially steel,
may withstand considerable strains beyond their initial yield strain. As a structural
member is loaded beyond yield, the material behaves in a plastic fashion. Once a section
reaches its load capacity it deforms at almost constant load. This ultimate load capacity of
the section is calculated from the material properties in the plastic range. The first critical
section reaches the yield moment while other sections of the structure remain elastic. This
state of the structure results in elastic-plastic deformations that eventually reaches full
plasticity as the loads are increased. When a full mechanism is achieved the collapse load
is reached.

In formulating plastic methods of analysis, there are two main theorems: (1) lower

bound theorem that commonly uses graphical means or simplifying assumptions; and (2)
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upper bound theorem where various mechanisms are assumed with the correct mechanism

having the lowest load (least energy).

2.2.2.1. Beams and Frames

In using the LRFD (load and resistance factor design) approach, beams and frames are
analyzed using elastic methods while the reinforcement for beams and frames is calculated
by strength methods which considers the inelastic properties at the ultimate load. Limit
analysis does not have this inconsistency, and accounts for redundancies and redistribution
allowing more practical reinforcement design. Limit analysis of beams and frames can be
achieved through lower bound graphical methods. All plastic hinges must have adequate
rotation capacity.

The lower-bound analysis implies that the estimated capacity is smaller or equal
to the true load capacity. The starting point of lower bound graphical methods consists of:
(i) drawing moment diagrams for a statically determinate structure; (ii) assigning fixing
moments (the redundant actions); (iii) determining the required plastic capacity which is
the largest moment. Note this may not lead to a complete mechanism hence the solution
is said to be a lower bound.
2.2.2.2. Slabs
Plastic analysis methods for estimating the ultimate capacity of beam and slab bridges
have been used by many designers and researchers in the past. For example, the use of
elastic analysis for estimating highly ductile reinforced concrete bridge deck results in

very conservative ultimate load predictions. The application of plastic analysis for slabs is
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relatively less tedious compared to beams and frames because slabs are generally under-
reinforced and consequently have large rotational capacity. Several practical techniques
have been developed for application of plastic method to slabs such as lower bound strip
methods (Park and Gamble 2000).

Plastic methods of analysis for analysis and design of bridge decks have long been
available but rarely used in US. Limit analysis is particularly useful for investigating the
possible failure modes, behavior beyond yielding, and residual capacity of in-service or
deficient bridges. By investigating certain collapse mechanism, it is possible to detect
undesirable collapse mechanisms such as shear failure, which is a sudden brittle failure
mode, and adjust the design to get a more ductile behavior and get flexure mechanism at
the ultimate load.

Strip methods for slabs were first developed by Hillerborg (1956). Strip methods
provide lower bound solutions which satisfy equilibrium and yield conditions (moments
are always smaller than or equal to the plastic moment) everywhere in the slab. In contrast
to yield line analysis, strip methods provide conservative (safe) capacity predictions. The
strip method is a practical design method where the reinforcement can be designed without
any iterative process. Wood et al. (1968) later evaluated and improved the method
regarding continuity conditions. Armer (1968) conducted an experimental study where
half-scale slab specimens designed using strip method were tested. It was concluded that

the strip methods consistently produce safe designs.
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2.2.3. Computational Nonlinear Finite Element Solutions
Physical systems are generally modeled using differential equations and corresponding
boundary conditions. For real world problems, such as complex structural shapes
including material nonlinearity, it is most of the time impossible to get a closed form
analytical solution. It is a common practice to seek solution using approximate and
computational methods such as finite difference, finite volume and finite elements. Finite
element method (FEM) is the most widely used technique due to its generality, versatility
and applicability to various differential equations. FEM is particularly useful for analyzing
complex geometries, loadings and material properties, which is generally the case in real
physical problems. In FEM modeling approach the structure is approximated with set of
elements having simple geometries such as triangles and rectangles. Each element satisfies
the differential equation of the problem in hand and has the material properties of structure,
which forms the element stiffness relation. These elements are connected at their nodes to
form the global stiffness relation for the whole structure creating set of algebraic relations.
Although it is not possible to clearly identify the inventor of FEM, (Turner et al.
1956) generalized the direct stiffness method and created FEM that was used in everyday
engineering problems starting in aerospace engineering. Later Ed Wilson developed the
first open source computer program in FOR-TRAN |1 (1958) using IBM 704. Wilson's
work provided the basis for most of the early FEM programs. In 1950s and 1960s the FEM
technology was transferred from aerospace engineering to wide range of engineering

applications by J. H. Argyris (1960), R. W. Clough (1956), and H. C. Martin (1956).

14



2.3. Fatigue and Fracture in Bridges

Traffic loads on bridges causes stress cycling. Repeated stress cycling accumulates
damage that may initiate fatigue cracks. If left unattended the fatigue induced cracks grow
and lead to unstable growth and eventually fracture the material. Fatigue damage is
prevalent in metal structures and particularly steel bridges. High cycle fatigue failure is
common in or near the connection of metal bridge components. Older metal bridges,
whether they be constructed from wrought iron or steel commonly show signs of distress
at riveted connections. More modern steel bridge structures have a propensity for fatigue
failure at or nearby welded connections. This subsection commences by outlining some
classical fatigue and fracture failures. Then goes on to describing how fatigue problems
are categorized by design in accordance with AASHTO LRFD Specifications (2014). In
particular, fracture critical structural systems and how such systems are dealt with, by
design is discussed.

2.3.1. Fatigue and Fracture Failures in Bridge Structures

Scheffey (1971) investigated the failure of the collapse of the Point Pleasant Bridge
(Figure 2.1) in December 1976 and reported that the collapse was due to failure of a single
eye-bar connecting the suspension chain. The Point Pleasant Bridge, also known as Silver
Bridge because of her silvery painted aluminum color, in West Virginia over the Ohio
River was opened in 1928. The Silver Bridge was “nearly 2,235 ft long, including a main
span of 700 ft and two side spans of 380 ft each” (Witcher 2017). The bridge design first
called for conventional wire cables but was later modified to use eye-bar chains since they

were less expensive. The Silver Bridge was the first eye-bar suspension bridge in the
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United States and after nearly 40 years in use and a significant change of the vehicle loads,
the bridge collapsed during the evening rush-hour with the result that 46 people died and
9 were injured. (Witcher 2017). Although the bridges that were constructed before 1985
did not have strict fatigue and fracture requirements, there are very few examples of failure

in US and the Silver Bridge was one of them.

Figure 2.1: Silver Bridge after the collapse in 1967 (Reprinted from NTSB 1971)

Barker and Puckett (2013) describes two critical bridge collapses that led to the
development of more strict code provisions. All the other crashed bridges since 1950
collapsed because of other unforeseen events such as accidents of vehicles, ships or natural
disasters. The total collapse of the Silver Bridge had a big influence on the design,
selecting materials and fabrication on future bridges and the inspection of non-redundant

bridges in the United States. In 1968, the National Bridge Inspection Standards (NBIS)
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were inaugurated under the Federal-Aid Highway Act which prescribes, that the time lag
of an inspection of a bridge should not exceed two years.

The Mianus River Bridge, seen in Figure 2.2, was the second bridge which
collapsed (1983) due to fatigue of the material. The Mianus River Bridge was a “pin and
hanger” design bridge, which was commonly used in the year of construction because of
the cheaper construction costs and collapsed after 25 years of service. Due to corrosion of
storm drains which were installed ten years before the collapse, the pin and hanger
assemblies moved and shifted the weight to the outside hanger which had to carry all the
weight, resulting a fatigue crack. This fatigue crack caused the hanger to separate from the
upper pin and subsequent the span of the bridge collapsed and the span fell down into the
river. The Mianus River Bridge disaster could have been avoided because it had regular,
but insufficient inspections. After the collapse of the Silver Bridge over the Ohio River,
the Mianus River Bridge was inspected 12 times with the last inspection only 1 year before
the collapse, but the inspectors only inspected the bridge visually from the ground with
binoculars so that they could not identify the lateral displacement of the hangers. They
noted “heavy rust on the top pins from water leaking through the expansion joints”, but

this was not relevant enough to foresee the collapse.
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Figure 2.2: Collapse of the Mianus River Bridge (Reprinted from Fisher 1997)

After the publication of AASHTO guidelines for fracture critical members (FCM),
the steel manufacturing industry and structural engineers adopted them successfully.
Therefore, fatigue and fracture failures are very rare in the last 35 years (Connor et al.
2005). Note however, that both the Point Pleasant Bridge and the Mianus River Bridge,
were constructed before the implementation of FCB inspection program. There have been
several FCBs that have experienced partial or full depth fracture in the last 40 years. They
were generally identified during periodic inspection but did not result in a collapse or loss
of life. Apparently secondary elements such as the deck, cross bracing, or diaphragm
helped to particularly redistribute the load to other members.

Several total member failures of twin girder bridges indicated that two girder
bridges offer somewhat of a redundant load path while they are all declared as fracture
critical because of their composition. In May 1975, one of the main girders of the Lafayette
Street Bridge over the Mississippi River in St. Paul, Minnesota was discovered by the

Minnesota Department of Highways inspection personnel (now Minnesota Department of
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Transportation) to have a full depth fracture (Fisher et al. 1977). The crack was due to a
fatigue crack and as a result the bridge did sag 6.5 in. (165 mm) but did not collapse
(Connor et al. 2005).

In January 1977, a tugboat captain discovered a large crack in a girder of the 1-79
Glenfield Bridge over the back channel of the Ohio River. After spotting the damage, the
crack was observed to move up the web to the bottom of the flange in about one hour.
Figure 2.3 shows the full depth fracture of the girder. Obviously, the bridge had a

redundant member which carried the load of the broken girder.

Figure 2.3: Cracked girder of the 1-79 Glenfield Bridge in 1977 (Reprinted from
Fisher 1984)

A similar case was spotted in 2003 by a bird watcher who discovered a crack in a
girder of one of the six girders of the 1-95 Brandywine River Bridge. The last full
inspection was less than half a year before the crack was discovered and at the time “no
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evidence of fatigue cracks on the fascia girder was reported” (Chajes 2005). Directly after
the confirmation of the crack, the Delaware Department of Transportation closed the
bridge. However, all the three given examples of girder bridges did not result in a collapse
and provide evidence, that two-girder bridges feature some redundancy in load path even
though they are classified as fracture critical.

2.3.2. Addressing Fatigue Problems by Design

Fatigue is the structural damage of the material due to repeatedly applied loads. The
damage occurs, when the material is exposed to cyclic loadings and the maximum load
which initiate such a damage may be much less than the capacity of the material which is
usually called yield stress limit. The material may experience progressive brittle cracking
far below its yield stress due to the cyclic loadings. Cyclic loading is the repeated loading
and unloading of the material and the first microscopic brittle cracks develop where there
are stress concentrations.

Much experimental research has been conducted to identify crack initiation
(fatigue) and fracture propagation (fracture mechanics). However, all research and
simulations on crack initiation are modeled on a macroscopic scale and the first voids
become visible at the size of 1 um (Belak 1998). That indicates that the nucleation of tiny
voids during the fatigue process is microscopic start before they may be identified. Fatigue
has a significant influence on the life time of the structure because if the crack reaches a
critical size, the crack size may increase rapidly and the structure will fracture.

Fracture is the separation of a structural member into two or more independent

pieces due to excessive stress or fatigue. The ductile fracture is the extensive permanent
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plastic deformation ahead of the crack and the deformation is stable during the applied
stress unless the load is increased. Most metal fractures may exhibit ductile characteristics
when the applied load is increased continuously. First the metal will deform elastically
and will return to its original state, when the applied load is removed until the yield point
is reached. After exceeding the yield point, the curve typically decreases due to dislocation
(Cottrell and Bilby 1949) and then the material will deform plastically until the ultimate
strength is attained. The rupture of structural steel occurs after reaching the ultimate
strength and passing the necking period where the strain concentrates disproportionally in
a small region of the material. The second type of fracture is the brittle fracture and that is
how ceramics, cold metals or ice break. Brittle fractures are characterized by possessing
little or no plastic deformation. The crack appears quickly without an increase of the
applied load and is unstoppable.

A fracture initiated via fatigue stress cycling may also mean that brittle failure has
progressed through to unstable fracture propagation with the maximum (average) stress
well below the yield stress limit. Therefore, fatigue design specifications for steel bridges
were developed in 1970s as a result of research studies conducted as part of an NCHRP
project (Fisher 1970; Fisher et al. 1974). The use of floor beams or diaphragm plates
connected to the flanges became the requirement in fatigue design specifications by 1985.
These fatigue design specifications were adopted in AASHTO LRFD Specifications in
1998 (AASHTO 1998). Modern steel bridges that were built after 1985 possess high level
of reliability in terms of fatigue due to current design and detailing requirements according

to fatigue design specifications. Fatigue problems in bridges that were built according to
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current fatigue design provisions were typically due to design errors or unintended
behavior.

AASHTO fracture control plan has two main aspects; (1) strict controls during the
design and construction to prevent structural flaws and to assure sufficient material
toughness, (2) detailed inspection requirements to ensure that the defects are detected and
repaired on time. The requirements for the manufacturing of steel girders and material
toughness specifications assures high standards for modern bridges. In addition, high
performance steel offers superior toughness, which could reduce the need for some strict
provisions for FCMs (Dexter et al. 2004). On the other hand, the second aspect of
AASHTO fracture control plan for the hands-on inspection highly restrictive provisions
even for newly built steel bridges. Although this strict inspection protocol may be
necessary for older bridges that were built before 1985, current fracture control plan does
not differentiate between the modern bridges and old bridges. A lot of the modern steel
twin I-girder or twin tub girder bridges fall into a “fracture critical” category.

2.4. Redundancy

The structural engineering community has realized the importance of redundancy in steel
bridges after the total collapse of the Silver Bridge in West Virginia in 1967 due to failure
of a single eye-bar connecting the suspension chain (Scheffey 1971). Code provisions and
safety requirements were then modified for bridges susceptible to a fracture critical
condition, where the failure of one member may lead to total collapse of the bridge. The
concept of redundancy and definition of fracture critical members (FCM) was first

introduced into the AASHTO Standard Specifications for Highway Bridges (1979) after
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the release of AASHTO Guide Specification for Fracture Critical Non-Redundant Steel
Bridge Members (1978). However, the definition of redundancy and fracture critical
members was vague and there remains no clear guidance on quantifying the level of
redundancy. A fracture critical member is defined as a “component in tension whose
failure is expected to result in the collapse of the bridge or the inability of the bridge to
perform its function” in the current AASHTO LRFD Bridge Design Specification (2012)
but there are many other definitions such as “a steel member in tension, or with a tension
element, whose failure would probably cause a portion of or the entire bridge collapse.”
in the National Bridge Inspection Standards (NBIS) (Lwin 2012).

Most of the US and Canadian DOTSs use the AASHTO or the NBIS definition for
redundancy (Connor et al. 2005). In general, slab-on-girder type bridge superstructures
are considered redundant when they have at least three girders, which is based on a load-
path consideration. This approach is quite conservative and does not take into account
lateral distribution of loads through secondary elements from a damaged member to an
undamaged member. In addition, internal redundancy and structural redundancy has not
been taken into account for redundancy assessment. Early redundancy studies between the
1970’s and late 90’s were conducted to develop tools for evaluating and measuring the
redundancy levels in structural systems. The following summarizes several early studies
conducted following the release of the AASHTO Guide Specifications (1978) in which
non-redundant bridges were defined as “structures where the failure of one member could
cause collapse.” However, no objective way of measuring redundancy was introduced to

define redundancy.
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Some twin girder bridges are likely to withstand service loads after the fracture of
one member due to internal redundancy or alternate load paths such as bracings. One of
the earliest studies about the internal redundancy was carried out by Sweeney (1979). The
author points out that riveted built-up members may provide internal redundancy; riveted
members are not as critical as welded members in case of a fracture. Therefore, these
differences should be identified to better quantify post-fracture redundancy. Sweeney
(1979) suggested that providing a redundant load path or a component redundant structure,
such as in the case of riveted built-up structures, may be required to avoid fracture failures.

Numerous other studies have focused on post-fracture behavior by considering the
alternative load path provided by bracing. Heins and Hou (1980) and Heins and Kato
(1982) evaluated two girder steel bridge behavior after the major fracture of a girder. The
findings suggest lateral bottom bracing and cross bracing effectively transfer load to intact
members creating additional post-fracture redundancy.

In the 1980 s researchers tried to develop guidelines and provisions to better define
the redundancy of a bridge in the event of a full-depth fracture of a member. One of the
early attempts was the study by Parmelee and Sandberg (1987). Their study suggested a
more objective criteria and provisions should be developed to define redundant live load
levels, allowable stress and deflection limits after the fracture of a member in a non-
redundant system.

Frangopol and Curley (1987) performed an analytical study in an effort to identify

the effect of redundancy on the reliability of a bridge system. The authors defined
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redundant factors, or math mode, for intact and damaged structures in order to quantify

residual capacity.

L:

R2= intact (2.1)
Ldesign
L

R3= damaged (2.2)
Lintact

QO = R.R. = Ldamaged (2 3)
273 Ldesign .

Where R, = reserve redundant factor; R; = residual redundant factor; Liyiqce =
load carrying capacity of the intact structure; Lges;gr, = design load; and Lggmqgeqa = l0ad
carrying capacity of the damaged structure. The product of the reserve capacity and the
residual capacity is a measure of the structure’s reliability. It was suggested that math
mode-factors may provide a deterministic way of measuring overall system strength.

Daniels et al. (1989) carried out a detailed analytical study investigating the
redundancy of simple span and continuous steel twin girder bridges with bracing systems.
A fracture was assumed emanating from the bottom flange up the entire depth of the webs,
but not into the compression flange. The post-fracture behavior of twin girder steel bridges
was evaluated in significant detail, guidelines provided for assessing the redundancy
through 3D analytical models or finite element method (FEM) analysis of an as-built
structure with properly modeled bracings. It was concluded that twin girder steel bridges

with properly designed bracing are capable of providing significant redundancy following
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a near full-depth failure of one of the girders. Although the bracing may not be designed
for redundancy, the bracing may provide a secondary load path following the fracture of
one girder. The authors suggested that a redundancy rating based on 3D analytical models
or computational FEM analysis may be used to develop a redundancy rating.

Ghosn and Moses (1998) defined redundancy as “the capability of a bridge
superstructure to continue to carry loads after the damage or the failure of one of its
members.”. A bridge system may be declared as safe if it satisfies four criteria. First, the
system has to provide an appropriate safety level against member failure. Second, the
system capacity of the bridge may not reach its maximum under extreme loading
conditions. Third the bridge may not deform largely under expected loading conditions
and last the bridge has to be able to carry some traffic loads after the failure of one of its
members.

Ghosn and Moses (1998) also set objective criteria for estimating the residual
capacity of bridges and provide guidelines accordingly. Their proposed approach utilizes
statistical system factors to assess the level of redundancy of a member. Therefore, the
overall system behavior is considered rather than individual components. Current code
requirements generally ignore the system effect and considers load-path redundancy
resulting in a conservative consideration. This research suggested system factors that
provide sufficient level of redundancy for structural safety under service load conditions
when the system reserve ratio for damaged condition is greater than 0.5 which means that

the bridge capacity must be more than 50% of the capacity of the critical member.
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R, =
7 LF,

(2.4)

Where R, = system reserve ratio for the damaged condition; LF,; = the capacity of
the bridge before failure of any member using elastic analysis; and Lf,; = the capacity of
the damaged bridge before reaching ultimate load. Although the proposed approach has
been used by different agencies and bridge designers, it has not been adopted into national
bridge design specifications.

Connor et al. (2005) carried out a synthesis study as part of National Cooperative
Highway Research Program (NCHRP) Report 354, which focused on the inspection and
maintenance of fracture critical bridges since the manufacturing costs were found to be
small compared to mandated fracture critical inspection. As of 2005, they noted that
around 76 percent of all FCBs were built prior to 1978. Eleven percent of all bridges in
United States have FCM designation and 83% of these bridges are two-girder-bridges or
two-line-trusses and 43% of the FCM are riveted members (Connor et al. 2005). The
authors suggest that designers focus on a target reliability level rather than a redundancy
level. They suggested that it is possible to achieve target reliability for a non-redundant
bridge by providing about 17% conservatism in the design. One of the major contributions
of this synthesis study was the compiled field information about the fracture incidents.
Only two bridges, the Point Pleasant Bridge (constructed in 1928) and Mianus River
Bridge (constructed in 1957) had a total collapse due to fracture.

A technical memo with the subject “Clarification of Requirements for Fracture
Critical Members,” (Lwin 2012) points out the shortcomings of current redundancy

definitions and recognizes the system level performance as a way of evaluating
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redundancy. The concept of redundancy is critical for bridges because non-redundant
bridges are classified as fracture critical. Although the term “redundant” is very intuitive
for most structural engineers, there is no clear definition for measuring the redundancy
level of a bridge superstructure. AASHTO LRFD describes redundancy as “the quality of
a bridge that enables it to perform its design function in a damaged state.”

Three different types of redundancy are defined (FHWA NBIS 2012):

a) Load Path Redundancy

b) Structural Redundancy

¢) Internal Redundancy

A structure may be classified as redundant if it satisfies one or more of these
redundancy criteria. Each of these are discussed in the following paragraphs:

Load-path redundancy is relatively easy to identify because these bridges having

more than two girders are designated redundant, but some agencies even require four or
more load carrying girders to be contemplated as load-path-redundant. If one of the girders
would completely fracture or may not perform its task, the load would be redistributed to
the neighboring girders and the bridge would be safe from a total collapse. Load-path
redundancy simply considers parallel primary load carrying members, which may be
girders or trusses.

Structural redundancy is a function of static indeterminacy of the entire structure,

which may be due to continuity of the bridge over interior supports or sometimes due to

secondary members such as the deck. Continuous multiple span-bridges possess structural
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redundancy and in case of a failure of one beam member, some load is redistributed from
one span to another for which reason a total collapse of the bridge may be minimized.

Internal redundancy may be provided by member detailing to prevent fracture

propagation through the entire cross-section. Internal redundancy exists in built-up
members which have multiple parallel plates and other structural components within a
member. A member is internally redundant if it has three or more similar elements
connected together. If one of the elements fail, the load may be redistributed to the other
elements and the member will not fail. Internal redundancy may be abolished when the
member has to be repaired by welding the elements together. Welded members carry the
load path from one member to the other and may be considered as one single member. In
general, redundancy is determined considering alternative load paths for the purpose of
identifying fracture critical bridges (FCB). However recent experimental and analytical
research has shown that certain bridges identified as non-redundant may have sufficient
reserve capacity due to 3D system behavior and transverse load distribution through
secondary load paths, such as the deck slab and/or cross-frames.

FCB designation have two main aspects: (1) design/fabrication requirement; and
(2) inspection protocol. Currently FCM's require 24-month inspection criteria and stricter
fabrication requirements to meet the American Welding Society (AWS) Bridge Welding
Code requirements. These requirements are collectively called the Fracture Control Plan
(FCP). Although FHWA (2012) allows the use of rigorous analysis and consideration of
system level redundancy for the inspection of in-service bridges, this approach is not

allowed for fabrication protocols of steel twin tubs. Therefore, for fabrication, redundancy
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should be decided based on load-path redundancy and non-redundant tension members
should conform to AASHTO LRFD, FCP and AWS. This new classification is defined as
a System Redundant Member (SRM): “A member that requires fabrication according to
the AWS FCP, but need not be considered a FCM for in-service inspection.”

2.5. Fracture Critical Investigations on Slab-on-Steel Girder Bridges

Steel twin I-girder bridges are a popular system of construction used for both straight and
curved bridges; this bridge system is designated as fracture critical due to lack of load path
redundancy (having less than three girder lines). Fasl et al. (2016) investigated the fatigue
response of a fracture critical steel twin I-girder bridge, which was built in 1935 over
Medina river on IH-35. The bridge has been featuring fatigue cracks along the weld at the
top flange and lateral beam connections. The bridge was instrumented using strain gage
and crack propagation gauges along the existing fatigue cracks. The behavior and crack
propagation was monitored during rush hours. Due to extent of the fatigue cracks the
girders were strengthened by installing bolted cover plates at critical locations. The
behavior was also monitored after the installation of bolted cover plates. The authors
monitored the bridge for more than two months before strengthening and estimated the
residual fatigue life of the structure. The bridge was also monitored during and after the
strengthening. The authors reported that the built-up sections provide some level of
internal redundancy because the fatigue cracks did not propagate into the webs. They also
concluded that the strengthening method reduced the fatigue damage by providing
composite action with the deck and this may be a potential rehabilitation for old bridges

that exceed their original design life expectancy.

30



2.6. Fracture Critical Steel Twin Tub Girder Bridges

Figure 2.4 presents a typical steel twin tub girder bridge of the type that has become
popular in Texas because they offer a solution for long-span and/or curved highway
bridges in addition to providing an aesthetic structural option. Steel twin tub girder bridges
consist of two steel girders which are the primary members for transmitting the dead load
and live load to the substructure. On the other hand concrete deck and stringers are
secondary members that create a load path between girders (Daniels et al. 1989). Because
of their fracture critical designation, steel twin tub girder bridges require a hands-on
inspection every 2-years. This rigorous inspection may include the testing of welds,
nondestructive evaluation and visual assessment. Procedures of nondestructive evaluation
of steel members may “include dye penetrant, magnetic particle, or ultrasonic techniques”
(TxDOT 2013).

Most bridges in the Texas FCB inventory are steel twin tub girders, which
automatically fall into the fracture critical category because of two girder lines. Field
testing of in-service bridges and experimental testing of full-scale bridges under controlled
loading help to build up experimental data in order to assess the reliability level after the
fracture of a load carrying member. Furthermore, this data enables researchers to verify
different modeling approaches and develop modeling standards for evaluating redundancy
levels due to internal redundancy, structural redundancy or alternative load distributions
through secondary members.

Coletti et al. (2005) provided guidelines and preliminary design suggestions for

the design of steel tub girder bridges including preliminary sizing and spacing
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considerations. They also discussed possible design issues, available analysis tools and
detailing of tub girders. The authors stated that steel twin tub girders are economical
between a span range of 150 to 500 ft, permitting also tight radius of curvature solutions

and good aesthetics owing to the simple clean lines.

Figure 2.4 Steel Twin Tub Girder Bridge |1 35/US 290 Interchange, Austin, Texas
(Reprinted from Coletti 2005)

Hunley and Harik (2012) investigated the effect of various secondary structural
components for developing load transfer paths for one member of a twin steel tub bridge
fails using a parametric non-linear finite element analysis. The variables that were studied
in this investigation included location of damage, continuity, and span length. A load
transfer mechanism from a fractured girder to the intact girder should develop in order to

have a measure of redundancy. Figure 2.5 shows that for steel twin tub superstructures, it
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is only possible through concrete deck and/or external cross-frames. If the deck fails
progressively following the failure of a girder, one should not rely only on the deck for
lateral load transfer.

Hunley and Harik (2012) analyzed 33 bridge configurations to investigate reserve
load capacities following fracture of one member. The fracture of one of the girders was
modeled by reducing the stiffness of bottom flange line element and the web shell element.
The damaged condition of the deck was modeled by reducing the stiffness of individual
finite element when they reach crushing strain. Redundancy levels of the analyzed bridges
were calculated using the damaged condition capacity, R, as defined in NCHRP Report
406. The authors determined the capacity of the damaged bridge should be at least 50%
of the capacity of the undamaged bridge to be classified as “redundant.” Based on the
assessment of redundancy levels of all analyzed bridge geometries, the authors concluded
that a progressive failure of a bridge deck results in insufficient load capacity to meet the
minimum redundancy level. It was also noted that girder continuity increases redundancy.
The authors also concluded that the external bracing is the key parameter for providing

sufficient redundancy as seen in Figure 2.5.
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(b)

Figure 2.5. External bracing types: (a) K-type cross-frames; (b) solid diaphragms
(Reprinted from Hunley and Harik 2012).

Barnard et al. (2010) recently investigated steel twin tub girders performance as
part of TXDOT Project 9-5498. The study included extensive laboratory testing, with the
experimental investigation of a full-scale box-girder bridge together with comprehensive
computational modeling. The major objective of the research was to evaluate the behavior
of twin box girder bridges after the fracture of one girder and provide guidelines for
modeling the post-fracture response. The tested bridge was simply supported; therefore, it
did not have the structural redundancy that often exists for continuous multiple span
(indeterminate) bridges. External braces that could contribute to load distribution in the
damaged bridge were removed based on TXxDOT practices. The authors conducted three
tests at different damage states using different loading conditions. During the first test a
sudden fracture was created at the mid-span of bottom flange of the exterior girder using
charge explosives while an equivalent HS20 load was placed directly above the fractured
girder. The bridge deflected less than one-inch. The second test was conducted under

similar loading but this time a sudden full-depth fracture was created on the external
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girder. The fractured external girder deflected 7 in. but could still support the service load.
The third test was the ultimate load test while the exterior girder had full-depth fracture.
The bridge could still carry more than five times the legal truck load. It was concluded
that the prominent failure mode was initiated by pull-out of shear studs in the deck
followed by crushing of the reinforced concrete deck.

The effect of different parameters including radius of curvature, railing and
continuity were also considered in the tests and analysis. The effect of the railing
significantly reduced the deflection while increasing the tensile forces on the stud
connections. Therefore, ignoring the railing is not necessarily conservative in a
redundancy analysis. The results also showed that the decrease in the radius of curvature
resulted in an increase in the vertical deflection of the damaged girder. Based on
experimental testing it was observed that the damaged bridge performed with sufficient
redundancy to redistribute and continue to carry the very high applied loads.

Samaras et al. (2012) proposed a simplified method for evaluating the redundancy
of twin steel box-girder bridges based on the work conducted as part of TXDOT Project 9-
5498. The suggested method proposes initial strength check and yield line analysis for
evaluating the remaining strength of the damaged bridge. A three level redundancy check
was recommended:

(i) The initial strength check (ISC) of the bridge with intact girder is conducted. If
the moment and shear strength is adequate and the deck has adequate shear capacity, the

bridge can be called redundant.
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(ii) If the initial strength check is not satisfied, a yield line analysis (YLA) can be
performed. ISC cannot be used if the shear studs pull out from the deck concrete. Figure
2.6 depicts the surveyed deck deflections and assumed elastic plate displacements based
on the actual failure shape. A vyield line pattern was developed based on the observed
failure shape. It was concluded that the assumed vyield line could be used for fractured
steel twin box girder bridges for estimating the ultimate load if shear studs pull out. Both
ISC and YLA are conservative and convenient methods to quickly evaluate the
redundancy level of fracture critical bridges. It was concluded this method can provide
information about the mode of failure that can help identifying the remaining capacity of
the bridge with a fractured girder.

(iii) If YLA also shows inadequate capacity then more sophisticated nonlinear

computational methods such as finite element must be used.

Figure 2.6. FSEL Bridge test: (a) Surveyed deflections and assumed yield line; (b)
Damaged deck after test (Reprinted from Samaras et al. 2012).
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Kim and Williamson (2014) developed finite-element modeling guidelines for
evaluating the redundancy level of steel-twin tub bridges. This study was also conducted
as part of TXDOT Project 9-5498. Their proposed modeling approach considers
nonlinearity due to concrete cracking and crushing, as well as steel yielding. In addition,
shear stud connection failure mechanism was also considered in the FEM model as stud
connection failure may significantly affect redundancy. The pullout behavior of the
embedded shear studs was evaluated through laboratory tests (Mouras et al. 2008; Sutton
et al. 2014). A shear stud failure mode was observed during the second test where the
girder had full depth fracture. The FEM models successfully estimated the bridge
component failures. Both the test and FEM analysis suggested that the bridge had greater
redundancy than defined by current code provisions.

After verifying the modeling approach, Kim and Williamson (2014) analyzed
several other bridge configurations using the same modeling approach to investigate the
remaining load capacity following a full-depth failure of one member. They concluded
that the shear stud connection behavior is one of the important parameters for capturing
the failure mode correctly and evaluating the redundancy level.

2.7. Research Questions Arising
In light of the foregoing survey of the state-of-the-art and state-of-the practice for fracture
critical bridges in general and steel twin tub girder bridges in particular, certain lingering
questions remain that will be addressed in this research as follows:

1. Is it possible to identify redundancy levels of existing and future steel twin tub

girder bridges in order to classify them as non-fracture critical?
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Do existing steel twin tub girder bridges have adequate capacity following the
fracture of one box member?

Is it possible to develop reliable and easy to implement analysis criteria using
grillage analysis?

It is possible to develop reliable an easy to implement analysis criteria using

grillage analysis?
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3. PARAMETRIC STUDY FOR STEEL TWIN TUB GIRDER BRIDGES USING
NONLINEAR FINITE ELEMENT ANALYSIS*
3.1. Introduction
The chapter deals with a parametric study that includes the selection of 15 typical steel
twin tub girder (STTG) bridges from the Texas bridge inventory, validating a FEM model
to results obtained in TXDOT project 9-5498 (Barnard et al. 2010), and computational
modeling of selected bridges using finite element method (FEM).

The current study investigates the performance of existing fracture critical steel
twin tub girder bridges in the case of a full depth fracture of one of the girders. Therefore,
a total of 15 steel twin tub girder bridges were selected by considering different span
lengths, different degrees of curvature, and the effect of continuity. These parameters are
considered to be critical geometric parameters for evaluating the bridges’ response in
terms of load distribution between girders.

The subsequent section presents the Texas steel twin tub girder bridge inventory
and shows distribution of span lengths and curvatures for all STTG bridges.

3.2. Evaluation of TxDOT Steel Twin Tub Bridge Inventory
3.2.1. General
It is important to select the bridges that are representative of existing STTG bridge

inventory. This selection is done using range of critical parameters that represent current

* Part of this chapter is reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges
Technical Report” 0-6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas
A&M Texas Transportation Institute, 33-142, Copyright 2018 by Texas A&M Texas Transportation
Institute
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STTG bridges in Texas. The critical parameters were identified as span length, radius of
curvature and continuity based on literature and input from TxDOT. The distribution of
these three key parameters were investigated while selecting the 15 bridges for the
parametric study.

3.2.2. Distribution of Texas STTG Bridges

The span length is one of the key parameters that can affect post-fracture behavior, overall
flexural demand, and load distribution. The relatively high flexural strength of steel tub
girders offers long span ranges up to 500 ft. An efficient lower span length is limited to
150 ft due to the 5 ft minimum web depth suggestion, which is for providing accessibility
during inspection. Although very long spans have been achieved, most of the steel twin
tub bridges are typically between 150 — 300 ft in length. Figure 3.1 presents the histogram
of maximum span lengths for Texas STTG bridges. Majority of STTG bridges have

between 150-300 ft span lengths with a median value of 210 ft.
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Figure 3.1. Distribution of Texas STTG Bridges by Maximum Span Length
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Another important parameter is the horizontal curvature. Although steel tub girders
can be used for straight bridges, they offer a great advantage for curved bridges due to
their superior torsional stiffness. They can achieve extremely tight curvatures, up to
0.0067. The range of horizontal curvature may be considered from tangential to 150 ft
radius. The flexural bending load demand on the outside girder increases as the curvature
increases. Therefore, curvatures of STTG bridges were considered as one of the key
parameters for the bridge selection process. Figure 3.2 shows the distribution of Texas
STTG bridges by curvature. Most STTG bridges in Texas have curvature values between

0.0007 and 0.0016 with a mean curvature of 0.00123.

Number of Bridges

Curvature

Figure 3.2. Distribution of Texas STTG Bridges by Curvature
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The third parameter of importance is continuity, which generally improves residual
capacity due to structural redundancy inherent to continuous bridges. Most STTG bridges
are classified as fracture critical based on load-path redundancy which only considers
lateral load distribution hence, categorizing bridges with less than three girders as fracture
critical. However, structural redundancy due to continuity can contribute significantly to
longitudinal distribution of the load hence, improving the flexural capacity. Therefore,
different numbers of continuous spans including simply supported, two span continuous,
and three span continuous bridges were considered in order to assess the effect of
continuity on the level of redundancy. Figure 3.3 provides a histogram for the distribution
of STTG bridges in terms of number of continuous spans. Most STTG bridges have three

continuous spans followed by two span continuous bridges.
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Figure 3.3. Distribution of Texas STTG Bridges by Number of Continuous Spans
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The above listed three key parameters were evaluated to come up with a range of
radii of curvatures, span lengths, and number of continuous spans that represent most
Texas STTG bridges. Table 3.1 lists the range of selected parameters that are considered

for the FEM models for the parametric study.

Table 3.1 Range of Parameters Considered for the Bridge Selection

Parameter Range

Span Length, L 100 — 300 ft

Curvature, R 0 —0.006

Continuity Simple, Two and Three Spans

3.2.3. Selection of Fifteen Representative Steel Twin Tub Girder Bridges
The investigation of the histogram for number of continuous spans suggests that majority
of selected bridges should be three-span continuous followed by two-span continuous and
simple span bridges. These three groups represent all that is necessary to evaluate the
structural behavior as they cover simple span, exterior and interior spans of continuous
bridges. A total of 7 three-span continuous, 5 two-span continuous, and 3 simple span
bridges were selected based on the distribution of Texas STTG bridges by number of
spans.

Span length versus curvature scatter plots were created for simple, two-span, and
three-span bridges (Figure 3.4, Figure 3.5 and Figure 3.6). The scatter plots were then
grouped using k-means clustering which groups data points using the squared Euclidean

distance measured. Clustering scattered data points helps to identify different data groups
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with multi parameters. The solid red line shows where the span length to radius ratio is
equal to 0.3 ft. For closed box and tub girders the effect of curvature may be ignored in
the analysis for determination of the major-axis bending moments and bending shears if
for all spans the arc span divided by radius is less than 0.3 radians, girders are concentric
and bearings are not skewed (AASHTO 2014). The black circled points are the selected
bridges for that specific category. The selection procedure followed two main criteria; (1)
bridges from different clusters having similar curvature values but different span lengths,

(2) bridges from same cluster having similar span length but different curvature.
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Figure 3.4. Span vs Curvature Scatter of Simple Span STTG Bridges in Texas
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Figure 3.6. Span vs Curvature Scatter of Three-Span STTG Bridges in Texas

Figure 3.4 shows the scatter plot with selected bridges for simple span STTG
bridges. Three simple span bridges were selected for parametric study; one bridge with
small curvature from the short span cluster, another two bridges with small and large

curvatures from the long span cluster. Similarly, Figure 3.5 presents the scattered
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distribution of span length-curvature data and selected bridges for two span STTG bridges.
A total of five two span bridges were selected for the parametric study; from different span
length groups having various curvature values. Figure 3.6 presents clustered scatter of
span-curvature data and selected bridges for three span STTG bridges. Four bridges from
different span clusters ranging from short to long spans, and another three bridges from
the medium span cluster having small medium and large curvatures were selected.
Table 3.2 lists the selected Texas STTG bridges with their span length radius of curvature

and continuity information. Full plans for all 15 bridges are locates in Appendix A.

Table 3.2 Main Geometric Properties of Selected Texas STTG Bridges

B,r\'lg'?’e Bridge ID Span 1 (o) S‘z:i_‘g 2| span 3 (ft) Clﬁf‘/g;ﬂfe"{ﬁ)
1 12-102-3256-01-403 | 2205 i i 573.0
2 12-102-0271-17-530 115.0 i i 1909.9
3 12-102-3256-01-403 | 230.0 i i 22073
4 12-102-0271-07-637 1320 | 1282 i 195.0
5 | 14-227-0-0015-13-452 | 1400 | 139.6 i 450.0
6 12-102-0271-07-575 1400 | 1400 i 818.5
7 12-102-0177-07-394 | 2189 | 189.7 i 763.9
8 12-102-0271-06-661 | 2650 | 2950 i 8815
9 12-102-0177-07-394 | 1395 | 1514 | 1256 763.9
10 | 14-227-0-0015-13-450 | 1480 | 2650 | 1896 716.2
11| 12-102-0271-07-593 | 2230 | 3660 | 2350 818.5
12 | 12-102-0271-07-639 1400 | 1800 | 145.0 225.0
13 | 14-227-0-0015-13-452 | 1515 | 1900 | 1515 450.0
14 | 18-057-0-0009-11-460 | 1500 | 1900 | 150.0 1010.0
15 | 12-102-0271-06-689 | 2000 | 2950 | 200.0 809.0
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3.3. Nonlinear Finite Element Model of a Steel Twin Tub Girder Bridges

3.3.1. Validation of Finite Element Model

In conjunction with the grillage analysis of the bridges selected from the parametric study,
an accompanying FEM analysis was conducted by Dr. Tevfik Terzioglu as part of the
work completed in TXDOT project 0-6937 (Hurlebaus et al. 2018).

Terzioglu used Abacus to generate a FEM model of the FSEL test bridge in
TxDOT project 9-5498 (Barnard et al. 2010). The FSEL test bridge was 120 foot long
twin tub girder bridge, with a deck width of 23 feet 4 inches and a radius of curvature of
1365 feet. Four different loading conditions were applied to the test bridge. The fist load
case was a HS-20 truck load with a fully intact tension flange and web. The second load
was was a HS-20 truck load with a fractured tension flange but intact web. The third load
case was an HS-20 truck load with fractured tension flange and web. The final load case
was at ultimate loading conditions. Loads were simulated using concrete girders for load
cases 1 thru 3 and sand was additionally used in load case 4.

Elasto-plastic material models were chosen for the for FEM model as to capture
full material nonlinearity of concrete crushing and steel yielding. Appropriate shear stud
and haunch constitutive mechanical models were used to accurately model the behavior.
Compatible finite elements were used to model the various components of the bridge. The
concrete deck and railing was modeled by three dimensional 8-node linear continuum
elements (C3D8). Reinforcing bars were modeled using 2-node truss elements (T3D2).
Steel tub members and intermediate diaphragms were modeled using 8-node quadrilateral

shell elements (S8R). Internal bracing was modeled using first order three dimensional
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beam elements (B31). The boundary conditions were simply supported elastomeric
bearing pads.

The FEM was validated for load cases 2 thru 4. The results for load case 3 can be
seen in Figure 3.7. It should be noted that there is close agreement with the FEM model
and the deflection profile of both the fractured outside girder as well at the intact interior
girder. In TXDOT report 0-6937 it was concluded that the FEM accurately represented

the bridge behavior.
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Figure 3.7 Comparison of FEM deflection profile with test results after web
fracture (Reprinted from Hurlebaus, 2018)

3.3.2. FEM Parametric Study of Fifteen Bridges

Terzlioglu generated an FEM model for each of the 15 preselected bridged from
the TxDOT inventory and obtained the results for the both the intact and complete exterior

girder failure cases. From the results of the bridge models a redundancy level or

overstrenght factor was determined for each bridge and is defined as
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Q= Rq4/Qu (3.1)
where R; = capacity of the damaged bridge, and Q,,= factored load demand. The bridge
can be considered redundant with sufficient reserve capacity when Q > 1.0.

HL-93 loading conditions were applied to bridges which consist of
1.25DL+1.75(HS20+IM)+1.75LL as per AASHTO LRFD Bridge Design Specifications
(2014) where DL, LL and IM represent dead load, lane load, and impact factor,
respectively. Failure is defined by two limit states: ultimate limit state and deflection limit
state. Ultimate limit state is defined by a load at which the fractured bridge drops below 5
percent of the initial stiffness of the intact bridge. The deflection limit state is defined by
two different criteria: (1) a cord rotation of 2 degrees for simply supported and interior
spans; and 3 degrees for exterior spans in the longitudinal direction; and (2) a transverse
deck rotation of 5 degrees. The lowest of the three failure modes controls. The
overstrength factors, as determined by FEM, for all the single span, interior spans, and

exterior spans are located in Table 3.3, Table 3.4, and Table 3.5 respectively.

Table 3.3 FEM Overstrength Factors for Single Span STTG Bridges (Reprinted
Hurlebaus et al. 2018)

ID | Span R L B S | 5% 5° 2°
(ft) | (ft) | (ft) | (ft) | SF | Trans. | Long.
0 1 1300|120 | 23 | 6.0 | 0.86 - 0.91
1 1 573 | 220 | 32 | 95 [ 0.88| 0.82 | 0.82
2 1 |1910| 115 | 26 | 6.1 |1.75| 1.70 1.65
3 1 2207|230 | 39 | 126|088 | 0.85 | 0.87

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges

50



Table 3.4 FEM Overstrength Factors for Interior Spans of STTG Bridges
(Reprinted from Hurlebaus et al. 2018)

ID | Span R L B S | 5% 5° 2°
(ft) | (ft) | (ft) | (ft) | SF | Trans. | Long.

9 2 764 | 151 | 28 | 7.0 | 245| 255 | 250
10| 2 716 | 265 | 30 | 7.7 | 2.05| 1.60 1.45
1] 2 819 | 366 | 28 | 7.0 | 245 | 1.20 1.55
12| 2 225 | 180 | 28 | 7.6 | 2.10| 2.05 1.80
13| 2 450 | 190 | 30 | 93 | 1.75 - 1.40
14| 2 1010|190 | 28 | 6.5 | 2.00 - 1.80
15| 2 809 | 295 | 28 | 8.0 |140| 170 1.50

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges
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Table 3.5 FEM Overstrength Factor for Exterior Spans of STTG Bridges
(Reprinted from Hurlebaus et al. 2018)

ID | Span R L B S | 5% 5° 2°
(ft) | (ft) | (ft) | (ft) | SF | Trans. | Long.

4 1 195 | 132 | 28 | 7.6 | 2.00| 2.30 1.65
4 2 195 | 128 | 28 | 7.6 | 2.03 - 1.73
5 1 450 | 140 | 30 | 9.7 | 150 - 1.20
5 2 450 | 140 | 30 | 9.7 | 150 - 1.20
6 1 819 | 140 | 38 | 9.8 |1.90| 210 1.80
6 2 819 | 140 | 38 | 9.8 |190| 210 1.80
7 1 764 | 219 | 28 | 7.4 | 140 1.20 1.20
7 2 764 | 190 | 28 | 7.4 | 1.75 - 1.45
8 1 882 | 265 | 28 | 84 |0.99 - -

8 2 882 | 295 | 28 | 84 |0.88 - 0.91
9 1 764 | 140 | 28 | 7.4 | 180 | 2.00 1.70
9 3 764 | 126 | 28 | 7.4 | 190 | 2.15 1.80
10 1 716 | 148 | 30 | 7.7 | 1.70 - 1.70
10| 3 716 | 190 | 30 | 7.7 | 1.60 - 1.45
11 1 819 | 223 | 28 | 7.0 | 1.60 - 1.70
11| 3 819 | 235 | 28 | 7.0 | 1.60 1.65
12 1 225 | 140 | 28 | 7.6 | 190 | 1.95 1.60
12 3 225 | 145 | 28 | 7.6 | 1.90| 1.90 1.60
13 1 450 | 152 | 30 | 9.3 | 150 - 1.00
13| 3 450 | 152 | 30 | 9.3 | 150 - 1.00
14 1 |1010| 150 | 28 | 6.5 | 1.80 - 1.65
14| 3 |1010| 150 | 28 | 6.5 | 1.80 - 1.65
15 1 809 | 200 | 28 | 8.0 |1.80 - 1.70
15| 3 809 | 200 | 28 | 8.0 |1.80 - 1.70

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges

52



4. PARAMETRIC STUDY FOR STEEL TWIN TUB GIRDER BRIDGES USING
GRILLAGE METHOD PUSH-DOWN ANALYSIS*

4.1. Introduction

The task at hand consist of a parametric study involving a selection of 15 preselected
typical steel twin tub girders (STTG) bridges from the Texas bridge inventory utilizing a
Grillage Method Push-down Analysis. These 15 bridges are the same bridges evaluated
using the Finite Element Method (FEM) in Chapter 3. The Grillage method employed was
verified using the static ultimate load test results of the STTG bridge tested in Texas
Department of Transportation (TXDOT) research project (Barnard et al. 2010). The
TxDOT project 9-5498 consisted of testing a full scale fracture critical steel box girder
bridge under simulated HS-20 truck loading and at ultimate loading with a full depth
fracture on the exterior girder.

This task evaluates the performance of existing fracture critical steel twin tub
girder bridges in the event of a full depth web fracture of one of the girders. The 15 bridges
that are under evaluation vary with respect to span lengths, degree of curvature, and
continuity. These variables are considered to be the most critical geometric properties for
determining the response of a bridge in reference to load distribution between girders.

Grillage models have been created using the commercial software package

SAP2000 which is a structural analysis program that utilizes the matrix structural analysis

* Part of this chapter is reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges
Technical Report” 0-6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas
A&M Texas Transportation Institute, 195-259, Copyright 2018 by Texas A&M Texas Transportation
Institute
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approach to solve and evaluate structural engineering problems. All of the Grillage bridge
models have used nonlinear elasto-plastic material and hinge properties due to the
nonlinear behavior of the reinforcing bars, steel plate, and concrete during concrete
crushing and steel yielding under ultimate loading conditions. The Grillage models were
analyzed under the factored HL93 live loading model. This loading pattern consists of
HS20 truck loading as well as a uniformly distributed lane load. Per AASHTO LRFD
Bridge Design Specifications (AASHTO 2017), the load demands were
1.25DL+1.75(LL+1M), where DL, LL, and IM represent respectively dead load, live load,
and impact factor.

The bridges evaluated utilizing the Grillage method were analyzed twice: (1)
analysis of the bridge with the intact girder condition, (2) analysis of the bridge with full
depth girder fracture for one of the tub girders. The intact bridge analysis provides
information about the initial stiffness of the intact bridge as well as the overstrength factor
for the nonfractured case. The second analysis is for simulating the ultimate load behavior
when one of the girders are fractured. A predefined overstrength factor was determined
for both the fully intact case and one fractured girder case to assess the load carrying
capacity of both cases under critical loading. The Grillage method allows for load
redistribution from the fractured girder through the lateral deck slab members.

The following section describes the Grillage method and material models used for
all evaluated bridges. The third section gives the load displacement results of the Grillage

models as well as their respective overstrength factor results.
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4.2. Grillage Method Push-Down Analysis

4.2.1. Introduction

The grillage method is a computational variation of the strip method, both of which are
conservative lower bound solutions. The strip method has been employed by designers
due to its ability to quickly generate solutions by hand. Like the strip method the grillage
method models the bridge deck and beam elements as a “grillage” of beams. The
longitudinal grillage members consists of the steel tub girders, the concrete deck with
longitudinal reinforcement, and the guardrail. The transverse grillage members are bridge
deck components with transverse reinforcement.

The grillage method was originally developed in the 1950’s by Lightfoot and
Sawko (1959). Created in the primitive days of matrix structural analysis, the grillage
method was utilized to divide a bridge deck into equivalent longitudinal and transverse
beam members which resembled a grillage. Due to the increase in technological abilities,
through programs such as SAP2000, this method has increased in accuracy. Surana and
Agrawal (1998) studied the grillage method of analysis as it applies to various bridge
types. It was discovered that, when compared with other method of analysis, including
FEM, that the grillage method of analysis was an accurate and valid modeling technique.

Grillage models of the preselected 15 bridges were created and analyzed using the
structural analysis software SAP2000 version 19 (Computers and Structures 2017). The
grillage models should capture the constitutive material behavior and boundary condition
to be able to accurately predict load displacement behavior and the ultimate load capacity

of the analyzed bridge. For all 15 bridges, the support conditions were modeled using

55



springs with a lateral stiffness of 6 kip/in. and a vertical stiffness of 3050 kip/in. These
values are conducive with the stiffness values used in the elastomeric bearing pads at the
support locations in the bridge. Appropriate steel and concrete nonlinear material models
were used to ensure appropriate modeling of the bridge behavior under the ultimate
loading conditions.

4.2.2. Material Models

Grillage models generated for the 15 bridges in the parametric study were created using
similar material models utilized in FEM modeling approach. Nonlinear material models
were used for the Grillage analysis of the bridges due to the concrete crushing and yielding
of the steel plates and reinforcing bars. The steel model used for both reinforcing bars and
steel plates assume nonlinear elastic-plastic behavior with strain hardening. The
mechanical constitutive model of concrete considers nonlinear inelastic behavior up to
peak stress level without damage mechanics. Therefore it assumes perfectly plastic
behavior beyond peak compressive and tensile stress.

4.2.2.1. Steel Material Model

The built-up plate components of the STTG bridges are comprised of grade 50 structural
steel. The constitutive behavior of both the steel members and reinforcing bars use the
classical metal plasticity models with strain hardening. The nonlinear steel models assume
a perfectly plastic behavior once the yield stress is reached. The reinforcing bar in both
the longitudinal and transverse directions as well as railings consist of grade 60 ASTM

A615 steel.
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Figure 4.1 shows the stress-strain relationship of both the plate steel and
reinforcing bars. Both steel plate and rebar constitutive behavior were obtained from
material test conducted on actual coupons as part of TXxDOT project 9-5498 (Barnard et

al. 2010).

4.2.2.2. Concrete Material Model
The constitutive concrete behavior was defined using the Kent and Park (1971) model, the
same model used in the FEM analysis with a design strength of 4000 psi. After reaching
ultimate compressive and tensile forces the concrete behavior is assumed to be perfectly
plastic.

Figure 4.2 shows the stress-strain behavior of the concrete used for the grillage
models. The tensile strength of the concrete was calculated using the empirical equation

in AASHTO (2017) Article 5.4.2.6 as:

fr =02{f, (4.1)
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where, f,- = the modulus of rupture (ksi) and f’. = compressive strength of concrete (ksi).

The modulus of elasticity of concrete for different was calculated using an empirical

equation from AASHTO (2017) Article 5.4.2.4 as:

E. = 33000K,w23\/f'.

(4.2)

where, K; =correction factor for aggregate source and assumed to be 1.0 unless

determined by physical test; w, =unit weight of concrete (kcf), 0.145 is assumed for

normal weight concrete; f'. =compressive strength of concrete (ksi).
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Figure 4.2 Constitutive Model of Concrete (from SAP2000)

The constitutive model from SAP2000 indicates that beyond compressive crushing

and tensile rupturing the strength is maintained. This behavior was utilized to be consistent

with the FEM modeling approach and to avoid convergence issues in SAP2000.
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4.2.3. Grillage Beam Elements

Hambly and Pennells (1975) and Barker and Puckett (2007) have established guidelines
for the construction and location placement of beam elements. It is recommended that for
each grillage member to take on the same bending and torsional properties of their
representative bridge sections. For the case of slab-on-girder bridges, the longitudinal
beam element should be placed along the centerline of the girder. Since the twin tub
girders are so wide, in this grillage analysis they were divided in half and the centerline of
the top flange was used as the centerline for the placement of grillage elements. This
maintains the stiffness at the appropriate location within the bridge structure, and
appropriate load distribution. Lateral beam members should be placed at appropriate
locations. Grillage members should be positioned in locations of high stress and forces.
High force and stress locations could include interior and exterior supports and point load
locations. In order to assure accurate load distribution it is important that the longitudinal
and transverse members are equally gaged in both directions.

The exterior longitudinal members (Figure 4.3a) consist of the guardrail, the deck
from the outside edge to the center of the tub girder including corresponding reinforcing
bars, and half of the tub girder. The interior longitudinal members (Figure 4.3b) consists
of the deck from the center of the tub girder to the centerline of the bridge with
corresponding reinforcing bars and half of the tub girder. The transverse members (Figure
4.4a-b) consist of deck slab and transverse reinforcing bars. The longitudinal members are

placed along the centerline of each of the four top flange members of the tub girders. The
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transverse members are placed at 7 ft increments along the interior with varying spacing

at the end supports. Figure 4.5 is a representative grillage schematic of a grillage model.

a) Exterior Longitudinal Member b) Interior Longitudinal Member

Figure 4.3 Representative Longitudinal Grillage Members
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Figure 4.4 Representative Transverse Grillage Members

Figure 4.5 Representative Grillage Schematic
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4.2.4. Grillage Plastic Hinges
In order to capture the nonlinear behavior of the bridge at ultimate loading conditions the
nonlinear static analysis approach, which is also known as “push down analysis”, was
used. Incorporating this approach reduces the uncertainty and conservatism inherently
existing in elastic analysis. Since the bridge superstructure is modeled as grillage of beam
elements the inelastic behavior is achieved by using plastic hinges at the anticipated hinge
locations. The hinges used are moment controlled (M3) in the global Z (or gravitational)
direction. Longitudinal and transverse hinges were developed using the moment curvature
responses of the individual cross-sections. The individual cross-sections were generated
using the section designer tool in SAP2000 which allows the user to combine the concrete,
reinforcing bars, and steel plates into one composite grillage member. Once the member
is created, SAP2000 has a moment curvature feature within the section designer which
generates the moment curvature response of the composite section. In the case of the
fractured longitudinal plastic hinge the bottom flange and web were removed prior to
generating the moment curvature diagram.

The length of the plastic hinge was taken to be half of the depth of the member
both in the transverse and longitudinal directions. Two of the most prominent hinge length
expressions for reinforced concrete beam elements in flexure were developed by Corley

(1966) and Mattock (1967) represented as:
l, = 0.5d + 0.5Vd(z/d) (4.3)

L, = 0.5d + 0.05(2) (4.4)
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where, 1, = plastic hinge length, d = member depth, and z = distance from hinge to node
location. For the purposes of this section the hinge is located at the point of contra flexure
therefore driving the value of z to 0. The remaining portions of both expressions reduces
to half the member depth value.

A representative external longitudinal intact plastic hinge is shown in Figure 4.6.
For convergence requirements, once the maximum moment value was reached, a perfectly
plastic assumption was made and the maximum moment was maintained for all further
rotation. Perfectly plastic assumption is acceptable as the aim was to identify the ultimate

load, not the post peak load degradation of the structure.
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Figure 4.6 Representative Plastic Hinge Property (SAP2000)
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For the longitudinal members the hinges were placed at both ends of the
longitudinal beam elements. For the transverse members the hinges were placed at the
edge of the top flanges or a distance of half a flange length from each node. All plastic
hinge properties are located in Appendix B.

4.2.5. Simulating HL93 Loading

In simulating the HL93 loading it was critical to place the HS20 truck load and the uniform
lane load at the appropriate critical locations shown in Figure 4.7. The interior transverse
grillage beams were placed at 7 ft increments to have a grillage member at locations
corresponding to the axles of HS20 truck that has axle spacing of 14 ft. The center axle of
the truck load was placed at the midspan. HS20 truck consists of 32 kips middle and rear
axles and 8 kips front axle for a total of 72 kips. The distance between wheel lines of the
truck is 6 ft.

When analyzing two lane bridges the first lane, which is 12 ft wide, was defined
as close as possible to the outside edge of the curved bridge to create most adverse loading
condition when outside girder has full depth web fracture. AASHTO LRFD (2017)
requires that a design lane should be at least 2 ft away from the nominal rail face which is
generally one foot away from the edge of the deck. To create most adverse loading
conditions both the HS20 truck and the uniform lane load was placed starting at the outside
edge of the design lane. For the first lane loading, the first wheel line of the truck was
placed at 3 ft from the edge of the deck (at the outside edge of the first lane) and per the
HS20 definition the second wheel line is located 6 ft from the first wheel line. The standard

uniform lane load is distributed to 10 ft width and starts at 3 ft from the outside edge of
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the deck and ends at 13 ft form the deck edge. Therefore the uniform lane load for the first
lane was modeled by a line load of 0.64 kip/ft along the longitudinal members located at
8 ft from the outer edge of the bridge. Since the line load generally occurred between two
grillage members, an equivalent load was distributed appropriately to each of the grillage
members. The second lane loading is the same as the first one, however, it begins at the

edge of the second lane, which is 15 ft away from the outer edge of the deck.

il i

P

Figure 4.7 HL93 Loading Diagram for Two-Lane Loaded Case

Each bridge was first analyzed in its intact condition with no fractures.
Subsequently, the fractured model for each bridge was analyzed. Load steps were
generated for two lanes loaded case as follow: 1.25DL+1.75LL+1.75(HS20+1M) where,
DL is dead load, LL is lane load, IM = 33% impact load, and HS20 is the HS20 truck load.

The intact bridge was analyzed first. The grillage members were generated in
SAP2000’s section designer. Using the moment curvature feature within the section

designer moment curvature output was produced for each of the transverse and
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longitudinal members in the bridge. Plastic hinges were developed for each of the intact
members based on the moment curvature criteria produced from the section designer. The
longitudinal and transverse grillage members were then arranged in a grillage array that
adequately represented the geometry for the bridge. End spring supports were then added
to represent the elastomeric bearing pads. Appropriate section hinges were added to each
node, or crossing of longitudinal and transverse members. HS20 truck loads and lane loads
were appropriately defined and assigned to the correct grillage elements. The standard
load case was then defined as 1.25DeadlLoad+1.75LaneLoad+2.33HS20Load. The first
loading step began at zero stress state, each additional load case began at the final loading
and displacement of the preceding load case. Each load step was applied to the bridge in
20 increments. Load steps were continually applied to the bridge until the stiffness reduces
to 5% of the initial stiffness of the intact bridge.

After the analysis of the intact bridge, the bridge in its fractured state was
evaluated. Once the analysis of the intact bridge was complete, a copy of both the exterior
and interior longitudinal sections at midspan were created. The bottom flanges and webs
were removed in both sections to mimic a full web fracture. Using section designer,
moment curvature plots were generated for each of the sections as well as compatible
hinges. At midspan of the intact bridge, the exterior and interior longitudinal hinges were
then replaced, on the heavily loaded side of the bridge, with the representative fractured
hinges. The bridge was then analyzed under the same loading sequence as the intact bridge
starting from a state of zero stress with continuous additions of the standard load case in

20" increments until the stiffness was reduced to 5% of the stiffness of the intact bridge,
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the transverse rotation was greater than 5°, or the longitudinal rotation for the exterior
spans was greater than 3° and interior spans is greater than 2°.

SAP2000 has a load case feature called staged loading which allow certain loads
to be applied to certain members during various stages of construction. An example of this
would be applying the dead load of the tub girder and the weight of the concrete slab to
only the tub girder of the composite member, while applying the live loads and impact
loads to the composite deck and tub girder member. Staged loading would have allowed
for a more accurate representation as to the true load displacement nature of both the intact
and fractured bridge spans. However, this could not be utilized in the fractured bridge case
due to the fact that staged loading does not allow for frame section or plastic hinge
substitutions during mid loading. For comparative purposes of the intact and fractured
bridges were loaded from a zero stress state in complete composite action.

4.3. Grillage Analysis of selected STTG Bridges

In order to successfully gage the redundancy of the 15 STTG bridges it was important to
establish a quantitative measurement of the remaining strength in the bridge beyond the
factored design load demand. An overstrength factor was established to measure the
residual strength and is defined as:

2 =Rq/Qu (4.5)
where, R; =capacity of the damaged bridge, and Q,, =factored load demand. Bridges
where, 2 > 1.0, are considered redundant and have enough reserve capacity post fracture.
In this section, redundancy levels are established via the Grillage results using design

material properties. The loading condition, as per AASHTO LRFD Bridge Design
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Specifications (AASHTO 2017), used was 1.25DL+1.75(HS20+IM)+1.75LL, where DL,
LL, and IM are dead load, uniform lane load, and impact factor, respectively.

4.3.1. Grillage Analysis of Bridge 0- FSEL: TXxDOT Project # 0-6937

FSEL Tests Bridge, included in TXDOT project number 0-6937, is a simple span straight
bridge used for research purposes and for method verification earlier on this project. The
FSEL test bridge has span length of 120 ft, a bridge width of 23 ft 4 in, and an 8 inch deck.
Full bridge details are located in Table 4.1 and Table 4.2. The FSEL test bridge was
evaluated using the established grillage method. It should be noted that, due to the narrow
road width, only one lane of HL93 loading was use to evaluate the post fracture

redundancy.

Table 4.1 Geometric Details of Steel Tub Girders for Bridge FSEL (0)

Top Flange Web Bottom Flange
Location ft Width | Thickness | Width | Thickness | Width | Thickness
in. in. in. in. in. in.
0-120 12 0.625 57 0.5 47 0.75
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Table 4.2 General Geometric Properties of Bridge FSEL (0)

Location Parameter Description/Value

Length, ft 120
. Spans, ft 120
Bridge Radius of Curvature, ft -
Width, ft 23.333
Thickness, in. 8
Deck Haunch, in. 4
Rail Type T501
# of Bar Longitudinal Top Row (#4) 32
# of Bar Longitudinal Bottom Row 30

Rebar (#9)
Transverse Spacing Top Row (#5) 6
Transverse Spacing Bottom Row (#5) 6

Figure 4.8 depicts the displacement profile with activated hinges of Bridge FSEL
(0). Figure 4.9 shows the grillage analysis results of the FSEL Bridge. The solid lines
indicate the behavior of the outside girder and the dashed lines indicate the behavior of
the inside girder. The blue color represents the load displacement results for fractured
model and the color green represents the load-displacement results of the intact model.
The ultimate load capacity of the fracture bridge model is indicated by a blue diamond
symbol. The ultimate load capacity of the bridge is defined as the lowest of the following:
when the stiffness of the bridge falls below 5% of the initial stiffness of the intact outside
girder, or the transverse rotation is greater than 5°, or the longitudinal rotation is greater
than 2°.

The fractured FSEL Bridge fails under HL93 loading at an overstrength factor of
1.07 via longitudinal rotation. While the intact bridge fails under stiffness control at an
overstrength value of 2.55.
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Appendix

Figure 4.8 Grillage Deflection Profile of Bridge FSEL (0) with Activated Hinges
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Figure 4.9 Grillage Analysis Results of Bridge FSEL (0)
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4.3.2. Grillage Analysis of Bridge 1-NBI #12-102-3256-01-403

Simple span, 220.5 ft long, 32 ft 5 in. wide Bridge 1 is primarily supported by two steel
tub girders, built along the IH 10 connector in 2007, located in Houston, TX, and has 8

in. thick deck. Table 4.3 and Table 4.4 contain the necessary geometric information for

generating an adequate Grillage model.

Table 4.3 Geometric Details of Steel Tub Girders for Bridge 1

Location Top Flange Web Bottom Flange

ft Width Thi(_:kness Width Thigkness Width Thi(_:kness
in. in. in. in. in. in.
0-52 18 1.50 84 0.625 72 1.00
52-167 18 2.25 84 0.625 72 1.50
167-220 18 1.50 84 0.625 72 1.00
Table 4.4 General Geometric Properties of Bridge 1

Location Parameter Description/Value

Location Harris County, 1610

Year Designed/Year Built 2004/2007

. Design Load HS20

Bridge " oth, 220.46

Spans, ft 220.46

Radius of Curvature, ft 572.96

Width, ft 32.417

Thickness, in. 8

Deck Haunch, in. 5

Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 38

Rebar # of Bar Longitudinal Bottom Row (#5) 44

Transverse Spacing Top Row (#5) in. 5

Transverse Spacing Bottom Row (#5) in. 5
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Figure 4.10 shows the grillage deflection profile of Bridge 1 with activated plastic
hinges at the ultimate loading condition. Figure 4.11 depicts the load displacement plot at
of the bridge at the center of both the interior and exterior girders.

The intact bridge has an overstrength factor of 1.00 and the fractured bridge has
an overstrength factor of 0.21, controlled by longitudinal rotation. Under the fractured
condition, Bridge 1 is not considered redundant due to its overstrength factor being less

than 1.

Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.10 Grillage Deflection Profile of Bridge 1 with Activated Hinges
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Figure 4.11 Grillage Analysis Results of Bridge 1

4.3.3. Grillage Analysis of Bridge 2-NBI #12-102-0271-17-530

Bridge 2 is a simple span bridge 115 ft in length, with a deck width of 26.6 ft and thickness
of 8 in. built on the 1160 connector in 2004 located in Harris County. The nonlinear model
for Bridge 2 was developed using a similar process as Bridge 1. Table 4.5 and Table 4.6

contain the relative geometry information for Bride 2 necessary to create a grillage model.

Table 4.5 Geometric Details of Steel Tub Girders for Bridge 2

Locat Top Flange Web Bottom Flange
ocation
ft Width | Thickness Width | Thickness | Width Thickness
in. in. in. in. in. in.
0-115 18 1.00 79 0.625 50 1.00
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Table 4.6 General Geometric Properties of Bridge 2

Location Parameter Description/Value
Location Harris County, 1610
Year Designed/Year Built 2002/2004
) Design Load HS25
Bridge

Length, ft 115
Spans, ft 115
Radius of Curvature, ft 1909.86
Width, ft 26.625
Thickness, in. 8

Deck -
Haunch, in. 4
Rail Type SSTR
# of Bar Longitudinal Top Row (#5) 40
Rebar # of Bar Longitudinal Bottom Row (#5) 32
Transverse Spacing Top Row (#5) in. 5
Transverse Spacing Bottom Row (#5) in. 5

Figure 4.12 depicts the deflection profile of Bridge 2 at the ultimate loading
condition with activated hinges. Figure 4.13 illustrates the load displacement along the
centerline of the girders.

The fractured grillage model of Bridge 2 was ran with a full web fracture at
midspan of the bridge. Under HL93 loading, Bridge 2 has an intact overstrength factor of
3.42 and a fractured overstrength factor of 1.11, controlled by stiffness reduction. Since
the overstrength value is greater than 1, Bridge 2 is considered to be redundant however,

there is a significant strength reduction caused by the fracture of the outside girder.
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Appendix

Figure 4.12 Grillage Deflection Profile of Bride 2 with Activated Hinges
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Figure 4.13 Grillage Analysis Results of Bridge 2



4.3.4. Grillage Analysis of Bridge 3-NBI #12-102-0508-01-294

Bridge 3 has a span length of 230 ft with a roadway width of 38.8 ft and a 9 in. deck slab
thickness and was built in 2002 in Harris County. Table 4.7 and Table 4.8 both contain
geometric information of Bridge 3 which is necessary to create an accurate grillage
model. The processes by which the grillage model was created is same by which

preceding bridges were built.

Table 4.7 Geometric Details of Steel Tub Girders for Bridge 3

Location Top Flange Web Bottom Flange
ft Width | Thickness | Width | Thickness | Width | Thickness

in. in. in. in. in. in.

0-21 24 1.5 102 0.75 63.5 1.25
21-42 24 2.5 102 0.75 63.5 1.75
42-185 24 3 102 0.75 63.5 2.75
185-207 24 2.5 102 0.75 63.5 1.75
207-230 24 1.5 102 0.75 63.5 1.25
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Table 4.8 General Geometric Properties of Bridge 3

Location Parameter Description/Value
Location Harris County, FWY
Year Designed/Year Built 1997/2002
) Design Load HS20
Bridge
Length, ft 230
Spans, ft 230
Radius of Curvature, ft 2207.3
Width, ft 38.833
Thickness, in. 9
Deck -
Haunch, in. 4
Rail Type T-501
# of Bar Longitudinal Top Row (#5) 46
# of Bar Longitudinal Bottom Row (#5) 64
Rebar Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5

Figure 4.14 shows the deflection profile of Bridge 3 along with the activated plastic
hinges. The load displacement results from Bridge 3 are located in Figure 4.15. Post
fracture, the bridge has an overstrength factor of 0.16 controlled by transverse rotation,

and varies significantly from the intact overstrength factor of 2.00. In its fractured sate,

Bridge 3 has an overstrength less than 1 therefore not a redundant structure.

77




Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.14 Grillage Deflection Profile for Bridge 3 with Activated Hinges
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Figure 4.15 Grillage Analysis Results of Bridge 3
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4.3.5. Grillage Analysis of Bridge 4-NBI #12-102-0271-07-637

Bridge 4 is a two span continuous STTG bridge built in 2007 in Harris County. Span 1 of
Bridge 4 is 132 ft long and Span 2 is 128 ft long. Bridge 4 has a deck width of 28.4 ft and
a thickness of 8.5 in. Table 4.9 and Table 4.10 give the geometric properties for Bridge 4.
It should be noted that although the top and bottom flanges do not vary in width they do

vary in thickness. It should also be noted that over the intermediate support and negative

moment region there is additional top reinforcing bar.

Table 4.9 Geometric Details of Steel Tub Girders for Bridge 4

L ocation Top Flange Web Bottom Flange
ft Width Thigkness Width Thigkness Width Thigkness
in. in. in. in. in. in.

0-82 20 1.00 54 0.5 72 0.875
82-110 20 .50 54 0.5 72 1.750
110-130 20 2.75 54 0.5 72 1.750
130-150 20 2.75 54 0.5 72 1.750
150-177 20 1.50 54 0.5 72 1.750
177-260 20 1.00 54 0.5 72 0.875

Figure 4.16 shows the deflection profile of Bridge 4 with fracture at 0.4*L of Span
2. Figure 4.17 and Figure 4.18 shows the load vs. displacement diagram for Spans 1 and
2 respectively of Bridge 4. Following a 0.4*L fracture the overstrength factors are 1.30
for Span 1 and 1.32 for Span 2. Prior to fracture Span 1 has an overstrength factor of 2.60

and Span 2 has an overstrength factor of 2.88. Under HL93 loading both spans are

redundant under the fractured condition and are controlled by longitudinal rotation.
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Table 4.10 General Geometric Properties of Bridge 4

Location Parameter Description/Value

Location Harris County, FWY

Year Designed/Year Built 2004/2007

. Design Load HS25
Bridge I ongth, 260.27
Spans, ft 132.03, 128.24

Radius of Curvature, ft 195

Width, ft 28.417
Thickness, in. 8.5

Deck Haunch, in. 35
Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 38

# of Bar Longitudinal Bottom Row (#5) 30

Rebar # of Bar Longitudinal Top Row (#5) @support 78
# of Bar Longitudinal Bottom Row (#5) @support 30
Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

L 25

{15

fos

Appendix
Figure 4.16 Grillage Deflection Profile for Span 2 of Bridge 4 with Activated
Hinges
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Figure 4.17 Grillage Analysis Results of Bridge 4-Span 1
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Figure 4.18 Grillage Analysis Results of Bridge 4-Span 2

4.3.6. Grillage Analysis of Bridge 5-NBI #14-227-0-0015-13-452

Bridge 5 was built in 2002 in Travis County along 1-35. It is a continuous two-span twin
tub girder bridge. The first span of Bridge 5 has a span length of 140 ft with the second
span length of 139.6 ft. The bridge deck is 30 ft wide with a thickness of 8 in. Table 4.11
and Table 4.12 contain the geometric properties of Bridge 5 needed to construct an
appropriate grillage model. Note that top flange, web and bottom flange thickness as well

as the rebar configuration change along the length.
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Table 4.11 Geometric Details of Steel Tub Girders of Bridge 5

Location Top Flange Web Bottom Flange
ft Width Thigkness Width Thi(_:kness V\/_idth Thi(_:kness
in. in. in. in. in. in.
0-105 18 1.00 54 0.5 56 0.75
105-122 18 1.00 54 0.5625 56 1.250
122-140 18 1.75 54 0.5625 56 1.250
140-157 18 1.75 54 0.5625 56 1.250
157-174 18 1.57 54 0.5625 56 1.250
174-192 18 1.00 54 0.5625 56 0.75
192-280 18 1.00 54 0.5 56 0.75

Figure 4.19 shows the deflection profile of Span 1 of Bridge 5. Figure 4.20 depicts
the load-displacement results for Spans 1 and 2 of Bridge 5. Prior to fracture, Bridge 5 has
an overstrength factor of 2.15. With a controlling fractured overstrength value of 1.10,
Bridge 5 is considered redundant. Since the bridge contained spans of almost equal
lengths, there was no need to run a second analysis on Span 2. The fracture failure of

Bridge 5 is controlled by longitudinal rotation.
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Appendix
Figure 4.19 Grillage Deflection Profile for Span 1 of Bridge 5 with Activated

Hinge

Table 4.12 General Geometric Properties of Bridge 5

Location Parameter Description/Value

Location Travis County, 135

Year Designed/Year Built 1998/2002

. Design Load HS20
Bridge I ongth. 279.58
Spans, ft 140, 139.58

Radius of Curvature, ft 450

Width, ft 30
Thickness, in. 8

Deck Haunch, in. 4
Rail Type T4(S)

# of Bar Longitudinal Top Row (#4) 41

# of Bar Longitudinal Bottom Row (#5) 36

# of Bar Longitudinal Top Row (#4) @support 41

Rebar | # of Bar Longitudinal Top Row (#5) @support 40
# of Bar Longitudinal Bottom Row (#5) @support 36
Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5
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Figure 4.20 Grillage Analysis Results of Bridge 5-Spans 1&2

4.3.7. Grillage Analysis of Bridge 6-NBI #12-102-0271-07-575

Bridge 6 is a two-span continuous twin tub girder bride located in Harris County
constructed along IH 10 in 2005. Both spans of Bridge 6 have a length of 140 ft, and it has
a deck width of 30 ft with a thickness of 8.25 in. Table 4.13 contains the geometric details
of the steel tubs. It should be noted that along the length of the girder the top flange
thickness changes. Table 4.14 provides general information about the overall geometric
properties of the bridge. Bridge 6 was created using the same principles as all the

preceding bridges.
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Table 4.13 Geometric Details of Steel Tub Girders of Bridge 6

Location Top Flange Web Bottom Flange
ft Width Thi(_:kness V\/_idth Thigkness V\/_idth Thigkness
in. in. in. in. in. in.
0-110 18 1.000 76 0.6875 60 1.000
110-130 22 1.000 76 0.6875 60 1.875
130-150 22 1.875 76 0.6875 60 1.875
150-170 22 1.000 76 0.6875 60 1.875
170-280 18 1.000 76 0.6875 60 1.000

Table 4.14 General Geometric Properties of Bridge 6

Location Parameter Description/Value
. Harri

Location arms Comtl}s

Year Designed/Year Built 2003/2005

Bridge | Design Load HS25
Length, ft 280

Spans, ft 140,140

Radius of Curvature, ft 818.51

Width, ft 38.417

Deck Thicknes:s, in. 8.25
Haunch, in. 45

Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 54

# of Bar Longitudinal Bottom Row (#5) 48

Rebar # of Bar Longitudinal Top Row (#5) @support 99
# of Bar Longitudinal Bottom Row (#5) @support 48
Transverse Spacing Top Row (#5), in. 4
Transverse Spacing Bottom Row (#5), in. 4

Figure 4.21 depicts the deflection profile of Spans 1&2 of Bridge 6 under ultimate
loading condition with activated plastic hinges. Figure 4.22 shows the load deflection data
at 0.4*L of Bridge 6. Both spans of Bridge 6 have an intact overstrength factor of 3.38.

Post fracture of the outside girder, the overstrength factor is 1.43. Yet, the fracture
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overstrength factor is still greater than 1. This implies that the bridge is redundant and fails

under the stiffness criteria.

Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond vyielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.21 Grillage Deflection Profile for Spans 1 & 2 of Bridge 6 with Activated

Hinges
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Figure 4.22 Grillage Analysis Results of Bridge 6-Spans 1&2

4.3.8. Grillage Analysis of Bridge 7-NBI #12-102-0177-07-394

Bridge 7 is a two span continuous twin tub bridge with two spans of length 219 ft and 190
ft, built in 2004 along IH10 in Harris County. This bridge has an overall deck width of
28.4 ft and a thickness of 8 in. Table 4.15 contains the geometric information for the steel
tub girder. It should be noted that the top and bottom flanges change thickness along length
of the girder as well as the top flange width. Further geometric details of Bridge 7 are

located in Table 4.16. This table includes details of the concrete deck including reinforcing

bars.

on Span 2 with a fracture located midspan of Span 2 with activated plastic hinges. Figure

Figure 4.23 shows the grillage profile of Bridge 7 under ultimate loading condition
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4.24 and Figure 4.25 contain the load displacement results for both Spans 1 and 2,

respectively for Bridge 7.

Table 4.15 Geometric Details of Steel Tub Girders of Bridge 7

L ocation _ Top Flan_ge _ Web_ _Bottom Fl_ange
it Wldth Thlgkness Wldth Th|(_:kness V\/_|dth Th|(_:kness
in. in. in. in. in. in.

0-17 20 1.100 63 0.625 60 1.000
17-141 20 2.360 63 0.625 60 2.362
141-162 20 1.770 63 0.625 60 1.772
162-193 30 1.770 63 0.625 60 1.772
193-219 30 3.150 63 0.625 60 3.150
219-247 30 3.150 63 0.625 60 3.150
247-292 30 1.770 63 0.625 60 1.772
292-381 20 1.100 63 0.625 60 1.102
381-408 20 1.100 63 0.625 60 1.000
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Table 4.16 General Geometric Properties of Bridge 7

Location Parameter Description/Value
Location Harris County, IH10

Year Designed/Year Built 2002/2004

. Design Load HS20
Bridge 17 ongth ft 408.62
Spans, ft 218.92,189.7

Radius of Curvature, ft 763.96

Width, ft 28.417
Thickness, in. 7.9

Deck Haunch, in. 5.5
Rail Type T501

# of Bar Longitudinal Top Row (#5) 30

# of Bar Longitudinal Bottom Row (#5) 40

Rebar # of Bar Longitudinal Top Row (#5) @support 59
# of Bar Longitudinal Bottom Row (#5) @support 40
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6

Span 1 and 2 have intact overstrength factors of 1.85 and 2.15. Span 1 has a
fractured overstrength factor of 0.94, and Span 2 has a fractured overstrength factor of
1.25. Span 1 having an Q less than 1 is not considered redundant but, Span 2 is redundant

post fracture. Both Span 1 and Span 2 fail due to excess longitudinal rotation.
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.23 Grillage Deflection Profile for Span 2 of Bridge 7 with Activated
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Figure 4.25 Grillage Analysis Results of Bridge 7-Span 2

4.3.9. Grillage Analysis of Bridge 8-NBI #12-102-0271-06-661

Bridge 8 is a two span twin tub girder continuous bridge built in Harris County along IH
10 in 2011. Bridge 8 is composed of a 265 ft span and a 295 ft span with a 28.4 ft wide
and 8 in. thick deck. Table 4.18 contains the geometric information for the steel tub portion
for Bridge 8. It should be observed that the top flange and bottom flange of the tubs vary
with thickness along the length of the girder. Table 4.17 provides further geometric

information for Bridge 8 including, concrete deck information and reinforcing bar.
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Table 4.17 General Geometric Properties of Bridge 8

Location Parameter Description/Value

Location Harris County, IH10

Year Designed/Year Built 2011/NA

. Design Load NA
Bridge Length, ft 560
Spans, ft 265, 295

Radius of Curvature, ft 881.47

Width, ft 28.417
Thickness, in. 8

Deck Haunch, in. 4
Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 38

# of Bar Longitudinal Bottom Row (#5) 38

Rebar # of Bar Longitudinal Top Row (#5) @support 76
# of Bar Longitudinal Bottom Row (#5) @support 38
Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5

Figure 4.26 depicts the grillage displacement profile of a fractured Span 1 under
ultimate loading conditions. Figure 4.27 and Figure 4.28 contain the load vs. displacement
behavior of Span 1 and Span 2. Span 1 has an intact overstrength factor of 1.75 and a
fractured overstrength factor of 0.88. Span 2 has an intact overstrength factor of 1.45 and
a fractured overstrength factor of 0.60. Both spans do not exhibit redundant behavior
having controlling overstrength factors less than 1, and are controlled by transverse and

longitudinal rotation.
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Table 4.18 Geometric Details of Steel Tub Girders of Bridge 8

Location Top Flange Web Bottom Flange
ft Width Thi(_:kness V\/_idth Thigkness V\/_idth Thigkness

in. in. in. in. in. in.
0-30 24 1.25 93 0.75 53.5 1.250
30-71 24 1.50 93 0.75 53.5 1.500
71-142 24 1.50 93 0.75 53.5 2.000
142-183 24 1.50 93 0.75 53.5 1.500
183-214 24 1.25 93 0.75 53.5 1.500
214-234 24 2.00 93 0.75 53.5 2.000
234-307 24 2.50 93 0.75 53.5 2.500
307-338 24 1.25 93 0.75 53.5 1.500
338-370 24 1.50 93 0.75 53.5 1.500
370-391 24 1.50 93 0.75 53.5 2.000
391-496 24 2.00 93 0.75 53.5 2.500
496-528 24 1.50 93 0.75 53.5 2.000
528-560 24 1.25 93 0.75 53.5 1.250

Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.26 Grillage Deflection Profile for Span 2 of Bridge 8 with Activated
Hinges
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Figure 4.27 Grillage Analysis Results of Bridge 8-Span 1

6000

5000

&
(=1

g

g

1000

Chord Angle, 0 (deg.)

Relative slope, O (deg.)

= = = Inside Girder (IG)
—— (G-Intact Bridge
= = = |G-Intact Bridge

(@)

60 80 100

120 140

Maximum Deflection, &(in.)

Load-displacement

160

Transverse Positive

(b) Deck rotation

0 1 2 3 4 5 1 2 3 4 5 6
L 1 1 I T TR T T S 1 Il 1 L 1 T N T T T 1 1 1 1 1 1 L I L I
t t t t t =
B -
-
I Long. -Outer Flang of 0G T
-, .
| , s Qutside Girder (06) Transverse Negative i

18

16

=
)

=Y
Overstrength, Q

08

o
@

04

0.2

Note: d is along the centerline of the girder, Q is the load normalized by factored design load

Figure 4.28 Grillage Analysis Results of Bridge 8-Span 2
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4.3.10. Grillage Analysis of Bridge 9-NBI #12-102-0177-07-394

The first three span continuous bridge evaluated in this study is Bridge 9. Bridge 9 has
spans of length 139.5 ft, 151.4 ft, and 125.5 ft. The overall deck width is 28.4 ft wide with
a thickness of 8 in. It should be noted that Bridge 9 is the in the same segment of bridges
which contain Bridge 7. Table 4.19 and Table 4.20 contain relevant geometric properties
to produce a grillage model for Bridge 9. It should be noted that the top and bottom flange

thicknesses change along the length of the tub girder.

Table 4.19 General Geometric Properties of Bridge 9

Location Parameter Description/Value

Location Harris County, IH10

Year Designed/Year Built 2002/2004

. Design Load HS20

Bridge 17 ongth, 416.66

Spans, ft 139.5,151.44,125.62

Radius of Curvature, ft 763.93

Width, ft 28.417

Thickness, in. 8

Deck Haunch, in. 4

Rail Type T501

# of Bar Longitudinal Top Row (#5) 30

# of Bar Longitudinal Bottom Row (#5) 40

# of Bar Longitudinal Top Row (#5) @support 59

Rebar | # of Bar Longitudinal Bottom Row (#5) 30
@support

Transverse Spacing Top Row (#5), in. 5

Transverse Spacing Bottom Row (#5), in. 5

Figure 4.29 depicts the displacement profile of Bridge 9 with HL93 loading on the

fractured Span 2. Figure 4.30, Figure 4.31, and Figure 4.32 depict the load displacement
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results of all three spans in Bridge 9. Span 1 has an intact overstrength factor of 2.82 and
a fractured overstrength factor of 1.35. Span 2 has an intact overstrength factor of 3.10
and a fractured factor of 2.10. Span 3 has an intact overstrength factor of 3.05 and a
fractured overstrength factor of 1.53. All spans of Bridge 9, even with the exterior girder
fractured, have overstrength factors greater than 1 and considered to be redundant and are

controlled by stiffness.

Table 4.20 Geometric Details of Steel Tub Girders of Bridge 9

L ocation Top Flange Web Bottom Flange
ft V\/_idth Thi(_:kness V\/_idth Thi(_:kness Width Thi(_:kness
in. in. in. in. in. in.

0-104 20 1.10 63 0.625 59 1.000
104-127 20 1.10 63 0.625 59 1.250
127-152 20 1.58 63 0.625 59 1.500
152-177 20 1.10 63 0.625 59 1.250
177-240 20 1.10 63 0.625 59 1.000
240-265 20 1.10 63 0.625 59 1.250
265-278 20 1.10 63 0.625 59 1.500
278-316 20 1.58 63 0.625 59 1.500
316-341 20 1.10 63 0.625 59 1.250
341-416 20 1.10 63 0.625 59 1.000
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond vyielding,
Orange=beyond vyielding close to failure, Red=Failure) Additional Hinge Data Located in

Total Load, P (kips)

Appendix
Figure 4.29 Grillage Deflection Profile for Span 2 of Bridge 9 with Activated
Hinges
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Figure 4.30 Grillage Analysis Results of Bridge 9-Span 1
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Figure 4.31 Grillage Analysis Results of Bridge 9-Span 2
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Figure 4.32 Grillage Analysis Results of Bridge 9-Span 3
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4.3.11. Grillage Analysis of Bridge 10-NBI #14-227-0-0015-13-450

Bridge 10, built in 2002 in Harris County along IH 10, is a continuous three span bridge
with span lengths of 148 ft, 265 ft, and 189.6 ft. It has a total deck width of 30 ft and
thickness of 8 in. Table 4.21 and Table 4.22 contain the geometric property details of
Bridge 10. It should be noted that the top flange, web, and bottom flange thicknesses

change over the length of the girders. The top reinforcing bars are a mixture of number 4

and 5 bars over the support.

Table 4.21 Geometric Details of Steel Tub Girders of Bridge 10

L ocation Top Flange Web Bottom Flange
ft Width Thigkness V\/_idth Thigkness Width Thi(_:kness
in. in. in. in. in. in.

0-50 24 1.00 78 0.625 59 0.750
50-98 24 1.00 78 0.625 59 1.250
98-131 24 2.00 78 0.75 59 2.000
131-181 24 3.00 78 0.875 59 2.000
181-230 24 1.00 78 0.875 59 1.250
230-247 24 1.00 78 0.75 59 1.000
247-297 24 1.00 78 0.75 59 1.250
297-330 24 1.00 78 0.75 59 1.000
330-380 24 1.00 78 0.875 59 1.250
380-396 24 2.00 78 0.875 59 1.250
396-430 24 3.00 78 0.875 59 2.000
430-447 24 3.00 78 0.875 59 2.000
447-464 24 2.00 78 0.75 59 1.250
464-499 24 1.00 78 0.75 59 1.250
499-602 24 1.00 78 0.625 59 0.750

Figure 4.33 depicts the displacement profile of Bridge 10 with HL93 loading a

fracture in Span 2. Figure 4.34, Figure 4.35, and Figure 4.36 illustrates the load
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displacement results for all spans of Bridge 10. Span 1 has a fractured overstrength factor
of 1.71. Span 2 has a fractured overstrength factor of 1.25 and an intact overstrength factor
of 1.85. Span 3 has a fractured factor of 1.25 and an intact factor of 2.10. Each of the spans
has an overstrength factor greater than one and are therefore exhibiting a necessary level

of redundancy for load redistribution post fracture. Span 1 is controlled by stiffness,

however Span 2 and Span 3 are controlled by longitudinal chord rotation.

Table 4.22 General Geometric Properties of Bridge 10

Location Parameter Description/Value

Location Harris County, IH10

Year Designed/Year Built 1998/2002

. Design Load HS20
Bridge 17 ongth. 602.58
Spans, ft 148, 265, 189.58

Radius of Curvature, ft 716.2

Width, ft 30
Thickness, in. 8

Deck Haunch, in. 5
Rail Type T4(s)

# of Bar Longitudinal Top Row (#4) 42

# of Bar Longitudinal Bottom Row (#5) 32

# of Bar Longitudinal Top Row (#4) @support 42

Rebar | # of Bar Longitudinal Top Row (#5) @support 40
# of Bar Longitudinal Bottom Row (#5) @support 32
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Appendix
Figure 4.33 Grillage Deflection Profile for Span 2 of Bridge 10 with Activated
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(b) Deck rotation
Note: 3 is along the centerline of the girder,  is the load normalized by factored design load

Figure 4.34 Grillage Analysis Results of Bridge 10-Span 1
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Figure 4.36 Grillage Analysis Results of Bridge 10-Span 3
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(b) Deck rotation
Note: 6 is along the centerline of the girder, Q is the load normalized by factored design load

Figure 4.35 Grillage Analysis Results of Bridge 10-Span 2
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4.3.12. Grillage Analysis of Bridge 11-NBI #12-102-0271-07-593

Bridge 11, compared to Bridge 10, is a longer three span continuous bridge located along
IH 10 in Harris County. Bridge 11 consist of three spans with span lengths of 223 ft, 366
ft, and 235 ft with an overall deck width of 28.4 ft and a deck thickness of 8 in. Table 4.23
and Table 4.24 contain the necessary geometric information to generate an accurate
grillage model. It should be noted that both the top flange width and thickness changes

over the length of the girder as well as the bottom flange thickness.

Table 4.23 Geometric Details of Steel Tub Girders of Bridge 11

L ocation Top Flange Web Bottom Flange
ft Width Thi(_:kness Width Thigkness Width Thigkness
in. in. in. in. in. in.

0-128 18 1.00 102 0.875 66 1.000
128-154 18 1.00 102 0.875 66 1.500
154-180 30 1.75 102 0.875 66 1.500
180-247 30 3.00 102 0.875 66 3.000
247-256 30 3.00 102 0.875 66 1.500
256-281 30 1.75 102 0.875 66 1.500
281-522 18 1.75 102 0.875 66 1.500
522-555 30 1.75 102 0.875 66 1.500
555-630 30 3.00 102 0.875 66 3.000
630-647 30 1.75 102 0.875 66 1.500
647-681 18 1.00 102 0.875 66 1.500
681-824 18 1.00 102 0.875 66 1.000

Figure 4.37 illustrates the deflection profile of Span 2 for an HL93 load. Figure
4.38, Figure 4.39, and Figure 4.40 show the load displacement response of all three spans

of Bridge 11. Span 1 has a fractured overstrength factor of 1.35. Span 2 has a fractured
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overstrength factor of 1.00. Span 3 has a fractured overstrength factor of 1.30. Span 1 fails

via stiffness, Span 2 fails via longitudinal rotation, and Span 3 is controlled by transverse

rotation.
Table 4.24 General Geometric Properties of Bridge 11
Location Parameter Description/Value
Location Harris County, IH10
Year Designed/Year Built 2004/2007
. Design Load HS25
Bridge I ongth. 824
Spans, ft 223, 366, 235
Radius of Curvature, ft 818.51
Width, ft 28.417
Thickness, in. 8
Deck Haunch, in. 4
Rail Type SSTR
# of Bar Longitudinal Top Row (#5) 30
# of Bar Longitudinal Bottom Row (#5) 38
Rebar # of Bar Longitudinal Top Row (#5) @support 59
# of Bar Longitudinal Bottom Row (#5) @support 38
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond vyielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Total Load, P (kips)

Overstrength, Q

Appendix
Figure 4.37 Grillage Deflection Profile for Span 2 of Bridge 11 with Activated
Hinges
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(b) Deck rotations
Note: d is along the centerline of the girder, Q is the load normalized by factored design load

Figure 4.38 Grillage Analysis Results of Bridge 11-Span 1
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Figure 4.39 Grillage Analysis Results of Bridge 11-Span 2
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Figure 4.40 Grillage Analysis Results of Bridge 11-Span 3
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4.3.13. Grillage Analysis of Bridge 12-NBI #12-102-0271-07-639

Bridge 12, built in 2007 in Harris County along IH10, is a three span continuous bridge.
The lengths of the spans which comprise Bridge 12 are as 140 ft, 180 ft, and 145 ft
respectively. The overall bridge deck width of 28.4 ft and deck thickness of 8.5 in. Table
4.25 and Table 4.26 contain the geometric properties and information necessary for
appropriately generating a grillage model to represent Bridge 12. Note, both the top and

bottom flanges vary in thickness along the length of the member.

Table 4.25 Geometric Details of Steel Tub Girders of Bridge 12

L ocation Top Flange Web Bottom Flange
ft Width Thigkness V\/_idth Thi(_:kness Width Thigkness
in. in. in. in. in. in.

0-90 20 1.00 54 0.5 72 0.875
90-116 20 1.75 54 0.5 72 1.750
116-138 20 3.25 54 0.5 72 1.750
138-160 20 3.25 54 0.5 72 1.750
160-189 20 1.75 54 0.5 72 1.750
189-267 20 1.00 54 0.5 72 0.875
267-296 20 1.75 54 0.5 72 1.750
296-318 20 3.25 54 0.5 72 1.750
318-340 20 3.25 54 0.5 72 1.750
340-377 20 1.75 54 0.5 72 1.750
340-465 20 1.00 54 0.5 72 0.875

Figure 4.41 depicts the displacement profile for Bridge 12 under the ultimate HL93
loading state. Figure 4.42, Figure 4.43, and Figure 4.44 illustrates the load displacement
behavior of all spans of Bridge 12 under HL93 loading. Span 1 has a fractured overstrength

factor of 1.20 and an intact factor of 2.50. Span 2 has a fractured overstrength of 1.56 and
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an intact factor of 2.60. Span 3 has a fractured overstrength factor of 1.15 and an intact

factor of 2.35. Once again, the longer spans have lower overstrength factors. Span 1 fails

due to transverse rotation while Spans 2 and 3 fail due to longitudinal rotation.

Table 4.26 General Geometric Properties of Bridge 12

Location Parameter Description/Value

Location Harris County, IH10

Year Designed/Year Built 2004/2007

. Design Load HS25
Bridge I cngth ft 465
Spans, ft 140, 180, 145

Radius of Curvature, ft 225

Width, ft 28.417
Thickness, in. 8.5

Deck Haunch, in. 35
Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 40

# of Bar Longitudinal Bottom Row (#5) 30

Rebar # of Bar Longitudinal Top Row (#5) @support 79
# of Bar Longitudinal Bottom Row (#5) @support 30
Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5
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Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in

Appendix
Figure 4.41 Grillage Deflection Profile for Span 2 of Bridge 12 with Activated
Hinges
Chord Angle, © (deg.) Relative slope, 0 (deg.)
0 1 2 3 4 5 6 0 1 2 3 4 5 6
4500 4——im 4o L gy b ; ' ; ' ;
2000 1 1. Long. —OuterFfang:;e of 0G I s
- Transverse Negative
= 3500 ¥ - - Transverse Positive
2 s
x 1 T2
a 3000 t i
3 / S
S 2500 % / e =
- - r 1.5
= ! . I
2 ! -7 g
o 2000 + - =
= ! /i g
]
i f Outside Girder (OG, T1 2
1500 ) , utside Girder (0G) &
! ! = = = Inside Girder (IG)
1000 + ¢ /7
1 f" OG-Intact Bridge + 0.5
!
500 1, /Y — = = [G-Intoct Bridge
I
Q T T T T T T T g Lo
0 10 20 30 40 50 60 70 80

Maximum Deflection, & (in.)
(a) Load-displacement (b) Deck rotation

Note: d is along the centerline of the girder, Q is the load normalized by factored design load

Figure 4.42 Grillage Analysis Results of Bridge 12-Span 1
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Figure 4.43 Grillage Analysis Results of Bridge 12-Span 2
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Figure 4.44 Grillage Analysis Results of Bridge 12-Span 3
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4.3.14. Grillage Analysis of Bridge 13-NBI #14-227-0-0015-13-452

Bridge 13, located in Travis County along IH 35, is a three span continuous bridge built
in 2002. Bridge 13 has an overall deck width of 30 ft with a deck thickness of 8 in. and
has 151.5 ft, 190 ft, and 151.5 ft long spans. Table 4.27 contains the geometric property
details for the tub girders for Bridge 13. Table 4.28 details further geometric properties

necessary for constructing an appropriate grillage model.

Table 4.27 Geometric Details of Steel Tub Girders of Bridge 13

L ocation Top Flange Web Bottom Flange
ft V\/_idth Thi(_:kness V\/_idth Thi(_:kness Width Thi(_:kness
in. in. in. in. in. in.

0-18 24 1.25 54 0.625 60 0.750
18-94 24 1.25 54 0.625 60 0.750
94-113 24 1.25 54 0.625 60 0.750
113-132 24 1.25 54 0.625 60 1.250
132-151 24 1.75 54 0.625 60 1.500
151-170 24 2.75 54 0.625 60 2.000
170-189 24 1.75 54 0.625 60 1.500
189-208 24 1.25 54 0.625 60 1.250
208-284 24 1.25 54 0.625 60 0.750
284-303 24 1.25 54 0.625 60 0.750
303-322 24 1.25 54 0.625 60 1.250
322-341 24 1.75 54 0.625 60 1.500
341-360 24 2.75 54 0.625 60 2.000
360-379 24 1.75 54 0.625 60 1.500
379-398 24 1.25 54 0.625 60 1.250
398-474 24 1.25 54 0.625 60 0.750
474-493 24 1.25 54 0.625 60 0.750
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Figure 4.45 illustrates the deflection profile of Bridge 13 with a fractured second
span and with the HL93 load case. Figure 4.46 and Figure 4.47 depict the load
displacement behavior of each span of Bridge 13. Span 1 and 3 has an intact overstrength
factor of 2.10 with fractured overstrength factor of 1.10. Span 2 has an intact overstrength
factor of 2.20 and a fractured overstrength factor of 1.35. All spans of Bridge 13 fail due

to longitudinal rotation.

Table 4.28 General Geometric Properties of Bridge 13

Location | Parameter Description/Value
Location Travis County, IH35
Year Designed/Year Built 1998/2002

. Design Load HS20

Bridge I ongth, ft 493
Spans, ft 151.5, 190, 151.5
Radius of Curvature, ft 450
Width, ft 30
Thickness, in. 8

Deck Haunch, in. 4
Rail Type T4(S)
# of Bar Longitudinal Top Row (#4) 40
# of Bar Longitudinal Bottom Row (#5) 32
# of Bar Longitudinal Top Row (#4) @support 39

Rebar # of Bar Longitudinal Top Row (#5) @support 40
# of Bar Longitudinal Bottom Row (#5) @support | 32
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6

113



Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond vyielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
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Figure 4.45 Grillage Deflection Profile for Span 2 of Bridge 13 with Activated
Hinges
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Figure 4.46 Grillage Analysis Results of Bridge 13-Spans 1&3
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Figure 4.47 Grillage Analysis Results of Bridge 13-Span 2

4.3.15. Grillage Analysis of Bridge 14-NBI #18-057-0-0009-11-460

Bridge 14, built in Dallas County in 2012, is a three span continuous bridge built along
IH30. Bridge 14 consists of three spans with lengths of 150 ft, 190 ft, and 150 ft. It has a
deck with an overall width of 28 ft and a thickness 8 in. Table 4.29 contains the geometric
information of the steel tub girders for Bridge 14. Note that the top flanges, web, and
bottom flange vary in thickness along the length of the girder. Table 4.30 contains

additional information needed to construct an accurate grillage model of Bridge 14.
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Table 4.29 Geometric Details of Steel Tub Girders of Bridge 14

Location Top Flange Web Bottom Flange
ft Width Thi(_:kness Width Thigkness V\/_idth Thigkness
in. in. in. in. in. in.

0-103 22 1.00 60 0.5625 70 0.750
103-112 22 1.00 60 0.5625 70 1.125
112-131 22 1.00 60 0.625 70 1.125
131-169 22 1.75 60 0.625 70 1.500
169-198 22 1.00 60 0.625 70 1.125
198-302 22 1.00 60 0.5625 70 0.750
302-321 22 1.00 60 0.625 70 1.125
321-358 22 1.75 60 0.625 70 1.500
358-386 22 1.00 60 0.625 70 1.125
386-490 22 1.00 60 0.5625 70 0.750

Figure 4.48 shows the deflection profile of Span 2 under the ultimate HL93 loading
with a midspan fracture and activated plastic hinge. Figure 4.49 and Figure 4.50 illustrate
the load displacement behavior of all spans of Bridge 14. Spans 1 and 3 have an intact
overstrength factor of 2.15 fractured overstrength factor of 1.25. Span 2 has an intact
overstrength factor of 2.05 fractured overstrength factor of 1.35. All spans of Bridge 14
have fractured overstrength factors greater than 1 and are therefore redundant. All spans

of Bridge 14 are controlled by the longitudinal rotation limit.
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Table 4.30 General Geometric Properties of Bridge 14

Location Parameter Description/Value

Location Dallas County, IH30

Year Designed/Year Built 2008/2012

. Design Load HS20
Bridge Length, ft 490
Spans, ft 150,190,150

Radius of Curvature, ft 1010

Width, ft 28
Thickness, in. 8

Deck Haunch, in. 4
Rail Type SSTR

# of Bar Longitudinal Top Row (#4) 38

# of Bar Longitudinal Bottom Row (#5) 32

# of Bar Longitudinal Top Row (#4) @support 38

Rebar | # of Bar Longitudinal Top Row (#5) @support 38
# of Bar Longitudinal Bottom Row (#5) @support 32
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6

Note: The colors represent achieved curvature limits (Magenta=yielding, Yellow=beyond yielding,
Orange=beyond yielding close to failure, Red=Failure) Additional Hinge Data Located in
Appendix

Figure 4.48 Grillage Deflection Profile for Span 2 of Bridge 14 with Activated
Hinges
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Figure 4.50 Grillage Analysis Results of Bridge 14-Span 2
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4.3.16. Grillage Analysis of Bridge 15-NBI #12-102-0271-06-689

The final bridge investigated in this study is Bridge 15. It is a three span continuous bridge.
Bridge 15 contains 200 ft, 295 ft, and 200 ft long spans with an overall deck width 28.4 ft
and a thickness of 8 in. Table 4.31 details the geometric details of the tub girders in Bridge
15. It should be noted that the top and bottom flanges vary in thickness along the length

of the girder. Table 4.32 outlines additional information regarding the geometric

configuration of Bridge 15 need to generate an appropriate grillage model.

Table 4.31 Geometric Details of Steel Tub Girders of Bridge 15

L ocation Top Flange Web Bottom Flange
ft Width Thi(_:kness V\/_idth Thi(_:kness V\/_idth Thigkness
in. in. in. in. in. in.

0-126 24 1.25 84 0.6875 53.5 1.250
126-147 24 1.50 84 0.6875 53.5 1.750
147-168 24 1.75 84 0.6875 53.5 2.000
168-189 24 2.25 84 0.6875 53.5 2.250
189-210 24 2.25 84 0.6875 535 2.250
210-231 24 2.50 84 0.6875 53.5 2.500
231-252 24 1.75 84 0.6875 53.5 2.000
252-284 24 1.25 84 0.6875 53.5 1.250
284-410 24 1.50 84 0.6875 53.5 1.750
410-422 24 1.25 84 0.6875 53.5 1.250
422-463 24 1.75 84 0.6875 53.5 2.000
463-484 24 2.25 84 0.6875 53.5 2.250
484-505 24 2.50 84 0.6875 53.5 2.500
505-526 24 2.25 84 0.6875 53.5 2.250
526-547 24 1.75 84 0.6875 53.5 2.000
547-568 24 1.50 84 0.6875 53.5 1.750
568-698 24 1.25 84 0.6875 53.5 1.250
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Figure 4.51 depicts the displacement profile of the fractured Span 2 under the
ultimate HL93 loading case. Figure 4.52 and Figure 4.53 shows the load displacement
response of all spans in Bridge 15. Spans 1 and 3 have an intact overstrength factor of 2.45
and a fractured overstrength factor of 1.40. Span 2 has a fractured overstrength factor of

1.25. All three spans of Bridge 15 have fractured Q factors greater than 1 and considered

redundant. Every span in Bridge 15 is controlled by longitudinal rotation.

Table 4.32 General Geometric Properties of Bridge 15

Location Parameter Description/Value

Location Dallas County, IH30

Year Designed/Year Built 2008/2012

. Design Load HL93

Bridge " ength, 695

Spans, ft 200,295,200

Radius of Curvature, ft 809

Width, ft 28.417

Deck Thickness, in. 8

Haunch, in. 45

Rail Type SSTR

# of Bar Longitudinal Top Row (#5) 38

# of Bar Longitudinal Bottom Row (#5) 36

# of Bar Longitudinal Top Row (#5) @support 78

Rebar | # of Bar Longitudinal Bottom Row (#5) 36
@support

Transverse Spacing Top Row (#5), in. 5

Transverse Spacing Bottom Row (#5), in. 5
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Figure 4.51 Grillage Deflection Profile for Span 2 of Bridge 15 with Activated
Hinges
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Figure 4.52 Grillage Analysis Results of Bridge 15-Spans 1&3
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Figure 4.53 Grillage Analysis Results of Bridge 15-Span 2

4.4. Conclusion
In this portion of this STTG study, 15 bridges from the Texas Bridge inventory were
evaluated to determine their strength and redundancy before and after a simulated fracture
under HL93 design load. The 15 bridges were modeled using the state of the art structural
analysis program SAP2000, based on matrix analysis methods and principles. These
bridges were evaluated in manner outlined in Chapter 6. Table 4.33 offers a summary of
the grillage analysis results gathered and includes the normalized load for the fractured
and nonfractured cases for each bridge. From the grillage analysis results, the following
observations were seen:

e Overall, simple span bridges have much lower fractured overstrength factors than

their continuous span counterparts. The fractured overstrength factors range from
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0.16 to 1.11 while their intact overstrength factors range from 3.42 to 1.00. On
average, after simulating a full web fracture, simple span bridges experience a
strength reduction of nearly 74%.

In the case of exterior spans of continuous bridge (all spans in two span bridges
and exterior span in three span bridges) fractured overstrength factors range from
0.60 to 1.71. Their intact overstrength factors range from 1.45 to 3.38. However,
as a whole, exterior spans lose an average of 46% of their initial strength post web
fracture, which, is significantly less than that of the single span bridges.

When compared to single span bridges and the exterior spans, the interior spans
of the three span continuous bridge had the lowest strength reduction post full web
fracture. This can be seen by looking at the results of the continuous bridges. The
intact overstrength factors range from 1.85 to 3.10. The fractured overstrength
factors range from 1.00 to 2.10. Yet, the average strength reduction of the interior
spans is only 35%. This is significantly lower than that of the simple spans and
exterior spans.

From the results it is clear that there is some redundancy due to continuity due to
the fact that as the degree of continuity increases, the average strength reduction
decreases. These results demonstrate that, even though there exist transverse
redundancy between the two girders, there is some longitudinal redundancy and

load redistribution between the spans of the same bridge.
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Table 4.33 Overstrength Factors for Single Span Bridges utilizing Grillage Analysis

ID | Span | R(fty | L(f) | B@) | S(ft) | 5%SF Tr5a°nsl . gng
0 1 1300 | 120 23 60 | 133 | 133 | 107
1 1 573 | 220 32 05 | 046 | 028 | 021
2 1 1910 | 115 26 61 | 111 | 165 | 111
3 1 2207 | 230 39 126 | 060 | 016 | 037

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges

Table 4.34 Overstrength Factors for End Spans utilizing Grillage Analysis

ID | span | R(f)y | L(ft) | B(f) | S(ft) | 5%SF Tr5ansl . :ng
4 1 195 | 132 28 76 | 150 | 145 | 1.30
4 2 195 | 128 28 76 | 158 | 153 | 132
5 1 450 | 140 30 07 | 125 | 130 | 1.10
5 2 450 | 140 30 07 | 125 | 130 | 1.10
6 1 819 | 140 38 08 | 143 | 158 | 158
6 2 819 | 140 38 08 | 143 | 158 | 158
7 1 764 | 219 28 74 | 130 | 115 | 004
7 2 764 | 190 28 74 | 150 | 145 | 125
8 1 882 | 265 28 84 | 094 | 088 | 083
8 2 882 | 295 28 84 | 080 | 060 | 060
9 1 764 | 140 28 74 | 135 | 165 | 140
9 3 764 | 126 28 74 | 153 | 195 | 161
10 1 716 148 30 1.7 1.71 2.10 1.94
10 3 716 | 190 30 77 | 140 | 135 | 125
11 1 819 | 223 28 70 | 135 | 145 | 150
11 3 819 | 235 28 70 | 140 | 130 | 1.40
12 1 225 | 140 28 76 | 155 | 120 | 140
12 3 225 145 28 7.6 1.50 1.35 1.15
13 1 450 | 152 30 93 | 140 | 125 | 1.10
13 3 450 | 152 30 03 | 140 | 125 | 1.10
14 1 1010 | 150 28 65 | 135 | 145 | 125
14 3 1010 | 150 28 65 | 135 | 145 | 125
15 1 809 | 200 28 80 | 155 | 160 | 1.0
15 3 809 | 200 28 80 | 155 | 160 | 1.0

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges
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Table 4.35 Overstrength Factors for Interior Spans utilizing Grillage Analysis

ID | Span | R(fty | L(f) | B@) | S(ft) | 5%SF Trf;n& . gng
9 2 764 | 151 28 70 | 210 | 250 | 215
10 2 716 | 265 30 77 | 150 | 145 | 125
11 2 819 | 366 28 70 | 115 | 110 | 1.00
12 2 225 | 180 28 76 | 205 | 167 | 156
13 2 450 | 190 30 93 | 160 | 150 | 135
14 2 1010 | 190 28 65 | 145 | 160 | 135
15 2 809 | 295 28 80 | 150 | 145 | 125

Note: L= length, B=breadth, R=radius of curvature, S=spacing between interior top flanges

4.5. Grillage Analysis: Additional Parametric Study
In addition to the parametric study involving the 15 selected bridges form the TXxDOT
inventory, a parametric study was completed on two of the bridges varying multiple
parameters of the bridge. Bridge 2, a single span bridge, and the middle span of Bridge 9,
a three span bridge, were selected to analyze in the parametric study. A single span bridge
and a middle span were selected to see the varying effect with the greatest degree of
continuity difference. Three parameters: concrete strength, reinforcing bar area, and deck
thickness, were varied for both spans involved in the parametric study.
4.5.1. Concrete Strengths
TxDOT’s design strength of all off the bridges involved in the parametric study was 4000
psi. In this study the bridges were analyzed with the design strength of 4000 psi as well as
concrete strengths of 5000 psi and 6000 psi.

The results for Bridge 2 and the middle span of Bridge 9 are located in Table 4.36

and Table 4.37 respectively. Both bridge spans failure overstrength factors increase
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relatively similar amounts from 4000 psi to 5000 psi (0.05 for Bridge 2, and 0.02 for
Bridge 9) and from 4000 psi to 6000 psi (0.08 for Bridge 2 and Bridge 9). Not only did
increasing the concrete strength increase the overstrength factor, but it also shifted the
failure mode from structural failure to longitudinal rotation failure for both bridges when

transitioning from a concrete strength of 5000 psi to 6000 psi.

Table 4.36 Bridge 2: Overstrength Factors (2) with Varied Concrete Strengths

f'c (psi) | 5% S.F | 5° Trans | 2° Long
4000 1.11 1.65 1.11
5000 1.16 1.36 1.16
6000 1.30 1.24 1.19

Table 4.37 Bridge 9 (Mid-Span): Overstrength Factors (Q2) with Varied Concrete

Strengths
f'c(psi) | 5% S.F | 5° Trans | 2° Long
4000 2.10 2.50 2.15
5000 2.12 2.62 2.15
6000 2.18 2.63 2.18

4.5.2. Reinforcing Bar Area

Reinforcing bar area was another variable altered in the parametric study. The design
reinforcing bar area was analyzed for both Bridge 2 and the middle span of Bridge 9. The
percentage of reinforcing bar area was increased 25% and 50% and analyzed using the
grillage method. Both transverse and longitudinal reinforcing bar areas were increased in

this study.
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Table 4.38 and Table 4.39 contain the overstrength factor results from increasing
the reinforcing bar areas in the slab of bridge deck of Bridge 2 and the middle span of
Bridge 9. The overstrength factors of Bridge 2 and mid-span of Bridge of 9 increased as
the percentage of reinforcing increased and the failure mode consistently remained
structural failure. However, the amount by which the overstrength factors increased varied
significantly between the bridges for the both the 25% increase (0.01 for Bridge 2 and
0.05 for Bridge 9) and the 50% increase (0.03 for Bridge 2 and 0.14 for Bridge 9). This

could be accounted for by the increase in continuity.

Table 4.38 Bridge 2: Overstrength Factors (2) with Varied Reinforcing Bar Areas

% rebar | 5% S.F | 5° Trans | 2° Long
100 1.11 1.65 1.11
125 1.12 1.77 1.18
150 1.14 1.80 1.21

Table 4.39 Bridge 9 (Mid-Span): Overstrength Factors (Q2) with Varied Reinforcing

Bar Areas
% rebar | 5% S.F | 5° Trans | 2° Long
100 2.10 2.50 2.15
125 2.15 2.80 2.21
150 2.24 3.00 2.29

4.5.3. Concrete Deck Thickness
Another key parameter investigated in this study is concrete deck thickness. The design

concrete deck thickness for both Bridge 2 and Bridge 9 is 8 inches. The parametric study
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increased the deck thickness by 1 and 2 inches, which takes the total deck thicknesses to
9 and 10 inches respectively.

Table 4.40 and Table 4.41 contains the overstrength results for Bridge 2 and the
mid-span of Bridge 9 with increased deck thicknesses. Bridge 2 and Bridge 9 have
overstrength factors which increase as deck thickness increase. However, Bridge 2
changes failure modes from structural failure with a 9 inch thickness to a longitudinal
rotation failure at 10 inches. Bride 9 has a consistent failure mode of structural failure.
Overstrength values increased more rapidly for Bridge 2 than for the mid-span of Bridge
9. This indicates that deck thickness may influence less continuous structures more than

bridge spans with greater continuity.

Table 4.40 Bridge 2: Overstrength Factors (2) with Varied Concrete Thicknesses

Deck (in.) | 5% S.F | 5" Trans | 2° Long
8 1.11 1.65 1.11
9 1.19 1.74 1.24
10 1.66 1.86 1.39

Thicknesses

Table 4.41 Bridge 9 (Mid-Span): Overstrength Factors (Q2) with Varied Concrete

Deck (in.) | 5% S.F | 5 Trans | 2° Long
8 2.10 2.50 2.15
9 2.13 2.88 2.19
10 2.23 N/A 2.35
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5. GRILLAGE METHOD AND FEM COMPARISON*
5.1. Introduction
From the FEM results in Section 3.3.2 and the Grillage results in Section 4.4 it can be
clearly seen that for some bridge spans the two methods are in good agreement and for
other bridge spans the results seem to diverge. This section will discuss the observed
similarities and differences between the two analysis methods and the impact of these
results on potential industry use of the grillage method to adequately assess failure
capacity of steel twin tub girder bridges. This section will break down bridge spans for
comparison by number of fixed supports. First, spans with no fixed supports, or single
span Bridges 0 to 3 will be looked at. Then, bridge spans with two fixed supports, or the
middle spans of Bridges 9 to 15 will be evaluated. Finally, bridge spans with one fixed
support, or the end spans of Bridges 4 to 15 will be compare and contrasted. Note: All of
the FEM data came from TxDOT Report 0-6937 (Hurlebaus et al. 2018).
5.2. Single Span Bridges
Single span bridges have the least amount of support redundancy and it is expected that
their overstrength factors will be lower than that of the interior spans and end spans. In all
of the simply sported bridge cases the location of fracture was assumed to be at the center
of the span along the exterior girder. Table 5.1 contains the overstrength factor results

from both FEM analysis and Grillage Push-Down analysis. The table is organized in

* Part of this chapter is reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges
Technical Report” 0-6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas
A&M Texas Transportation Institute, 259-282, Copyright 2018 by Texas A&M Texas Transportation
Institute
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increasing order in accordance with span length. It should be noted that span length

increases the overstrength factor decreases for both the FEM and Grillage analysis

methods.
Table 5.1 Results for Simple Spans
ID | Span R (ft) L (ft) B (ft) S (ft) FEM | Grillage
2 1 1910 115 26 6.1 1.65 111
0 1 1300 120 23 6 0.86 1.07
1 1 573 220 32 9.5 0.82 0.21
3 1 2207 230 39 12.6 0.85 0.16

The single span bridges are divided into two categories: short single span bridges
(spans less than or equal to 120 feet) and long single span bridges (spans greater than or
equal to 220 feet). The single span bridges can be considered redundant if the overstrength
factor is greater than 1. For the shorter span bridges, there is some, however not
conclusive, agreement between the FEM and Grillage methods. However, there is greater
disparity between FEM and Grillage for the longer span bridges. The Grillage method of
analysis does not incorporate some of the internal redundancies such as: cross bracing,
diaphragms, and shear stud connectors, which the FEM analysis accounts for. This is a
probable explanation for the magnification of difference between the overstrength factors
for the FEM and Grillage methods.

Figure 5.1 demonstrates that the shorter span bridges have the potential to reach
an overstrength factor of at least 1 and quite possibly be considered redundant. Figure 5.2

illustrates the vast difference in the FEM and Grillage analysis results for longer simple
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span bridges. However, both methods conclude that longer span simply supported bridges

are unable to meet the criteria of a redundant structure.
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5.3. Interior Spans

Interior spans, or the middle spans on three span bridges, have the greatest about of
structural support redundancy and are expected to have the highest overstrength factors
when compared to their single span and end span counterparts. Table 5.2 below list the
overstrength factors for the interior span bridges sorted by span length in ascending order.
It should be noted that all of the interior spans have overstrength factors greater than or
equal to one, all are redundant. Grillage analysis results are consistently lower than the
FEM analysis results. This correlation can be explained by the fact that Grillage analysis
method is a conservative simplified lower bound strip method and the FEM adequately
models and the 3-D components. Grillage and FEM overstrength factors values for the
interior spans are in closer agreement than the simple span bridges. Detailed results for all
of the interior spans are located in Figure 5.3, Figure 5.4, Figure 5.5, and Figure 5.6 are

presented according to bridge length.

Table 5.2 Results for Interior Spans

ID | Span | R(ft) | L(ft) | B(ft) | S(ft) | FEM | Grillage
9 2 764 | 151 | 28 7 245 | 2.10
12 2 225 | 180 | 28 76 | 180 | 1.56
13 2 450 | 190 | 30 93 | 140 | 1.35
14 2 1010 | 190 | 28 65 | 1.80 | 1.35
10 2 716 | 265 | 30 77 | 145 | 1.25
15 2 809 | 205 | 28 8 140 | 1.25
11 2 819 | 366 | 28 7 120 | 1.00
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Figure 5.6. Results for Very Long Interior Span of Fracture Twin Tub Bridges

Figure 5.3 illustrates the FEM and Grillage analysis results for shorter interior
spans (span lengths < 180 feet) as shows great agreement amongst the analysis methods.
Figure 5.4 shows the results for average interior spans (180 feet <span lengths< 250 feet).
Both interior spans from Bridge 14 and 13 are 190 feet but differ in overstrength values,
with Bridge 13 having a lower value. One significant reason in due to the fact that the
radius of curvature for Bridge 13 is nearly have of that of Bridge 14. However both have
overstrength factors greater than one. Figure 5.5 depicts the results for longer interior
spans (250 feet<span length<300 feet). Interior spans from Bridge 10 and 15 are longer
interior span have overstrength values greater than one and excellent agreement between
the two analysis methods. Very long interior span (span lengths> 300 feet) results can be

seen in Figure 5.6. There is slight disparity between the two analysis methods the very
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long interior span of Bridge 11 with FEM vyielding a result of 1.2 and Grillage Method an
overstrength factor of 1.0. However, since Grillage Method is a conservative analysis
approach, Bridge 11 can safely be classified as a redundant structure.

Overall, interior spans of three span bridges, are more redundant than single span
bridges and exterior span with all overstrength factors being greater than one. As the span
length increased, the overstrength values decreased. It is also notable that as the radius of
curvature increases so does the overstrength value.

5.4. Exterior Spans

Exterior spans, all spans of two span bridges and end spans of three span bridges, have
greater overstrength values than single span bridges but lower overstrength factors than
the interior spans. Unlike the interior and single spans, the exterior spans fail at
approximately 0.4*L distance away from the free support due to indeterminate behavior.
Table 5.3 presents both the Grillage and FEM overstrength factor results in increasing
span length order. All but 3 of the 24 exterior spans are redundant according to FEM and
Grillage analysis methods; and 1 of the 3 spans is considered redundant under FEM
analysis. Increasing span length and decreased radii of curvatures vyields lower
overstrength factors in exterior spans and is complementary to trend seen in single spans
and interior spans. Majority of the exterior spans (all but 3) the Grillage overstrenght
factors are less than the FEM analysis results, which was expected. Figure 5.7, Figure 5.8,
Figure 5.9, Figure 5.10, and Figure 5.11 depict detailed FEM and Grillage analysis results
for shorter (span lengths<150 feet) exterior spans. Figure 5.12, Figure 5.13, and

Figure 5.14 compare the results for average (150 feet < span length <200 feet) exterior
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span lengths. Figure 5.15 and Figure 5.16 illustrates the results for FEM and Grillage
analysis of longer (200 feet < span lengths <250 feet) exterior spans. Finally, Figure 5.17

displays the results for very long (span length > 250 feet) exterior spans.

Table 5.3 Exterior Span Results

ID Span R (ft) L (ft) B (ft) S (ft) FEM | Grillage
9 3 764 126 28 7.4 1.80 1.53
4 2 195 128 28 7.6 1.73 1.32
4 1 195 132 28 7.6 1.65 1.30
9 1 764 140 28 7.4 1.70 1.35
6 1 819 140 38 9.8 1.80 1.43
6 2 819 140 38 9.8 1.80 1.43
5 1 450 140 30 9.7 1.20 1.10
5 2 450 140 30 9.7 1.20 1.10

12 1 225 140 28 7.6 1.60 1.20

12 3 225 145 28 7.6 1.60 1.15

10 1 716 148 30 7.7 1.70 1.71

14 1 1010 150 28 6.5 1.65 1.25

14 3 1010 150 28 6.5 1.65 1.25

13 1 450 152 30 9.3 1.00 1.10

13 3 450 152 30 9.3 1.00 1.10
7 2 764 190 28 7.4 1.45 1.25

10 3 716 190 30 7.7 1.45 1.25

15 1 809 200 28 8 1.70 1.40

15 3 809 200 28 8 1.70 1.40
7 1 764 219 28 7.4 1.20 0.94

11 1 819 223 28 7 1.60 1.35

11 3 819 235 28 7 1.60 1.30
8 1 882 265 28 8.4 0.99 0.83
8 2 882 295 28 8.4 0.88 0.60
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Figure 5.7. Results for Short Exterior Spans of Fracture Twin Tub Bridges
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Figure 5.9. Results for Short Exterior Spans of Fracture Twin Tub Bridges
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Figure 5.10. Results for Short Exterior Spans of Fracture Twin Tub Bridges
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Figure 5.11. Results for Short Exterior Span of Fracture Twin Tub Bridges

FEM and Girllage Analysis results are in acceptable agreement for short exterior
spans, and all short exterior spans in this study are considered redundant. The Grillage and
FEM results for exterior spans from Bridge 4, located in Figure 5.8, and Bridge 12, located
in Figure 5.10, vary more than the other spans short span category. This difference can be
accounted for by their tight radius of curvatures (195 feet for Bridge 4 and 225 feet for
Bridge 12) and is conservatively accounted for in the Grillage analysis method. Span 1 of
Bridge 10 is another note worth short exterior span due to the Grillage overstrength factor
(1.71) being greater than the FEM value (1.70). This can potentially be accounted for by
the lack of elastic representation in the FEM data. However, since both methods provide
overstrength values significantly greater than one, Span 1 of Bridge 10 can be considered

redundant.
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Figure 5.13. Results for Average Exterior Spans of Fracture Twin Tub Bridges
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Figure 5.14. Results for Average Exterior Spans of Fracture Twin Tub Bridges

Grillage analysis and FEM results for average length exterior spans are
complementary to one another. In all cases but one, Spans 1&2 of Bridge 13, the Grillage
overstrength factors for average length exterior spans are lower than the FEM overstrength
factors, which is expected. Bridge 13, Spans 1&2, present a minor contradiction to the
trend of FME and Grillage results but both methods present overstrength values greater
than or equal to one, and therefore redundant. Another observable trend of average exterior
spans is that as the length of the span increases the disparity between the FEM and Grillage
results increases slightly. The slight increase can be attributed by the increasingly

conservative approach of Grillage analysis.
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Figure 5.15. Results for Long Exterior Spans of Fracture Twin Tub Bridges

Grillage and FEM results for long exterior spans are in close agreement will the
Grillage analysis results offering a more conservative outcome. Span 1 of Bridge 7
presents a discrepancy in redundancy when comparing the two methods having and FEM
overstrength of 1.20 and a Grillage overstrength factor of 0.94 (less than 1). However,
with the Grillage method being a conservative approach, if the Grillage method provides
a result marginally close to 1 it is advisable to use a more rigorous method of analysis.
Other spans of the long exterior span category are classified as redundant by both analysis

methods.
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Figure 5.16. Results for Long Exterior Spans of Fracture Twin Tub Bridges
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Figure 5.17. Results for Very Long Exterior Spans of Fracture Twin Tub Bridges

Spans 1&2 of Bridge 8 are both considered very long exterior span (span length

> 250 feet). FEM and Grillage analysis results are in agreement with one another with
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the Grillage analysis being more conservative. None of the very long exterior spans are
considered redundant as both spans have overstrength factors less than one utilizing both
analysis methods. Due to a lack of redundancy of the very long spans, there may be a

length limit at which exterior spans may no longer be considered redundant.
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6. GRILLAGE METHOD DESIGN GUIDE*

6.1. Procedure
The computational analysis of the Fracture Critical Twin Tub Girder Bridges (TTGB) may
be implemented using commercial nonlinear structural analysis software. Programs such
as SAP2000 may be useful to carry out the following steps. Detailed design examples for
Bridge 2, Bridge 5, and Bridge 10 are located in Appendix C. The steps detailed in this
section are as follows:

1. Define cylindrical coordinate system

2. Define non-linear material properties

3. Define member section properties

4. Define section hinge properties

5. Assign frame members to grid

6. Assign hinges to frame members

7. Assign boundary conditions

8. Define load patterns and load cases

9. Assign frame loads to frames

10. Assign data collection points along frame members

11. Run analysis for dead load case

12. Run analysis for all load cases

* Part of this chapter is reprinted with permission from “Analysis Guidelines and Examples for Fracture
Critical Steel Twin Tub Girder Bridges” 0-6937-P1 by Hurlebaus S., Mander J., Terzioglu T., Boger N.,
Fatima A., 2018. Texas A&M Texas Transportation Institute, 11-20, Copyright 2018 by Texas A&M Texas
Transportation Institute
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13. Replace hinges at fracture location

14. Run analysis for all load cases

15. Post process the data
6.1.1. Define Cylindrical Coordinate System
For the TTGB, the longitudinal grids need to be located at the location of the two exterior
edges of the bridge, the centerline of the two exterior top flanges, and the two interior top
flanges. The transverse grillage grids need to be located at ends, at 7 ft spacing increments
in the middle of the bridge (for easier assignment of the HS20 truck load), and at pier
locations for the case of a multi-span bridge. An illustration of the grid system for a single
span bridge is located in Figure 6.1. The transverse spacing increments will need to be

converted to a radial spacing in the cylindrical coordinate system using Equation (6.1).

) ) Spacing Length 180
Radial Spacing (deg.) = (Radius of bridge) i ( s ) (6.1)
|;||\‘ _,:
I |
A

Figure 6.1 Grillage Grid System for a Single Span Bridge
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6.1.2. Define Non-Linear Material Properties

The fractured TTGB will be analyzed at ultimate loading conditions therefore the steel
and concrete components of the bridge will be taken beyond their elastic capacity. The
composite girder and deck system is composed of concrete that will reach cracking and
crushing strains and rebar and steel plate that will reach strains beyond yielding. The
material models to be used are represented in Figure 6.2. Nonlinear constitutive material

behavior is defined in the advanced properties within the material definition.

R REE /
/
H g / 2
i H / 8
(@) Reinforcing Bar (b) Steel Plate (c) Concrete

Figure 6.2 Constitutive Material Models (SAP2000)

6.1.3. Define Section Properties

Using the section designer feature in SAP2000 a composite tub, deck, and railing section
can be generated. The exterior longitudinal member, in Figure 6.3, consist of: the railing,
the deck from the centerline of the girder to the exterior edge with corresponding
reinforcing bar, one top flange, one web, and half of the bottom flange. The interior
longitudinal member consist of: the deck from the centerline of the bridge to the centerline
of the girder with corresponding longitudinal reinforcing bar, one top flange, one web, and
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one half of the bottom flange. The transverse members, in Figure 6.4, consists of concrete
deck and transverse reinforcing bar. However, it is critical to set the weight modifier to
zero of the transverse section as to not double count the concrete deck weight. It should
be noted that as the steel plate members change dimensions and the reinforcing pattern
changes throughout the length of the bridge new sections will need to be created to

represent the new dimensions.

a) Exterior Longitudinal Member b) Interior Longitudinal Member
Figure 6.3 Representative Longitudinal Members
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a) End Transverse Member b) Interior Transverse Member
Figure 6.4 Representative Transverse Members

The fractured girder can be modeled by simply copying the exterior and interior
longitudinal sections and removing the bottom flange, web, and top flange steel plate
components.

6.1.4. Defining Hinge Properties

Following the creation of the necessary longitudinal and transverse members, plastic
hinges need to be created for each section. The grillage push down analysis will generate
plastic hinge formation under the ultimate loading condition. Within the section designer
of SAP2000, there is a moment curvature response tool which allow the user to generate
moment curvature data for each of the members created in Step 3. The data form SAP2000
is then exported into an Excel spreadsheet. Then the angle on the Moment Curvature
window can be changed to 180 to get the negative moment curvature and once again the
data is exported to the same Excel spreadsheet. The moment curvature response is then

normalized against the maximum positive and negative moments and their corresponding
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curvatures and plotted. The hinge definition window in SAP2000 will only allow four
normalized positive and negative moment curvature data points per section hinge.
Therefore, a best fit plot for each moment curvature response needs to be generated in
Excel using only 9 points (4 positive, 4 negative, and 1 zero). The hinge length is assigned
as half the member depth. A representative hinge property is depicted in Figure 6.5. For

ease of convergence nonnegative slopes are recommended for the hinge properties.

3 Frame Hinge Property Data for LengOUT - Moment M3 b3
Edit

Displacement Control Parameters

Point  Moment/SF Curvature/SF ~ (O Momer

13 = @ Homer
[ RES 2= i
c

.

i
[ Reative Lengin

Hysteresis Type And Parameters

Hysteresis Type Isatropic v

No Parameters Are Required For This
Hysteresis Type

Load Carrying Capacty Beyond Point &

O orops ToZero
@® Is Extrapolated

Scaling for Moment and Curvature
Positive Negative

[ Use Yiekd Moment  MomentSF 250798 144085,
[ Use Yie Curvature  Curvature SF |5.960E-05 5 950E-05

(Steel Objects Only)
Acceptance Criteria (Plastic Curvature/SF)

I wmediste Occupancy.
Life Safety

g

Collapse Prevention

[ Show Acceptance Criteria on Plot

Figure 6.5 Representative Hinge Property

6.1.5. Assign Members to Grid
Using the “quick draw” fame section tool in SAP2000 the various longitudinal and
transverse frame sections can be assigned to the grillage grid that was established in Step

1 by merely selecting the desired section from the drop down menu and clicking on the
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appropriate grillage grid. Figure 6.6 shows a screenshot from SAP2000 after all members

have been assigned to a simple span bridge.

Properties of Object [<]

Line Object Type Straight Frame
Section Trans
Woment Releases Continuous.
X Plane Offset Norma 0

Figure 6.6 Screenshot of SAP2000 Post Frame Section Assignment

6.1.6. Assign Hinges to Frame Members

At this stage, the longitudinal and transverse members are already assigned to the grillage
grid. To allow for plastic hinge formation hinges need to be assigned at the nodal
intersection of all members as represented in Figure 6.7. Longitudinal hinges need be
placed at both joints at the end of each member. Transverse hinges need to be assigned at

a distance of half a top flange width away from each node.
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Figure 6.7 Representative Hinge Assignments

6.1.7. Assign Boundary Conditions

The support conditions of the physical bridge are elastomeric bearing pads. These will be
represent by springs with a lateral stiffness of 6 kip/in. and a vertical stiffness of 3050
Kip/in. in the grillage model as represented in Figure 6.8. For the single span bridges,
springs will be assigned at each of end longitudinal joints. For the two and three span
bridges, springs are also assigned to the ends longitudinal joints as well as the joints at the

pier location.
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Figure 6.8 Spring Boundary Conditions

6.1.8. Define Load Patterns and Cases

For the single span bridges, two additional load patterns need to be created: the HS20 truck
load and the lane load for lane load. For the two and three span bridges a HS20 truck load
pattern needs to be defined for each span and the same follows for lane load. Once, load
patterns are established load cases need to be created. Each load case represents a load
combination of 1.25*DL+1.75(LL+IM) where DL=dead load, LL=live load, and
IM=impact load or 1.25*DL+1.75*LL+2.33*HS20 where DL=dead load, LL=lane load,
and HS20=truck load. Each load case should be set to nonlinear behavior. The first load
case should start from a zero initial conditions. Each proceeding load case should start
from the end of the previous load case. Each span should have its own set of load cases.
Also, each load case should be divided into 20 or more steps.

6.1.9. Assign Frame Loads

Two lanes of HS20 truck loading should be assigned as a series of point loads; and the
two lines of lane loads should be distributed as line loads to the longitudinal members (as

depicted in Figure 6.9) . A HS20 truck load consists of two sets of 16 kip axle loads and
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one set of 4 kip axle loads spaced 14 feet longitudinally and 6 feet in transversely. The
first line of axels will be placed 3 ft from the curved edge, the second 9 ft from the edge,
the third 15 ft from the edge, and the fourth 21 ft from the edge. The middle axle load of
each truck should be place at have the span length on the single span bridges and interior
middle spans of three span bridges. The middle axle should be placed at approximately
0.4*L from the end of the end spans of two span and three span bridges. Two lanes of lane
loading (0.64 Kip/in. each) located at 8 ft from the edge, and the second line located at 20
ft from the edge. However, since the longitudinal members are placed according to the

girder placement, the lane loads have to be distributed according to tributary area.
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Figure 6.9 Grillage HS20 Truck and Lane Load

6.1.10. Assign Data Collection Points

At the location of each of the center axles, the transverse members between the outer

longitudinal member and the interior longitudinal member need to be divided it two pieces
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using the divide lines feature in SAP2000. This allow for the collection of data at the
centerline of the member.

6.1.11. Run Analysis for Dead Load Only

In order to get to dead load value of the data the intact bridge should be ran solely under
the dead load case. The reactions should be recorded for all supports.

6.1.12. Run Analysis for All Load Cases (Intact Bridge)

For the intact bridge run all HL93 load cases for the span being evaluated. Once the
program has ran, collect the displacement data for points 1 thru 4 (seen in Figure 6.10)
and the centerline points of the inside and outside girder at the location of the center axle.
Be sure to obtain the results in the step-by-step format so that the load case and step for
each displacement point can be collected as well. This process will be completed once for

each span.

Girder Inside of Curve Girder Qutside of Curve
CL cL
Point Inside Point Point Outside Point

1

Girder 2 3 Girder ,4
o o e R RS
-:-:."’-j-.'-*"ij.;?‘-’{-E:}-". s

RHRNNNHALHIILX KKK H AKX
RS }:%-:-}:é-;}:{-:‘} et

ottt

Figure 6.10 Location of Grillage Data Collection Points
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6.1.13. Replace Hinges at Fracture
At the location of the center axle for the span being evaluated, replace the longitudinal

hinges on the outside girder with their fractured counterparts. The hinge assignment is

depicted in Figure 6.11.
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Figure 6.11 Fractured Hinge Pattern

6.1.14. Run Analysis for All Load Cases (Fractured Bridge)

For the fractured bridge run all HL93 load cases for the span being evaluated. Once the
program has ran, collect the displacement data for points 1 thru 4 (seen in Figure 6.10)
and the centerline points of the inside and outside girder at the location of the center axle.
Be sure to obtain the results in the step-by-step format so that the load case and step for
each displacement point can be collected as well. This process will be completed once for

each span, making certain to replace intact hinges in the preceding span before assigning
fractured hinges in the following span.
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6.1.15. Post Process Data

For both the intact and fractured bridge the following calculations need to be made:

e Omega (Q)
1

o ;=0; 4+ (# of Steps in Load case)

e Longitudinal Chord Rotation of Interior and Exterior Girder
5
o Chord Rot.singie span or interior span = —1 * (o,sc*LL)
5
o Chord ROt-Exterior Span — —1x (OéffL)

o The above equations are in radians

e Transverse Deck Rotation

o Relative rotation of deck at inside flange of inside girder
. _ (8382 _ (82=6,
@ = (52) - (557)
. _ (83=82\ _ (84=63
as-2 = (52) - (57)

= Where s=spacing between the interior top flanges of the inside

and outside girders and w=spacing between the top flanges of the
same girder

= The above rotations are in radians.

e Applied load
o Calculate unit applied load or applied load at 1 Q

» Unit Applied Loadingie span = 1.25 *
Total Reaction from Dead Load Case + 2 * (2.33 *
HS20 truck + 1.75 * Lane Load)

* Unit Applied Loadmyti span = 1.25 *

Total Reaction from Dead Load Case * (LLS’i) + 2 % (2.33 %

Total

HS20 truck + 1.75 * Lane Load)
=  Applied Load = Unit Applied Load * (2

e Intact Stiffness of Intact Bridge
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0.4
Abs(8oG-cL)

e Instantaneous Stiffness for Fracture Bridge

o Initial Stif fnesSmract at 0=0.4 =

02i—0i4
6i—6i—4

The criteria above can be organized into an Excel spreadsheet noted in Figure 6.12.

o Instantaneous Stif fnessSpc_rrac. i =

A B C D E F G H I J K L M v X Y z AL AB AC AD
1 Intact 0G-CL 1G-CL Point 4 Point 3 Point 2 Point 1 Applied oG 1G
Load Case [Loadstep| 0 |Delta(in)| Chord (rad) | Delta(in) | Chord (rad) |Delta (in)|Delta (in)|Delta (in) |Delta (in) o 23 (rac)| @ 32 (rac)| 22 | qqeal) |pemtagim)| Y |pemamy| MOY | @2 | a2
2 (kip) (deg) (deg) (deg) (deg)
3 L1 0] 0 0| 0.00000 0] 0.00000| 0| 0| 0| 0| 0| 0| 0| 0.00| 0.00[ 0.00000| 0.00] 0.00000| 0| o
4 LC1 1] 0.05 -0.1037| 0.00015 -0.087926 0.00013| -0.10541| -0.10129| -0.0942| -0.07905| 7.89E-05| 4.54E-05| 66| 0.05| 0.10[ 0.00861| 0.09] 0.00730| 0.004522| 0.002831
L 2] 0.1 -0.2074 0.00030] -0.175851| 0.00025| -0.21081| -0.20258| -0.18839| -0.15808| 0.000158| 9.88E-05 132 0.10| 0.21] 0.01722] 0.13| 0.01460| 0.003043| 0.005662

Figure 6.12 Spreadsheet of Grillage Data

Failure Criteria;

e The instantaneous stiffness for the fractured outside girder is less than 5% of the
initial stiffness of intact outside girder.

e The chord angle of the outside girder for simple spans or interior spans is greater

than 2°. The chord angle for exterior spans in multi-span bridges is greater than
3°.

e The transverse deck rotation is greater than 5°.
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7. CONCLUSION AND FINDINGS*
7.1. Conclusion
The Grillage Push-Down Analysis has proven to be an accurate lower bound solution to
modeling fracture twin tub girder bridges in this research and shown that it can be an
effective tool for declassifying twin tub girder bridges as non-redundant structures. The
Grillage results, in vast majority of the bridge spans analyzed, is conservative and in good
agreement with the FEM results.

Single span bridges presented the greatest amount of difference between FEM and
Grillage analysis results. Shorter single span bridge Grillage results have better agreement
than the longer single spans with FEM results however the results were still not consistent.
Long single span bridges show very little consistency between FEM and Grillage analysis
with an average 77% difference in the results, where the shorter single span bridges have
28.7% agreement. However, both FEM and Grillage analysis demonstrate a lack of
redundancy of long single span bridges. This is understandable due to the lack of structural
redundancy at a fixed support.

Interior spans of three span bridges show the greatest amount of similarity between
the Grillage and FEM results of any of the bridge categories, with an average 13.9%
difference between results. All of the interior spans demonstrate redundancy, having

overstrength factors greater than one. However, it should be noted that the longest interior

* Part of this chapter is reprinted with permission from “Fracture Critical Steel Twin Tub Girder Bridges
Technical Report” 0-6937-R1 by Hurlebaus S., Mander J., Terzioglu T., Boger N., Fatima A., 2018. Texas
A&M Texas Transportation Institute, 283-285, Copyright 2018 by Texas A&M Texas Transportation
Institute
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span, Span 2 of Brige 11, having a length of 366 feet approached an overstrength factor
of 1, implying that there may exist a limit on span length at which interior spans can no
longer be considered redundant structures.

Exterior spans, like the interior spans, show satisfactory compatibility between the
Grillage analysis results and those gathered from FEM. There is only an average 17.8%
difference between the two analysis methods with the Grillage analysis being
conservative. Span 1 of Bridge 7, is the only bridge that presents a conflict of results as to
the classification of redundancy. The Grillage Analysis yields an overstrength value of
0.94 whereas, the FEM analysis calculates the overstrength factor to be 1.2. However, as
discussed in Chapter 5 with spans that present overstrength values marginally close to 1
under Grillage analysis, may warrant the use of a more rigorous approach (such as FEM)
to reclassify them as redundant spans. It should also be noted that the two very long
exterior spans, Spans 1&2 of Bridge 8 (265 feet and 295 feet respectively), fail prior to
reaching an overstrength value of 1 under both analysis methods. This is indicative that a
span length limit exists for exterior spans to be considered redundant structures.

An additional parametric was conducted to evaluate the effect of increasing
concrete strength, reinforcing bar area, and deck thickness on the overstrength factor of
the fractured bridge. The results demonstrated that increasing all three variables increases
the overstrength factor for both the single span bridge and the interior span evaluated
(Bridge 2 and Span 2 of Bridge 9). Increasing the deck thickness was most effective in
increasing the overstrength value for the single span bridge. However, increasing the

percentage of reinforcing bar was most effective for increasing the overstrength value of
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the interior span analyzed. The outcomes of this portion of the research demonstrates there
are ways to improve the bridges that are marginally close to being redundant in a way to
reclassify them.

7.2. Findings

1) Bridges can be declassified a non-redundant structures if determined by the
Grillage method of having a satisfactory overstrength value (€2>1). Or if they
have a Grillage overstrength value marginally close to 1 and determined by a
more rigorous method to be sufficient (such as FEM).

2) Due to the inconsistency of the Grillage and FEM results for single span bridges,
it is advisable to continue to classify all single span bridges as fracture critical
unless the span length is < 120 feet.

3) If a bridges span has structural redundancy, as provided by continuity of a girder
over interior supports bridges may be declassified so long as the following
conditions are met

a. Exterior Spans < 250 feet
b. Interior Span <350 feet
C. Achieve an acceptable overstrength value (Q2>1) under Grillage Analysis

4) If all the above conditions are not met a more rigorous analysis method should be

utilized (such as FEM).
7.3. Future Work
The research results presented in this dissertation provide substantial information and data

to support grillage analysis as an acceptable analysis method for steel twin tub girder
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bridge post fracture of the exterior girder. However, there are many areas where this

research could be supplemented with further research. Areas of additional research include

the following:

1.

Improving compatibility between FEM and Grillage analysis results for single
span bridges by altering grillage method. The greatest amount of variation between
the two analysis methods occurred in the simple span bridges. Many times the
grillage analysis was significantly lower than that of the FEM analysis. This could
simply be due to the simplicity of the model but improvements to the model to
should be investigate to see if greater compatibility could be achieved between the
two methods for simple span bridges.

Strive to generate hinge moment curvature behavior more compatible with cross
section moment curvature response. The moment curvature behavior of hinges in
the grillage analysis are fairly accurate. However, due to limitations within
SAP2000, no regions with negative slope could be represented in the hinge
properties without crashing the program due to convergence issues. Investigating
how to incorporate the regions of negative sloping moment curvature response into
the hinge properties would be valuable.

Conducting a more comprehensive assessment of the effects of various variables
such as deck thickness, reinforcing bar area, and concrete strength on the
redundancy of the bridges. A brief study was completed as part of this research but
a more in depth assessment is warranted. It may be of value to change plate

thicknesses of the steel as another variable.
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4. Adjusting time of fracture initiation in grillage models. The FEM analysis initiates
the fracture of the exterior girder after all construction loads are applied. However,
due to software limitations, the grillage analysis method initiates the complete
girder fracture before construction loads are applied. This scenario does not
adequately represent how the bridge is loaded in the field. More time should be
invested into determining how to represent a more accurate fracture sequence in

the software.
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| B 1x72 B 1/exT2 E ix72¥ i
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SHEAR CONNECTOR STUD DETAIL
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32'-5"

(VARIES FOR UNIT H12)
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(VARIES FOR UNIT H12)

OVERALL (VARIES FOR UNIT H12)
9 -25" ! 23" -24"
(VARIES FOR UNIT H12)
1[_2/2" ) 30 -0" ) l:_2|/2n
: ROADWAY (VARIES FOR UNIT H12) tv?géss
UNIT
FACE OF RAIL ~— B CONNECTOR H FACE OF RAIL H12}
2h" T BARS @ 12" (TOP) 2/
85" | £ BARS @ 12" (TOP) BETWEEN BARS T g/
OVER INTERIOR BENTS (SEE PLAN FOR PLACEMENT)
T
| oosy s «|2
VARIES 3|~ 2 A BARS (TOP) R
o - — -~
T x| n 8 BARS (BOT) ]
WlE /—ch “3 . /_ )
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=2 f ~ 1 | | = ef_'i T _eﬁ'l
/. b €9 T
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(Bom 17 -9 12-D2 BARS| @ 7" (BOT) 1°-9" o -9° 12-D4 BARS|@ 7" (BOT) 17 -9, (BOT:
> -
—-|Q
ararare 9 | g g"|ar||!3
2/2"1|5-D1_BARS 14-D3 BARS @ 7" (BOT) 5-D5 BARS| | 2/ 13)
(BOT) (BOT) '
BAR TABLE )
BARS SIZE
A =5
] 25 |
N L L] |
T LT ]
z &4 |
i I
7. 458° | 17. 500" i 7.458° GIRDER



—& GIRDER

_|;L L 5x3/2) (SLO)
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(\\ R Yaxi8x1’-8"

CROSS FRAME - TYPE A18
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2% 3 SPA.

\

‘— 18" FLANGE

WTex44,5 (TYP)

f" o
s
» OPTIONAL ONE SIDE .

IN LIEW OF BOLTING

TOP LATERAL BRACING CONNECTION

DETAIL - UNIT H12

(18" TOP FLANGE)
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24 SPACES @ 1'-0"

T STUD SPACING

- T"l
€ Box GIRDER Te"dx6" STUD |,—€ DIAPHRAGM e ,—— & BOX GIRDER
SEE DETAIL 'c'\J \‘ [ (A108) (TYF) Rixi8 i JVL/—EIII!
O N | L 1 1.1 1 . 0 A0/0 1 1.1 1.1
BENT BY/ax4 LAF3L ] Emn—/ | \—ﬁ— Rix1g— \—B—
— e LA ' % > e
1 DIAPH
Rixe by owen | sy 5 . L1 oue RAGM 1 o1 7
BEARING | . H
STIFFENER MHL- _R-6" 4, : 1 144" DIAMETER HOLE
P (VERTICAL) S— : . . FOR 1" DIAMETER BOLT
¥ e - | 4o ° (A325) WITH HEX NUT |
® - = o Q7 N AND WASHER
] m o &= (TYPICAL AT WEB)
R1l/xax4’ -0 - 1
JACKING ) of =
STIFFENER i . ) wu2-L5X5M/; (TYP) ® X
(VERTICAL) H . ; N
/*E - j /%P /%P
1 1 [y — i
B L P L cep s 7 N E—
SEE DETAIL a—/r e SEE TYPE 3 BOTTOM  LIX18 1 i)
4 FF)

re

SPLICE DETAIL

DI

ww USE 3" BENT B AT SKEW

APHRAGM TYPE D13

TEMPORARY '
ERECTION
CROSS FRAME

WITx3e

a) \
w e ‘

2 WITx34 (TYP)

TEMPORARY ERECTION CROSS FRAME TYPE C2
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Rixo
BEARING
STIFFENER
{VERTICAL)

Bil/xax4’ -0"
JACKING
STIFFENER
(VERTICAL)



BRIDGE 2: 12-102-0271-17-530

E Bent 11

+
3
0
=i
Y
o
Q
Q
L=
Lo

Dlophragm Spa. 114" \
measured alsmg L 10 Eq.Spa. @ !1.308 (Along PGL)
€ sSB ENTRANCE

RAMP 3n

T

7r-2n
'hl
13 -3n 6 =T
|
I'c:\ ‘
4;
|

Stiffener
(Typ. )

267 -5"
19° '2')"2”

€ Gir.2

J
W

6 -7
.

gﬂi}iﬁi__l_[ e—— § Access Door
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Girder | & 2 i A

Shear Connector | ) 75 Eq. Spa. @ 1.50" ()

Spacing I_‘:'
2..., R Ill x |B||
i N
e L
i z
][] ]
i -
r-l- 1|1 2..,5/{!“ Web R-
. I
- 1]
1|1
1
T See Detall
‘ \—FE 1" »x 50" (Tension Flange)
3|| 3”
el e 1Y
& bro. —& Brg.
4 Bent 11 Foce of Abut, |2 —=f

Bkwl.

BOX GIRDER ELEVATION (TYP)
(DIMENSIONS SHOWN ARE ALONG € GIRDER)
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26° -5"

7 -2 L 19 -2/,
Bars D 3" —me" I 1 g/ spocing Max. 6" | 3¢
Spacing
SSTR . a
b Ral! o Rall type SSTR(See standord rail
it Y _ sheet for additional reinf.)
b o~ A
Enl !;. - ‘7 : -- --. L3 v ‘-' :- . - v — - > - — - - - - — - = - : . - - .
Drip Bead —] f _/' 1 =R T - p—
¥ Chomfer B8
Cont inuous
(Typ.}
P 5 Eg. Spo.
Bars D 3" (Bott.) 7 £q. Spa. (Bott. 3 Eq.Spa. 3"
SDOC‘“Q 2n on n 2n

 BOX GIRDER ELEVATION

(TYP)

(DIMENSIONS SHOWN ARE ALONG € GIRDER)

Top of bridge slab--\

¥ 20
Min

[

— 4~Y%" Dila, Studs
with heads for

% The
the
requ
stuc
7"
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2 -1

2 Eg.5pa. 2 =T Sheor Stud
L L Spacing
6-Thh x &
Studs
B
PL I " x IB'- 4 cirger € 1 ¥ § Holes for 1"
Erection Bolt(A-325)
A 1o-ge gn| e
| C ) FClip (Typ.)
See Diophragm Type G € Girder |I ?:sm?rl‘{ljglg:dogié?ls
ﬁ Iﬁ’ I for splice detalls Ye PL Yo' x 129 % 17-8" |
 ——— - B T )
| 4y
rng. Stiff. |
7y x 8
op
Typ. ) W
g ¢ :
z N x 1
Typ. Jocking. Stiff, —= .
PL 1Yz x & PL %" x T
e
ey

Clip (Typ.}
See Clip and Weld
Termingtion Details

G

DIAPHRAGM ~ TYPE A

Clip (Typ.)
See Clip and Weld
Termination Details

D o T

DIAPHRAGM ~ TYPE B
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Typ.
§ Girder %V <

§ Girg
Ql Temp. Erect. Diaophragm reer

)

I
Erection Boit

3 S
{A-325)Typ.

WT TxZ21.5

Interlor
D i aphraogm

Interior
D iaophragm

Cope os reqg’d.
one slde only

iTyph:ulJ\

WT Tx21.5

\9¥V—<TYD.

6 -1

DI APHRAGM ~ TYPE F (Temporary)
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€ 12 ~T " x 8" Studs-A108

= € 38 ~ 1Vig" ¢ Holes for
~ 1vd Boltsa325)

W, nut S wosh.
PL 1" ox 18"

PL

[

LS5 x5 x 1/2(Typ.}

LB x5 x 1#2tTyp.)

| TYPE @' D1APHRAGM |

€ 13 - W § Holes for
1"h BoltsrA3zs) A

—Dlaphragm PL 1"
wihex. nut/wash. _\*f

. - See Detall |
1F21Typ. b /
e !
TYPICAL ARRANGEMENT ' . I | ] A
< S N U= A"
|< (Typ.) \__d_,

ELEVATION

DIAPHRAGM ~ TYPE U
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Pow 1E

T
! III I

f:"t—-.___ w!héxvnu+/w05n' | | . -|
'Il'i;‘:':‘ T PL 1" x |6||.;(3'-||u ﬁl || ﬁ
= r\u ‘
3 L \_97 1\_ =
rul'J}.,\_? e e 5{5:
/@ TYPE "A" DIAPHRAGM s o /}1
.n'g. L5 x S x 1/20Typ.) . éELl‘:;hmm
o) :
L -; f?
5
TYPICAL ARRANGEMENT -G 10 - Yg" o Holes L5 x5 x 1/2(Typ.)
pr for | Boltsiadzs)
w“hex' ﬁl.l‘h’t'us,hl
PL 1™ x Iﬁ"_ﬂ’
2" | |2 Spa, g
rAa
(i 16 = e " qJ Holes for
1 Boitsazzs)
wohex, nut Swash,

£ Brrig.
& Diophragm

DIAPHRAGM ~ TYPE G

BOTTOM PLAN
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10-2n

Shear stud 2 -Th" 2 Spa.=l-iin 2 -Ti"

Spacing (Typ. ! [ I

{50 1 Girder
6" EII 1'_0“

PLIM X 16 ‘ﬁ‘ ﬁ' for Spiice

R DR,

N T

SRR R

Box Girder Tog Flange

Clip outstanding stem
of WT. 7 = 21.5

1 :
[\
ELEVATION OF END OF
STRUCTURAL TEE OF
LATERAL BRACING TYPE "11"

BL IA" % B
Bearing Stiffener

He & Access Hole
% -I— e Li—
e | Il
e LB: & piaphrogm I
PL Il x B et % / <1tr + | Y Al
Jocking St1ffener —97 D1 aghragn i i
Hie BL I \ =
‘bo* ¥ ? I
(Typ. ) | .%..., =l Merd Hole in I
[l Il N Top Flange PL and Il
= ! AN e A
Cllp (Typ.) 2" MIn Il - Har dened 'lgsner each I
See Ciip and Weld o (Typ _

ferminerjon berer 0 TYPICAL PLAN VIEW OF
DIAPHRAGM ~ TYPE Q LATERAL BRACING TYPE 11"

Instal led In shop except af locotions spanning a
Fleld spllce, which shall be fnstalled in the fisid.
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BRIDGE 3: 12-102-0508-01-294

5 £0,5PA0 10,707 53.50° . 10 £0.5PA.@ 12.108"= 121,08

DIAERAM SPA. . 96 29 5 EQ.SPA.0 10.70°= 53, 50¢
MEASURE D BRE. R
WEARG € om0 EIELD. , 0

.25} EDGE OF SLS—~_ P PLICE

————— . SPA,
T (Las — ——
0 ¥ /T
£ \\u‘ /,/ D
1 l I
. w
3 4 6w w w| € CONNECTOR D | RAD=2207. 26—,
& N ————""¢ ACCES5 DOOR |
g BRI = T
e NN "L( ' %
T Gix] o [E o
= = o | | L ‘:\ | N i

;ﬂ [ 1 L
i TR R [ — T T T T T T TN T T T T T T
L T £0GE OF SLAB WT Bx33,5-TYPICAL
o
i1 . |3a
=:c SPAN 34 2 |er
w T |en
H L e
Wl oo S |he
e wal T
gl & - EE:-.
Wi Z
- BITT11-091 = |
™ |
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GIRDER | 230, 84"

TOP FLANGE 20.58° _ _ 20.79° 148, 10 . 20. T9° 20, 58"
BOTT. FLANGE 20.58° | 20.79° | 148. 10" 20.79- | 20.858°
SHEAR COMMECTOR ' | 153 E.5. @ 1.5° (%) ' ' )
SPACING T 708 L 108 -]
BOTTOM FLANGE IM TENSION
GIRDER 2 228.58°
TOP FLANGE 20.78° _ _  20.98° 145, 06° 20. 98" 20. 76"
BOTT, FLANGE 20. 78" | 20.98° I 145, 06* 20.98" 20.78°
SHEAR COMNECTOR i ! 152 E.5. @ 1.5 (%)
SPACING - 708° . T08"—
BOTTOM  FLANGE IN TENSION
=— FACE OF ABUT.3S
BACKWALL
L 25°
€ BRG., ~SEE BEARING BRG. ~SEE BEARING
£ BENT DETAILS oL 30 & DETAILS
. P . / PL 25 PL M-
. L~ PL IV o IL 2 I hni i _‘I\ 1T 7
T ] .
i BRG, D1 AFRAM BRG. 0l AFRAM =i =
"
¥a© WEB PL — ¥a= WEB PL —
SEE DET'L | SEE DET'L 1

o | I

\ -
SPAN 34
ELEVATION

FL 14" x VARIES (WIDTH) PL 14" x VARIES (WIDTH)

"—PL 1% ﬂPL ¥
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BARS D 3" 5°6°8° 8" 46~BARS D @ 9° (+)SPA, (MAX. ) (TOP) 8* 8" 6"5° 3* BARS D
SPA, (TOP) H w ]| SPA. (TOP)
. -]
RAIL TY A Dlay ‘
¢ &~ = RAIL TY.
T-501 dlg i B . 8 /TT-SOZ
N~ o
feib] z A - i
E: a—a R S & P ) L R D i
DRIP auo-/7
(TYP, ) JJ‘ L— ‘
BARS D 3* 3ES . , . 3ES * BARS D
a8 ! [ 11~D @ EQ.SPA, | 2 22-D @ EOQ.SPA. [l.2 11~0 @ EQ.SPA. 2° ; e 60T
\ / SECTION D-D
2,507 4 E0.SPA, =4,25" 2. 50"

i
=
=
p
ol
il
=H

10-T5 b= 6°STUDS-AI108
1,50 0,75°

0,75 150"

GIRDER
!

P

VERTICAL

WVERT ICAL

VERT I CAL

DIAFRAM ~ TYPE A

SEE DIAFRAM TYPE D
/’Foa SPLICE DETAILS

T
TTTSRACING

§ STIFFENER
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% * HOLE FoR ¥4"$ ERECTION
BOLT (A-325) TYP,

L Sx 5x Yy e

DIAFRAM ~ TYPE B




STIFFEMER 3 % "% HOLE FOR ¥ ERECTION
BOLT (A-325) TWP.

% ciRDER

DIAFRAM ~ TYPE C
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| | ] |
22 ~ %, *0 HOLES FOR U
Yy BOLTS(A490) w/HEX. PL 1716754 -5
HUT/WASH. TYPICAL

PL 1"xI16"

& 22~Th-ex 6°S

PL I"x=1B =47 =5

11~ B =0 HOLES FOR

T4 "0 BOLTS (A420) w/HEX. NUT/WASH.,

TYPICAL
TYPE A= DI AFRAM

Sx Ve (TYP.)

L Sx Sx Y3 CTYP.)

%hE
\—DIAFRAH PL i}'-\

i

Yz
TYPE = DlAF
. =2

I Y

L Bx Sx YR (TYP.}

FL | 'Klﬁ'j
QI SPAe.25" 0,33

€ 20~% "0 HOLES FOR
Te "0 BOLTS (A430) ws/HEX, NUT/WASH.

&
a, —
; [T G
R b s i &) [ ————— Y V= L= Y
—_— — — — = A == = = =1 ™
| i a-“",_(}HE =
1 [ &l3lg
t | =
&_\_ﬁ_-_\_‘_JLJ_ PL 1 =

BOTTOM PLAN

ELEVATIOM

DIAFRAM ~ TYPE D
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§ TEMP.ERECT. Dvi AFRAM

g ¥ "¢ ERECTION BOLT

F INTERICOR DIAFRAM
DLAEREE 8 (A-325 1 TYP, =
WT 8x 33.5 1
L4
5 ¥
o
et

' %‘IYP.

DIAFRAM ~ TYPE F _(TEMPORARY)

Bx 33.5
(TYP. )

-Be = HOLES FOR g
LTS (A490) w/HEX. NUT/WASH. TYPICAL TOP rk?ugg

3| 4 sPAg 37| | 3
TYPICAL
ELAH
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BRIDGE 4: 12-102-0271-07-637

o Figg .
ol 2 N BENT | 0RW \
sEEE A 5. 6o LA T 1 \

\
',f;h‘xB' STIFFENER B
7 (b REQUIRED
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28' -5"

3° 39 BARS T @ 9° MAX SPA 3"
9 -2," )
i
u I
I
| o
-
SSTR RAIL | x| & SSTR RAIL
| = o
BARS T | /— CONTROL . .|
BARS D—\ g & PGL 2. 00% - N ™ BARS n—\
: M U e Vadata i —r i
| ] | | |
— o — BARS D
3" ] .9- ‘-3 8 BARS D EQ SPA 1°-3f/1'-34 8 BARS D EQ SPA ' -3" ]
TYP .
=
2'-9" 7' -8" 74 -7 7°-8" 2'-9°

200



o7t 74 -B*

] I |
5-%4* DIk, BOLTS @ 3 SPA, T I |
4 PER ROW (TTF.) * i i
i T ,
h
T
o
£
-
=
. - 1*xB*
k5 = .
= 4 ,
!
]
S
=
5
i
M|
—
) bet—q BOX_BEAM
| ) & BRG. |
" DiA. BOLTS 1
i 4 PER ROW (TTP.) i
]
: : —
I
| | APHRA A T
cranFe Moe o 0r
P C; Tewe ERECT s
18 = M & cTIoN %" 014 ERECTION BOLT
I 3 -1t 3 - 2 ! MR Sadbs Tvbetrs T
|
TOF OF SLAB | 1 T0# OF SLAB |
G wEs i-—q BOX § WEB—= |

-

’E

3

2

m

. &
LR,
2°
MIN,

A -al

]

P NS

WT Tm2i.5

H .
' 0 |
Wy~ 2 -8t | 2 -8lg" I | L C
HOTEs
COPE_AS REQ'D ALL ANGLES PLACED WITH LONG LEG VERTICAL, TYP
B P - - o L R
N
TYPE B INTERMEDIATE DIAPHRAGM Wt 5 THESE D) APHRAGWS SHALL BE REMOVED WITH THE EXCEPTION
%e - 1o-0- TS OF THE Ta" DIA WS 'MEX WEAD TYPE' BOLTS TH

THE WEB. FOR LOCATION OF TEMPORARY DIAPHRACWS, SEE
FRAMING PLAM.
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BRIDGE 5: 14-227-0-0015-13-452

a Sboces ot 1g¢
= Brg & Pier [Tpev—
Lateral Broei

Type -2.(7”’"0 ¢ Beor;

. o 0; m"om,
s oy (see
) 1
o W = = é Ol 1gy
by Type \ o= Pler Di
ernd B aphraogm (see
\g ) @ ‘iﬁ.«g%?" ° = 22 Pler Diaphrogm Details)
pioph - N
o ary X
= Tempor § tlpr
§" %
L 3 3=
'8 ai 1S - S w|hn
prap an oet L T¥pe
g, pre” nte A
b '%lrfo'f'o

FRAMING PLAN
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284.654°

. A 142,541 ° o 1AZ. 113"
Fleiy Spiice’ 98.291" e 44. 000" ] B 44. 000" 97.£63°
Tanaion Flg Aoitom 1 Ton - Rottom
SMo 3pg ~ g'-07] | IO ES = 10707 i Spo ot 2z°-u- Mox i 3 JIO ES = 10°-07) 1270
Tw Fla BTN IH O < | ' . 10’ 10’ |s'_,_ 19° ) $7.963* ' *
T Ty T L g
z-ﬂ.-lY. :—n.'oz" =
w /I_Z ~PL"S 17, xS
2 -P'‘al wl1A— ‘.'-Pl'nl— 2+«Pl's 2~ PL's 1 » 18 3
: 1 2 / s H o
: -3 T ! T
p ‘. 'lulu Sullw———‘ ' [l
H -2 -PL'o % Web 2-rM'at W z
—4 5 \ ™~ 1/
Enc of cirder —H 4 R o A PUE N W N 2 ~Plialfs Wah S
. Wb . 3
' T + T H
! T
£ | M L L | P Nl .
% 174" 1 : [ A H O LA A
1 I PL Y Y +=PL 1Y I i
1 H
Botton Flange R. 29" 34_000" 10° 104 32.000" 97. 863" !
Woh Plate | 20.0007 1 78.29'" 44.0C0° 44. 000" 77.863" lz:).onn' '
£ Bont w162 Bra TY T F1 ¢ Br ,1
Ll ] }\ E 172 Ty T- E;l — /
——R:8ng - L BeNn® NO. 18M/)BL ———
Ty T-£E1 CIRDER =1
274.506°
| 137,459 1 137.047° )
Field Splice 94, 709° o 42.500° W 42. 500" 94.207"
_lension r1gQ BoTom = 14 10p Bottom
Stud Spw ~ 2'-07] | TOES - 10° 0 il Spo ol 2°-0" max ] 1o €3 - 10°-o7 2 -0
_Tep Flonge T 94.70%° . 1 PaB AB 300 10° . §56% . AT Q47297 '
™ - T ]
2-PL's 1 Y, 2~PL'e 2%
—2-ma1 ¥
| 2~ P8

2~PL's ulﬁj

Z-PL'llj

4

/—Z""L'l'l x 18

N —gnd of Olrder

s

.-._.-._.i.

H 1 '
I -3 T
i H [ & ﬂom'sm‘eo !
1 .
! . i
£nd o Gtrder —4 ! Z~PLUsYs m—/ 2 zPUs %t weo — \9~m'--/, wan i
i X
i I f 3 N o L
3+ fgrgn PL ¥, vey®i -
TR L PL V. I _J \ | Y ' ..,'. .'. 3 3
! FL 1 Y ~+—rFL 1 Y2 '|—"I
Bat+om rlm' a4 708° | 32.500° 10 | 10 32.500° 94. 207" K
Web Plate 34, 103" Jx 42.520" 42, 500" 94,297’
_.g Brg Ty T-IF1
e~ lk £ 88t ol 12— ¥ 27 %1 — I/
g 8o § Dent No. 10M/'0Z -
LE R GIRDER %2
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30'-0" Overall
15’ -0" o0 15°-0"
17-0" 2 28’ -0" Roadway & 14-0"
Girder Spa & A= 6’ -10" | 8’ -2" R 8’ -2" ) 6'-10" |
i
Face of Rail See Layout for Cross s Face of Rall ! Va" End Cover
> >
(Typ)
g | 8| 8 8 L4
£ 2 !Ys"  _ Bars T at 9" Max HoA-L, Z%—ny S| o o
® E® 1 T . T
4 PGL = = 41
o T . 3 A o o~ =
~ | TS 5 AN = 4] .
a T e J pUSUSIES - —— i A --....‘.I
«© '-. - & R ACR & & PR P T G N W " a P sl s a2l 2 o . Py
1 J 7T = - e VA e e &
D\ —%4 |k_Dzl D 2
(Typ) T 0" e 3" 7 Spa ot 9" Max 3= La?
Bars D (Typ) 3m 10 Spa at 9" Max I~
i i
i
v 8le
| i
G
c - ) s|°
i i 8|8
——C Girder #1 € Girder #2—! °
I !

3~%"sx1
Studs with Heads

S
g[L : 2 Ea. Spa.

" H
N AL
w Top Flonge

SHEAR CONNECTOR STUD DETAIL

Studs shall be Electric orc end-welded to
the flanges with complete fusion. (See
Span details for spacing along Qirder.)
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Tap Fla

Ilr.--';-'lr?—LE:liElH!&
f

U AR
Jll'-ll '-\\

1 @ Hola
fuﬁ‘r'n A325
Erection

Bolt {Typ)

WT B x 33.5
£ 10" (Typl

Bottom Flanges PL

1% Max | 1% Max
& Diaphragm

e iR AT T oM TYPICAL SECTION AT TYPE “B" EXTERNAL

INTERMEDIATE DIAPHRAGM (TEMPORARY)

Ta be ful ly installed in the ahop.
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3 3" 3
Stud Conn Spa _1 Spa at 1°-0" Max 1 P ot S 0 ] Spa at 1'-0" Max
(No Studs)

s v - -

Rl N PLY x 12x3-11"

; s PL Y x 12 PL Y x 12
) AUl | BediaY
' ' et SO i

~smree § 4
Hx 5 “ \— See Detail "c" ! ¥

2~PLY x12 x1'~

/—PL Y2 x 54

2~LB8x8x'Y% x3-0
(See Clip Angle Detail)

([Glrderﬂ

Q'/z x 54

/-—PLY, x 12

PL Y4 (See View B-8)

|
/;
2
|
|
|
|
|
1
|

Cilp 3 x1 ',
(Typ)

\
=7 Ay
Sa .
b = -3

HALF ELEVATION

END DIAPHRAGM DETAILS

(At Bent Nos 16Z & 18M/182)
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T . Clip cutstonding stem

£ wen ——o ~w of WI 7 x 21.5 —
.-i?"" i |
‘&‘—i'
1
ELEVATION OF END OF
" STRUCTURAL TEE COF
- 13 LATERAL BRACING TYPE "2"
o --:,L‘:" : AT 7 x 21.5 (Typl
o -
15 oe 1 </ o
Flate ——m o Ges %/ & niophrogm Type A" H
s av/ o Edge of Flange of i
W. P ! . End Diapherogm oF 1
# e Fler Diaphragm --j_ "
I
N ._]I_-,i
i
1
i
1
I
[ :" Ii
| : |
TR AN T 1 Vg ¥ Hole in i
TN Top Flange PL and 1
R in WT Shope for 178 N
i B 4325 Bolt with one "
! ak Hardened Washer each Ll

(Tyo!

TYPICAL PLAN VIEW OF
LATERAL BRACING TYPE "2"

Installed in shop except ot locotions sporning o
field splige, which shall be installed in the field.
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BRIDGE 6: 12-102-0271-07-575

o™
i t
T 2
& o
u' il
14 E : r -4
$pa.@ s, ggp- 14 £q, Spe.@ 9902 !
- 35, 000’ 35,000 & Bro-
5 € Fletd spitcenes Fleld Splice"E"
T
S R 73
§‘ i -
& 2 VAT
= [slelo
St 5.
ffﬂnertrm ) \ocess o

SPAN 7 SPAN 8

LATERAL BRACING INFORMATION

SPAN MEMBER SIZE |COMWNECTION DETAIL ®
5 WT 8 x 38.5 7,8, or 9 |
[ WT &8 x 38.5 7,8, or 9
7 WT 7 = 21.5 10,11, or 12
B WT 7 x 21.5 10, 11, ar 12
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Top Flange || 106, 273" — SEE|HEE|ES : 106. 273" ;i
|{—o0- 250° o 20, 440°] T 1| | L 20. 440 0. 250 —!
Bottem Flenge | 106. 273" . 3s.s08' | 3s.s08" 106, 273"
m 1 ! 1 0. 250‘-—'
0. 250° | |
Bottom Flange !
Tenslon Flg. Bottom Flange Top Flange |
. 000" 2. 000" 2. 000" 2.000° 3 )
1,375 CH |.3?s_||
Sheor Connector | 43 Eq. Spa. \ 28 Eq. Spa. 38 Eq.Spo. @ 1.75° (8 |@© 28 Eq.Spo. , 43 Eq. Spa. i
1 T ® 1,25 : : ® 1.25
(IS | =53. 750" T i =53 750" !
i 2~ PL | T x 22" ’ i
i 2~ PL I" x 22" 2~ PL I x 22" |
| 2~ PL 1" x IB" -\ i [ 2~ PL 1" % 18" i
1 1 o’r r — -\ !
f = i
i I
| i w
. g e Fleld Fleld | :
5 | spllee spl loe —= | 2
;9 ] |
| /—Pl. In % 85 Yyn PL I" x 85 ',»‘9"—\ /_
]
L —— # = -
]
19-4 Wyn kPL I Ta" x B85 Y 19-4 Wpn
J—% Beartng F111 Plates for Field Splices. le——— & Bear

¥ :
@: & Eq. Spo, @ 8"
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38’ -5"
177 -2 3 21" -2/
Bors D3] 6 9" spacing Mox. el 30
Spacing
Roll type SSTR(See stondord rali =% Roll .]
heet for additional reinf.) e 2
Ll .- -~ .
e d |l .
=
- ——— 7 Al MR, PP =3
X I s \-Drip Bead
8 s> ¥ Chamfer
=loc Cont Inuous
(Typ.)
Bors D 3" I} E.S. (Bott.) i1 _E.S. (Bott.) | 11 E.S. (Bott.) 4 Eq.Spo. - 1]
Spocing 2 LG 2 [2-- - 2'-J B 2" 2|-J P
J SECTION B-B
38 -5"
|7"2/z" s 2"-2'/2"
" " gn SDO;THQ Max. = 30
Spacing Additiongl Bors N between Bars D
l (Top only)
-—\ Rall ¢t SSTR(See standard rall
sheet for additional reinf.)
PGL >
|
Bors D 3" Il E.S. (Bott.) Il _E.S. (Bott.)
Spacing 2 I.zu zn.] LG
SECTION C-C
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10 =0

—& Girder
Sheor Stud SpocinglTyp) | 1°-a" . | "-a% 1 -an" 2% =1"
17-g"
| gn See Dilgphragm Type H
G Web Piote S8 € web Plate—=| for Soiice Barells
'
PL 1"x 16"=B* =1"for Type A
WrDio x B) BL I"x I&"x8’=5"for Type AZ
TS tud /.

PL | Yahx 8"
Bearing St1ffener

PL | Vot 89—
Jacking St+iffener

& -4

£ Access Hole—=i

§2e”¢1TE ang welg
DIAPHRAGM~TYPE Al & A2

e
Terminotion Detail
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] ?5" Dla Holes for 1"Dia
rectlion Bolt(A-325) =% Girder

L 5x 3 Yex Y

PL Ya'x 12"x
Yo
t 1
SFValaNes

4
Long leg Y
vertical /-

/

DIAPHRAGM~TYPE B

Cllpﬂ¥m
See Clip and Weld
Terminatfon Detall
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10" =0"

Sheor Stud Spacingilym) |

=B Girder .

1 -gn §r=ge 1= =5 ,

@ web Piate

T Dla

e-0n_ 9 ¥ | 9 Y

E"Stud

. € web Piote
PL 1 Ya"x1B"xT" -5"for Type C2
PL 1 e xi6 6 - 11 "for Type C3
PL | Y xI6"x8" -1 "for Type C4

See Dlaphra T, G
for Sp?':c:e Etum

Saa

B -4

Datal 1"

PL 1 Ya"X 8" —e
Jacklng Sti1ffener

BL | Yani g

3r=gn

ccess Hole

a0* (Typd

BearIng 5t1ffener

',—Dloﬂrou'n PL | ',(;'--/

3
H

ClipiTyp)
See Clip ond Weld
Terminotlon Detail

DIAPHRAGM~TYPE C2,C3 & C4
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=G Temporary Erecticn Dlophragm

| Y= " Dla Holes for I"Dla
rectlion BoltlA-325)

WT Tx21.5 A

Interior Dilaop

WT T%21.5

\S REQ’D.
DE OMLY E !

DIAPHRAGM~TYPE F (TEMPORARY)
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PL 1"xl6"xT7" -2"for Type G2
PL |"x16"x6" -8"for T*pe G3
PL I"xi&*xT" -10"far Type G4

L SxSx YW iTyp)

w85x Wz (Typ)

CUD I APHRAGH

;—urmnroqm FL 1" —‘;

E i4~1 Yg"Dlo Holes for E 14~] Ys"Dla Holes for
1"Dla Bolts(A3Z5) I*0Ta Bolts (A325)
w/Hex Hut/Waosher wHex Nut/Washer

b

i ‘ PL 1" Iﬁ“f
3 Spa it
AR (AR T . ELEVATION
'-—-4___________‘___ :1 En
I { =
Hr
N S o & DIAPHRAGM~TYPE G2, G3 & G4
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-

5 [PL 1Myl GHxTr - 10" Far Type HI
FL luk|5_|'|¥ﬂ-'-2”f'ﬂf' Type HZ

&
i

S Ve (Typ) L Sx5x Yo iTypl -

'h"DIAFHHAEMI

& 19~1 ¥e Do Holes for
1"Dia Boits(A325)

wiHex Nut/Wosher :
’,—E[uﬂ'lru-um PL 1 -“J

-

"E j4=| ¥g"Dla Holes for
I“Dlg Bolts(A325)
wiHex MutsWasher

/

PL I1vx 16"

ELEVATION

T, DIAPHRAGM~TYPE HI & H2
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Shear Stod

10’ -0"

SpocingiTypl

-1 | =an

=% Glrdar

1t -gn

5r_..5|l

A T, g
; ﬁ 3y

1° ="

-G Web Plate . L

(1]

%)

[

FL 1 Ya"% 8"

Bear lng St ffenar

PL 1 Vv BY ———e
Jacklng 5t1ffensr

I’r;—l:l-tr|:||:|l'|r'r;:||;:|--r| PL I“'-"‘f

—5

H

1r=n1g"

PL

]ll)( |ﬁ|lx Bl _5"

£ Web Plate—-|

Seea Dimhrugm
for Splice Ded

i

§ Access Hole-—w
80 (Typ)

DIAPHRAGM~TYPE MiI
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Ci IDITTpl
See Clip and Weld
Termination Detall



TOP PLAN

—L

5w Yz (Typd Pl. 131 6" xB* -2
L 5x5x Yo (Typ! L S5x5x Y (Tym)
T ™
.. DIMHA"{ QL 8~1 Ye"Dia Holes for v 8 1 Ye"Dia Holes for
19018 Bolts(A325) 018 BoltsA325)
w/HEY NUt/Washer w/Hex Mut/Nosner
Diophragm PL 1" J
Vs
¥e B
PL 1'x 15"-"
2 3 Spg | 5"
a3 "
[P
kil ’ =< ELEVATION
= &
E-H'""'n— f e iy
00 o e P
g g, e P

il in"afel T 1" =y _¥-

e 6l | = &

T T [

Ty R
=]
s}

_BOTTOM PLAN_

DIAPHRAGM~TYPE NI o
B }.Jfl
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% Dl aphragm A", "Cr oF thi-—

[

E|E

€ Girder Flange "
£ 5 Bol4 Brcup'_\ %

LATERAL BRACING CONNECTION DETAIL “12"
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BRIDGE 7: 12-102-0177-07-394

Agdial Giafroms @ 21 Equal Spoces=66, 723

Tronsverse Stiffener Spocing

- - - ) . i ~ N __. = m___ . _En— I
T N i B P \*/ﬂl\\‘f//‘
SPAN 13 1“‘;'[
el
= ]
E UNIT 6 N

.;'_

4
3,
T

—  _ Rodicl Diaframs @ 17 Ecugl Spoces=5T, 21 — —27

e Stiffener Sposing. 2 S

[

%
\

| 0,

|y P
g gottom
T hogess B9

onge
or

¥ WT FASWEE | mtnenl Brane wfB Bald Fannaskdaes SPAN 14 Al :I---m-:;c:-q._-ﬂ; _I_r;';:i,,,l\l"}:"”" i

220




l— o . . C - |

H 1] E F o] H ! J [ L o
_Ters lan rrqng_e| Bottom Top Battam |
I 1 I
Stud Conn. Spacing | GO0 mn Wox. Spocing | 00 mm Mox. Spacing | Stud Conn
20 2 300 mm=&, 000 lrrnJ | LIT @ 300 mr=3
f2PL7e 60 mm %500 mm 2-FL’ 30 mm %750 mm 5 | |
1 e \
T
| Lapls 28 mm =300 mm *—Eﬁ-PL's 60 mm x500 mm  Z-PL's 4% mm x500 rr|'\'|J Yoopi s 45 mm o«750 mn Z+PL"s 45 mm %750 mmd Z-PL'2 28 min x500 an |
# 2-PL'3 5 ~PL* | -pL* *® 2-PL 5 |
! 16 rmiEon /-* 2-PL*5 16 rrtanCJ\.ra-"f ’;-2 FL's I'Er!m-'d ’rKZ PL's 16 thCMI-/ I6'rrr|!
4 | /o :
| [~—Fiela Splice Type | [=-Field Spiice Type 2 | Pe=Fiaid Spllce Type & |
0 | PL 45 mm x1, 500 mmiFCMI | I :
| *—-’IL 25 mm x1, 500 mm IFCMp {r'l. 60 mm x1, 500 mmiFCM} 1 PL aorrmxl,soomn-.l PL 28 mm 1,500 m-rchw-lll PL 25 mm =1,500 rrrrurl:n.lh-i |
] L
| l Lo G0 mm x0, 500 mmiFCM) PL 45 mm =1, 500 - | Lo 45 mm %1, 500 Fm | |
128 . 325 9 325 2 125
L. . 12%
| t=—& Bearing ——& Bent 14 £ Bearing—— |
—~& Benr 13 E Bane 15 —=
* llu'en to IDD Elu"lc_é _!e!a . T 1
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200 SicbiMin}

U £QUOI SPAces = B, D1V MM LIOp Bur s ul

RAIL TYPE 7501

Laors K3

70

4 Equal Spa. =600,
{Bott~Bars K1)

& 20 mm Drip Beod—e

(Cont-Typ Both Sides)

1,000 Qverhong

~Bars U
_/
Bars K2 \\
| 8ars B 20U \
: “omeey \
s Bars J- A IO \
2 \ \
g \ \
75 70 \! i ‘\\ A1l Dimensions In MIIlimeters
4 Equal Spa.=600 | 255 255 & Foual Spoces = 1,690 mm | 2ss 255 8 Equal Spaces = 1,750 mm 255 W\ Unligges Gtheex] s :Hoted
18ottom~Bars K2) (Bottom-Bors K3) \\\ MS18 Loading
'\
SECTION E-E ?@ ©2002
e — T Texas Department of Transportatior
Houston District (Bridge)
€1 AD NCTANC

(Bott~Bars KI)

-t 2

20 mm Orip Bead
Cont-Typ Both Sioes)

«
1,000 Cverhang

5

2 Ed. Spoces

LK)

-

£ wen PL
| fz-22 mm § x178 mm

Studs Per Row

178
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4 Equal Spoces 750

, Sheor Stud
1522 mm § =!I TE mm STuds Spocing
330 100 100 o e e g e
T q"_ ) T | Boitia-325) (Tyol ciptidnall
cilaa —3ee Diofrom Type D2 o —& Girder
| for Solice Detalls Typ )
T ¥ \\\V\\\\\\\\\\\\\\\\\\\\\\\ - 7 - ".\‘
. | na— L 127x B9x 12.7
op/Bok+ 1 |
PL 20w x 300 mm—
==L 12 mm %350 mm
PL 40 mm x 125 mm —]
Jacking 5tiffener
o
o
=
-
re Bear D_ el
: ] 0* (Typl g L A
N Al N B D DTN
(I S0 B0 CTNDA NI DRONTITORIOMIRNNNN. o X N X N

“woo Clfp BO mm % 6O mmiTyp)

: IAFRAM ~ TYPE B
DIAFRAM ~ TYPE_A2_ DNumL-u ;II;&'!glecr::i_lé!]ccedEi n
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Vate 450 4 Equol Spaces = |, GO0 mm B & Diafrom Type EI . Sheor Stud
15-22 mm § =178 mm Studs 675 ® Diafram Type E2 Spocing

530 100 100

. [

LT ~See Diafrem Type EI or E2

for Spllce Detolis
I
T T
L
¥o + 450
opvBott PL 25 mm x 400 mm— z
PL 45 mm x 225 rm —=]
Jocking Stiffener
/— Digfrom PL 32 mm ”
o
"IPD_
- FL 40 mm xI75 mm
-
1o Bear /’.zB 30 1T yp)
If \

M ClIip GO mm x 60 amiTyp)
-

DIAFRAM ~ TYPE C

.
o D BOE
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750

5 Equal

WA

' Hole for T @ —
PwoHex, NutsWosh,

=]
0
(1
]
]

a0

(Typicall

12TRI12Tx1 2. T(Tyol
12T 12Tx12. TiTyp}

_TYPICAL ARRAWGEMENT

FL EZ0 mm 3500 mm

£ 10 -5 & Hole for %t d
Ba It [A=A490) w/Hex, Nut Nash,

/—}Faﬁ'(_-r FL 20 mm

f__BF

] B " b Hole for Tt b
BoltiA-490 wrHex, Hut/Wash,
ITypicald

Typ. Bottom Girder Flange

225

—————————
PL 20 mm =300 mm

—

—— G 24-722 om § x ITE Studs

~PL 20 mm =300 mm
w1, 324 mm

\3

S
\

=
\




= A TOP PLAN L — 1

v
aush._-\-“*r‘_“ 00 . 4 Equal Spoces 200
- |15~22 mm § =178 mm
| Studs

—_—
FL 25 mm xd400 mm

~& 10~ % " p Hele for " &
B |+ LA~ 490 w/Hex, Nut/ /Rosh.
iTyplagll

o

BL 25 mm x400 mm BL 25 mm x40
%1, 424 rr

Typa'C"Diafram Type"'CVDafram

L I2T=IZTH12. T ITyp)
L F2Tx|2Txi 2. Ti{Tyn}

’,/—[:-Iafrcrr PL 32 nTn'r{

b

!
!

| PL 25 mm =400 mm

T—E 16 ~ " - b Hole for Tav

75 m Balt (A-490}wsHes, Nut Wash.
(Typical)
2
) Typ. Bettom Girder Flange
I I- - S
= w] -
IS B
(=]
(=]
= DIAFRAM ~ TYPE EI

15 175
(e

200
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Tb =% Temo.Erect.Diafrom g ¢

e e e )
L

E C T b Erect Bolt (Typl-—
WT 1 30x3Z -

180x32 1 Typd
\  WT 1 A0x3P

s
e

GEMERAL HNOTES:
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WT 205x6G Typicol Detai

Typical Detall
wiNT 205xE6

w/NT 20550

FL 20 m
® 300 mm
= .
..-.1 a
l H
\'\I pJ.l . T ]'n
i 2 \
l\\ -1 I —
]
. 4 @75 ¢ 5
B- % " b Holes for Mo — Ll 2 @15 mm | G o5~ 8 v d Holes for W &
Bolts 4430w/ Hex., Nut Mash, I—Z & =g Bolts {44901 ws Hax, MUt/ Wash,
Y N
T— 75 mm E
Tyeleal Tap Flongae
PLAN
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BRIDGE 8: 12-102-0271-06-661

Bent 7
ctor ¢

265.000° at PCL Connector G i [
R=BEI. 47 Sdlat o mgr Conra,

26 Egual Spoces =

o pent oL cannector .

G pearind
et o s e e, Edge of Slab
_____ PGL_Cornector Go T N 1
T

LN AN A4

SPAN &

295.000° gt PGL Connector ©
R=B&1.47"

28 Equal Spoces =

T
e :T;T 570 Correntor
Ro

SPAN 7

UNIT 3
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1, 00°

z-PL s 2 45" <za
2-PL'S "’xam

z PL'E 2 v, '-xza 13
Varezen

RS R

|

1.20°)

D.25°

=& Bent & =& Bent 1 £ Benit av—l
A
B [

! o E r [ " ) i N L MM 0 ] ® s 1 u v "
i | H .
1 l EoTTom~X | I I fop~7v I N Bottom-Z | | o |
| Tension Flonge [ Tension Flange |~ Tenslion Flonge |
|| 10 ®_1 - 2.00" -Noximun Spacing__ ‘ 2, 00" ~Maximm Spasing 10 @ |-

I-lc_ Do’ itud Swocing | | Stud Spacirg =To. 0

P H
= & Beoring-see Hearing Detalls l—& Fiela spitce | 1—.-& Fleld Spllac 2 % Flela spiice 3 L OFreld Spllve -:——-1 % mearing~S=e Beoring Detal la

F2-PL" s | Yarx2aT

T | =

Wf%ﬂ
\.PL [ '/4 3 By \_H 1 YaexS3 e
=

]
Lt 2uns3 Voo
[{a="})

T T —

\

\,
L ) Ypruss Ve \

PL 2"x53 V"
PL 2 YareS3 '/,"-\

230

\rL 2 Y2 =53 Y
PL 2 Ve"xS3 Va"¥

\_’L | ,-'z-'usm PL 2"x535 Yar \— FL 2 Yemess Yan
(Feuy FCMy IFCu

ALL Web Plotes are 95"
Deed (Vertioal 1y
Unless Moled Jtherwliae

L.

1 Yaux Yaries
L pL 3nuE3 Yan [L1=TH]
EFCMY

a8

i Z~PL
Z=PL's | YavaEae FEePLT e 1 igteaa 2-PL & 1 Y4 xaan 7 /r 2~P|_'e b Sy M2 ',-2-PL’s 1 Ygrrrar =2-PLT5 2'x29" }j 2-PL's | Yyru2ar [ H
1/ / VAR * AN
1 1 i r
! T Ll T
LH-_ D1 aotrogm 5 taphragm _J_:: -IE
|—5+ifianar St iTerner ] i
Lo P
I I Z-Wer PLTS ¥ (Twp) - H g
I I See Detall | for Japped [ndl ]
I i : [
[ II1 i 1
[ |
| Il ] |z
a a2 Al
T !




28° -5*

Top 572 %o 2y -2 %"
Bors T 3" | 6° 9° Spacing Max. o B 1
Spocing _ Addlitionol Bars N between Bors T
(Top enliy)
Rall Type .“)‘a‘!l!——w-1 .
See ral| stondard Teo/Siod
sheet for Anchoroge

detolls. Top/Web

.

A A A A

U \8 '
t 10 E.S. (Bott.)

Bott.
Bars T 3" A
i 2* 2* 2 2* 2*
3 Eq. Spo.
SECTION C-C
I—-i Web PL
3 2 Eq S|>Doces 3

3-%" Ofa x 7 '2" Al08

' H ‘ /—n—<swuy°)

v

SHEAR CONNECTOR DETAIL

MATE .
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8" -g"
& wWeb Fiote = @ Girder € wWeb Plaote
Shear Stud SpacingiTyp! 1t -3n 1 -3n I -
' 1
L “ogn
|
IR S LITT —
PL I"x23 x5 -1 1"
o' Dia x
Tfé‘;’;-' Stud [ /_-_\\ |
T 1T
= ;
% §
L1 WX B ] bt Access Holely
Jacking Stiffener
4
PL 1 "% B
Beoring S+1ffener 1
s Dfaphrogm PL 1" /S ]
i %E
z Iz Clip(Typ)

LSee Welded Steel

See Clip ond Weld
Termination Detail

Mesh Cover

DIAPHRAGM~TYPE Al

E

Glrder | Shown, Girder 2 Simllor w/Opposite Haond Access Hole

8 -0

I—J. web Plate "f? I"q‘ Girder € web Plote
Shear Stud Spocing(Typ) 14=3n {RSER L PR - L)
-
]
f
-2 aelan
PL 1"xI16"X5% -11"
Dio x:
stud
AT B“L 3 =& access Hole
Jacking Stiffener| [ ~ R=g"
3 {Typ)
o Dlaphragm PL 1" s N
3|
PL I Y5 X B" 5
Bearing St1ffener

232

tSee Welded Stee
Mesh Cover

Clip(Typ)
See Clip and weid
Termination Detall

DIAPHRAGM~TYPE A2

Girder | Shown, Girder 2 Similar w/Opposite Hond Access Hole



a'-gn

§ web Plate @ Girder

€ web Piate
Shear Stud SpaclngtTyp) 14 34 12 -3n

peo3e

j
'r /—-PL 1% 16 X" <1 1"

le\_ 1 2=2% A
€ | Ye" Dig Holes for 1"Dla
Erection Bolt(A325) (Typ) CliptTyp}
& Girder See Clip ar ;-
PL Ya"x 14%x 2°-0" I— S Termination t
2 1 /% : i %
- _l»- PL 1 Y3"X 8" PL 1 Yux 8"
4% L osx 3 Vax Y, ! ' S g Jacking Stiffener Beoring Stiffener
i LoSx 2x /2 '
(Typ) = l
% e =
PL ¥ "xa" I PL ¥a''x8"
-
Gyt '
(Typ) I
% % :
o
s
A &
x o
~ *
= v
) <
& %
A2 - =
e
+*
2 (Typ)
> e =
CliptTyp)
See Clip ong Weld
¢ ] Termination Detall

DIAPHRAGM~TYPE B DIAPHRAGM~TYPE C
Note: All Angles Ploced with Long Leg Vertical

Girder | Shown,

Girder 2 Simllor w/Opposite Hond Access Hole
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Blede FIongs

O lrcher © lomges
P B £ b =0 P | Ly
=1 g
TR TP .
TOF FLAM
IR L - (.
ﬁ % aomeon d LS
Fule T ﬁ
= f Y. b
bt PL w23l 4 T

L il - | |

12=1 ¥

f_ Dl sabwreaem PL 1 —"'J

Mo kFales for

B Dl Bl o A3ATET
woEeE Motsowosher

=¥

a- a_ e .

[ - wts e
——@rind F lat_aA"ftar
N Wo ldingtTyal

£ S50=0 Ve
[EERN SN ]

nic

HI | g5 'T':ir

RN R
wHeEw Mt sWasher

ELEVATION

L pose 23t

m

1 |'_'?..I

L

B

Flate =r

R FL AR

DIAPHRACGM--TYFE DI
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| | | =1 Ikl | |

-

£ Access Hole £ Access Hole

Glrder Web

& cirder web

#.T | | | E 1z~ " pla

= = =
i
L E3d
PL 1Mx16"56" -4"

x Y (Typ)

{Typl

< Y3 iTypt
B
- f -
SM=-TYPE .ﬁ.}_‘l L i '|I]r.ﬂ.PHRﬂ|GM-'F
16" Ola Holes for L 18" Do Holes for
1" Dl BoltsiA3Z5) I"™ Dilg Bolt+s (ASZS)
wiHex Nut/Wosher woHeR NutrsWasher

fF-Jlnphragm PL 1™ ~;

b

PL 1%x |5"—f

ELEVATION

DIAPHRAGM~TYPE D2

= Mater lnfter lar Dlngwrcgms Shall e Plumb
After &1l Deaod Load eflactions haove Odoccured

O U
B
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Lbdet 4 1 A

] %

L 11646 -4"

/2 (Typ) L SxSx Y (Typ)

Diapnragm FL 1™ —f
f_ o

T—& 16" Dig Holes for T 18" Ola Holes for —
1" Dio BoltsIAIZS) I™ Dl Balts{A3ZS)
w/Hex Mut/Wosher wiHex NUt/Washer

/ig_
I 7
K e PL I"x 16"
4l| 3 5 "
e e T % ELEVATION
ho 7o e i
Far o -
e | ‘ o
o - )
= .oy Ipp— " i i K DL
= b =T |
888 14 = DIAPHRAGM~TYPE E -/
f—. = Hate: Interior Diophragms Shall be Plumb
/</"_l|__ o i After All Dead Lood Deflectlons hove Occured
1 4" Plate T vlam
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r-*i Temporary Erectlan Diapheragm

= & Gi

a
Erectlomn BoltiA3Z2E)

E
I‘: WT Tx21.5 f?-.

mterlor

Interlar
l apthirogm

DI aphragm

WT Tx21.5

CEI AN DIAPHRAGM~TYPE F (TEMPORARY)

Mote: All Aangles Placed with Long Leg Yerticol
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LATERAL BRACING DETAIL "3"

({FOR X-BRACING}
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BRIDGE 9: 12-102-0177-07-394

o |
zi g5
£l =gt
525
128 ’-'5“" @| §E
o

Rodlal Dlofroms @ 12 Eguol Spoces C—

. Trans 3 1 .
m CONSVEC S 5 Ffaner Spacing Tronsverse 511ffenar Spacin

l f\:l/%\,/’

5, 300 5}

£ Bo 1
acoacn Eog‘?se-+| SPAN 15
PARTIAL UNIT 7 |85
— — QE
s
w12
&3z
\2a

S— S Fadiall Dlafroms ® 12 Equal Spoces

ransvarse Stiffener Spacing

A

All glmanslons |
others

w8
SPAN 16 ST T [ n
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2 ;Illll al|...
e 1] al=
—'ar EX E\lll oll:
L|FE ole
cf-2 Bl =

of glse o % sl

% El X |=

- £ |:>

| -

(rod!

|
|
|
|
|
|
1\
g

Rodigl Digfroms @ 10 Egual Spoces

| = —'-I.-_£3I3U- Transverse S%1ffener Spacing Tronsverse 5tiffener Spocin

=\ N —
_\IL//'}\#/ |

G Bottom F Longe

hooass Door

SPAN 17

240

e



Tenalon Fluge

Stud Comn. Specing | I_

16 @ 100 wned, 000

il

i N r o 3l |
1 L E 2 ’u—l H | ! | " I L " HHIF
T
Battam il 1as _Battom Too i Dot tom_ |
i | SO0 mm Mos, Spas g 1S S Suec g
| |—|a @ 300 mne3, SO0 TN
| | il I
T f [Eesememss=s I T T T I
Lz-pL 3 "m 7R mm ¥ [ P : ZepLt ¥ | LIPS E e
Lg-PL 5 25 mm xa0u mm 4=HIR FH MM ¥RN0 2-PL7 3 28 mm w500 mm I~PL'c 28 om x600 mm “E-FL's 2B mm AS0O mn 2-PLC5 28 mm x50C
' 2~PLT& aU M x3ll mm 2-PLra 28 mm x500 mn ~PL & 10 rm %600 mm i
# | |
| K2 FL's 1T mmeFouE— ~1PL's 168 nr—/ ® 2 FLTE IR mnu—:m—’ — 2 PL's 1€ p— # 2 PLo 16 mimiCCHY ]
! ; ’ | i ’ 4 _
| [=—————— Field spiices f—————————— Fisla Splicee e I
H i - - Sme '
I Sallca Type 5 —- | = Sgllee Type 5 = . [=— 5ol ce Tyre & T
| i
E FL 4D mm w1, 560 m aL 3z gm i, 200 mm FIoan mmowl, 530 mm PL 32 rm 1,50 mr | |
| FFL TS mm el 500 mmiFCu) PL 32 oo, 500 g | -l l— PL 25 mn xl,500 .-...-<r¢;\¢,.i rL 32 mm Kur,sou iy | 1 j— | FLzsmm XVar IR TN, |
: T ' T I T I B T t T |
! | L el HEL
s | P =% Buil 18 T wenr T 328 L 132
! 1
R ELEVATION gl :
-— T * Tg Tor Flange meld ——
e Te"RE TR SRS LS, i
A& 1 Vet Floles
arE 1 RO mm Desp
(Ugr-?-'c,clll-f}
GIFDER L) B c ] E I G H I . K L M
1 124, 752 41,833 LENETLY IS 9,819 [N 4,047 4. %0k B S1E B 728 4,37¢ EREET] 24,251
2 127,955 42,848 4%, 434 36,616 3w, 4k T a. 1kd &, aR9 LT3 200170 A,452 B. 628 25,536
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200 SiobMin

“ 30 Eguol Spaces = 8,510 mm {Top Bors-Db

[y |

~
o

1

RAIL TYPE TEOI

/ Top Web

/| 320 meunit s
390 mm @ Uit &

500 mm @ Unit 7

Laers 3

4 Equol Spoces = 1, 750 mm
1Bottom~Bars K31

8 Equal Spoces

255

BARS 1 -

T 15

4 Equal Spa. =600 |
(Bot+~Bars KIb

€ 20 mm Orlp Bead—el
(Cont~Typ Both Sides)
1,000 Gverhang —

ALl Dimensions In M Imeters
Unless Otherwige Noted

M518 Looding

[[4 Equar spa.=evo_|
3ott-Bars K1)

(Bottom-Bars K21

R e s e SECTION E-E

1,000 Overhang

L) £ Eq. Spoces .75

3-22 mm § «1T8 mm
Studs Per Row
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l Texas Department of Transportation
Houston Distrlct (Briage!

SLAB DETAILS

1AITE R-7




~ing

o

ve

4 Equal Spaces

700

Sheor Stud

15~22 mm § x

178 mm Studs

Spacing

See Digfram Type DI
for Spllice Detalls

FL 25 mm x |50
Jacking Stiffener

PL 25 mm x

{1p 60 mm x 60 mm
Typl

250 100 100
=& Girger I
\—{> PL 20 ranJ
8 *x 350 mm

150 mm —=1

=l
|

il

90" {TYP)

R B B

DIAFRAM ~ TYPE Al

450

800 @ Digfram Type EI _ Shear Stud

4 Equal Spaces = 1,000 mm

tlate

A

4

¥p
op/Bott

PL
Jac|

to Bear

243

PL 25 mm x 400 mm

5 mm x 225 mm——i
9 5t1ffener

a
ki

15~22 mm ¢ x178 mm Studs 875 @ Digfrom Type E2 Spocing

330 100 100

& Cirder =

N

See Dlafram Type £l or E2
Splice Detalls

for
A

=& sccess Hole

90* (Typ)

d
T T ey
__Clip BO mm x 60 mm(Typ)

DIAFRAM ~ TYPE C



325 4 Equal Spoces 750 _ Shear Stucl_
1522 mm § %178 mm Studs Spocing

330 100 100
I

% Giroer —See Diafram Type D2
for Splice Detgils
RN
sBott
PL 20 mm x 300 mm
PL 40 mm x |25 mm =i
Jacking Stiffener
o
=
|
Bear

A
e e ]
Clip 60 mm x &0 mmiTyp)

_DIAFRAM ~ TYPE A2
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750 5 Equal Spoces 150

20 ~ % " @ Hole for Ta" @ —
Boit {A-490) wsHe X, NUT/NOsh.
(Typical) =

+ § 24-22 mm @ x 178 Stuas

PL 20 mm =300 mm
®l, 324 mm
o = = ——

=== E e 5y
PL 20 mm =300 mm \\\\\\\\\\\\9\\\\“\\\\\‘\\

10 ~ % ~ o Hole for T @
Bolt (A-4301 w/Hex. Nut/Wash,
(Typicall

Type''AZ"Diafrom

12Tx127x12. T(TyD)
L 127x127x12. 7T (Typ)

,rD‘-cPrcun PL 20 mm

/—&

PL 20 mm =300 mm
50 300 100 =
e ¢ % @ % b
= £ 10 ~ S " D Hole for J4"
LrE) Gl Bol + (A~ 490} wetiex, Nut/Wash.
(Typicall
ol
Ty Typ. Bottom Girder Flange
= H |
n| =
GT"— 8 2]
2 M= B
B . DIAFRAM ~ TYPE D2
o PL 20 mm
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==& 5 v P Hole for " @ Erectlon
e Bolt (A-325) (Typ) (Optional)

127Tx B9x

S S,
i

PL 16 mm %200 mm

% o ¥
DD OO DADBDDDTDDIVIDANT

DIAFRAM ~ TYPE B

Note: A1l Angles Placed with
Long Leg Vertical (Typ!)
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675

R e

4 Equal Spoces

i Z20 ~ 8% " O Hole for T
Bo it [A-490) w/Hex. Nut/Wash.
(Typlcal) o

PL 25 mm x400 mmo
®#l, |74 mm 1

15«22 mm § %178 mm

Stuas

(Typicall

127x127x12, T(Typ}

TYPICAL ARRANGEMENT

/—ch‘rcm PL 32 mm

/ﬁ&

~FL 25 mm %400 mme
I'e

"€ 10~ "% " D Hole for %t §
Boit (A-490) w/Hex. Nut/Wosn,

S

PL 25 mm x400 mm
xl, mm

Type"C"Diafram

L
225 loc-L_

R =
50 |
3 Spa. = ™ o o
16 ~ 1 Hole for 15" ¢
&75 & (3
mm Bolf (A-4901 w/Hex. Nut /Wash,
(Typlocal)
A
Typ.Bottom Girder Flange
I Py H
| = ]
= e
o B
S )
e
-
o PL 25 mm
u

PL 25 mm x400 mm
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— - B0, 20 @ Bent (8
g o2z - "’Fg “ @ Holes for 700 4 Equal Spaces 700 tBent |1 Shown)
Ta" ¢ Bolts(A430) wiHex, I
Nut/Wash., (Typ)
T

te—% 21 ~ 22 mm § x 178 Studs

X 1,220 mm

l—PL 20 mm x 350 mm

PL 20 mm %350 mm

€ 41~ "% " ¢ Holes for
W' @ Bolts (A4B0) wsHex. Nut/Wash,

TYPE"AI"DIAFRAM
\Diafrun PL 20 rrn\\

P12T=x127%12. TiTYP) L 1271271 2. T(TYP)

ﬁ.b.

50 | | 3 Spa. 100 FL 20 mm x350 mm

16 ~ B " O Holes for
%" © Bolts(A490) w/Hex Mut/Wash

[=1]

ELEVATION
r - e

PL 20 mm

50

DIAFRAM ~ TYPE DI
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T 20 - ™

{Typlould

e ———————————————, TOP PLAN 1 1 -

$ Hole for WH* & —
Holt LA-490) w/Hex. Nut/Wash,

4 bqucl Spoces 300
T5~22 mm @ x| 78 mm
Studs

BL

4
R | -7 S A S A

£ 10 ~ % " & Hole for %" @
Bo it (A-490) wiHex. SutAash,
{1y2ical)

SO ia e

12Ix120x12, £ {1yp)

1275 2712, T{Typ}

/—Ci-:ufrcrr PL 32 mm

/ﬁ&

FL Z5 mm xa0d mm

Zpa. -
S ] T 16 ~ % " B H for T
ETS gy N Ly
(Typical)
=]
b Typ. Bottom Gircer Flange
=1 u
R
SR DIAFRAM ~ TYPE EI
S
o
R
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WT Z05x6& Typicol Detaif Typlcal Detall
wANT 205xEE w/NT 205x50

FL 20 mm
x 300 mm

Faiiis

- \ .
BB~ § roles for %o — LIl § 5~ % v b Holes far % &
Bolts 14490 woHex, Nut/Nash, L2 & =0 Birl 8444900 ws Has, MUt/ Wash.
e (g — L

Typleal Tap Flonge
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BRIDGE 10: 14-227-0-0015-13-450

S
Y

S, A

by 1
NNy S Vel

1._%1, / % =% L

I i =) Mt

‘.‘_ ;‘I ® -

c o
S, (©)]
o @®
L.

~/Ca
of%a
#5 %
wlon
“x
Type *ge
Externe
T oirae- o Invarmay)

o
% adiate
D aonrogn(Typd

T~ L

€ Girder oz

Spg=

1€ Spaves of 17-0° mox

251

® 06060 o

ot o0
‘,’,‘,_ ~{Typ!

Ii Girger .H 124,030
* wosured at top
of wab

~
4.:.; s,
'r..:.s %
32 %
%
5
o o' ¥
ST % ™
A Zh L
W i 2 S
4 5 S 2 v o
A A o
R = ® @) w‘\m‘v“
L @ @ ¥
@ e od W.O‘ s
1



595. 990"

L 146, 331 ° 262.102° 187.507° |
Fieia Spiice s 73,1317 73. 000" G B 57.000" 131.102° 74.000" i il 59.000° 128,257 1
Tansion Flg Bottom | Ton | Botton Yo Too~52" 5 o Too-72" Bottom
Stud Soa ~ 2/-0°] | JOES = 10°-07, S B 1 i3 Spa Ot 2°-C° Max (L L T ] T _jroes - wotony ] 2tomt
Top Plaws | 106131t [ =00 o DOl DS AR | 1R0. 102" 1 17’ 20° _ 10 Io'i 20 1 1 140. 257
3.
L > l | 2-eue 3- ~mis3x28 |
& s i ks 2~Pl's2 I 2-~PL's3
~PL'a ~PL'a 2
2~P’'s '—‘ | i | /—7-1‘!'-'/' | I / | : | 1....2-»'.1
R Field Splioe
~2 ~ PL's % Web (O e "““,”"“——k)-] 2~PLs Y Weh <
tnd of Girder - i 5 —2-FLel Wb | f" =@ 2~r- e =
2-FPL's Vs Web |z~n~.%-m~’\ Z il 3 o %

z2~PL s ¥ weorT—
1
T
i

T T T T
oo 1
[ Nn "’1/ | é_ o td \ | \ . N | \\ I )
*% 1 [ —PL1 LA L. M2 re LYY
R a2 | PL Vi PL 2
Sut tum F | ange 'l_ 56.131* 20, 600" 40. 000" 35. 000" 33.000° | 285.000 26. 000" 59. 000" 200 | 107 | 100 | 20 40. 000" 108. 257
web Plote | 1031317 75.000" : - an._ 000’ 45.000" 35.000° | 107.257* |
k. )
i Ty T-1F3 = B ) ‘
€ dont ho. 1 }\_ § 1By R SR - R 5% — A,
Gory GIRDER #1 € Bunil Nu. 16M
Ty T-EE" € Jaint:
ROQ. 1647
L 149.€19° 261, 838" E 191.647° l
fiela spt |ﬂ'7 74,369 T15. 000" l G0, 000" 132.898" 75. 000" l 6¢. 000 131,307
Tenzion F g Bottom =L Ton L 1° Botton i )5 Top~83' ¥ A Too~74" b 8 Bottom |
oo ~ 2/ -0" » 10°-07 k3 f T ot 2°-0" Mox T [ 10 ES = 10°-0"
Shid § 270" | 10 ES » 10" -07, | Spo -
T1op #iange | T 109. 369" @07 _, 20° - 30'_ 16" | 185. 808" 100 20’ 17 1 YT T
) . 1 i1 S
L L3 | 2~ w.-—srs’ x 28

| —2-PL'a2
{ H 4 ——
¢ ”.’ld Splice ‘(I) /—2 - PL's ¥ Wb

S
o S v S" () s A
z~rs Ve PO 2~ vls %" weo —7 x O o “z‘!m% Wob ] T EeN W /=

zZ-P's2
z2-Pl'e 1-1 l‘l

C:«P!.'a% Web

/ 2-mrer %

@ Field Splice

£na of viroer —

iy
3
4 T ———y T A
R~ d d e
sl L e | C LY Y ;‘Y‘—‘J, Y | \\ I P e
L LY T MR LY i et \ L2 L2 P Ve enrean| M
T PL e P2 PL 1 Ve PL 2 l | T
1 H
Bottom Filugs 'L 59. 365" 50, 000" 40, 000" 35. 000" 386. 000 26. 000 67.008° 26.000" €0, 000 20 _1_ ‘ot 10° 20 49, 000" 112, 397" 1
Wob Plote | " 10R. 369" L1.25.000° B R. 000! 75. 000" RS Q7. RAR’ : a5, 001* 45.00° | 35,000° 111, 397" 1
" ]
1

12
S Arg Ty T-IF3 ¢ Bro _) i
€ Cont No, 13M d |\— E‘ Ry e s’ *:ﬂg‘:"a{ L I Ty T-EE1 Vs
sro

< GIRDER #2 @ Bent No. 16M A
1y T-€EI ¥ T Joint
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BARS 1

1 %" End C

(Typ)

(Typ)

30° -0" Overall
15’ -0" == 15 -0"
1/ -0" g 28’ -0" Roodway = 1°-0"
Girder Spa @ T 7.167" 7.833 R 7.833 7.167° |
'/""“" it + fI cross S! Foce of Rall
_See Loyout for Cross SIS 3l >
2 = sl 8§ |8
§ 2 %"|  Bars T ot 9° Max "‘L“\i - A
y B £ ot AV R e SIEEE
A e 14 L 8 - I /_
» '":"""I'._'Z'.".'T:'."."."""."."._".'Z'.".".'Z'""'.".".' ] PRl i e
Oy —= ! K \LD: e.kw Mu
(Typ) 1'30' o @ 8 ot 9" Max @
- 8 Spa at 9* Mox

Tight Fi+ —

Bors D (Typ)
I

2 ES

e T

2-

Bars D

3~%"Dio x 7"
Studs with heods

(Typ)

.
o~
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— L 4 x4 x; Tap Flange PL—H.\.
|

F

o>

Bottom Flonge PL

TYPICAL SECTION AT TYPE "A"
= INTERNAL INTERMEDIATE DIAPHRAGM

Ta ba fully installed in +he ahop.
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Tap FI
Il'_,-'-_.-._.- LEHE!_."':I

lll'ﬁ.‘\

VA

%
l. ".'r"

1% "8 Hole
Tor 1@ AZFE
Ereation

Bolt (Typ)

NT B = 35.5
w 10" (Typd

\I e er‘l '.r" Min
L5 xsxty — 1" Max ilpmx
t=—% DOlopnragm

TYPICAL SECTION AT TYPE "B" EXTERNAL
INTERMEDIATE DIAPHRAGM (TEMPORARY)
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Stud Conn Spa l

Spo ot 1°-0" Mox Al, 3 -3"

.l, Spa at 1’-0" M:

Y2* (Typ}

+ Detail "B"—\

‘..
(Typ)

((:llp 3%x 1% )

Typ)

Eala

{No Studs)

I
Ik

PL x 16 x 1/-2 Vo
% Ve 4 x

PL %x 78

8 x Yax 5°-10 Vs
le Detall)

i
% i
% i
]

/—PL %.X 16

See Detoil "A®

- & -9

HALF ELEVATION

PL Y4

x 16 x 2°-0 Y4~

PRNPRSEpSNN—

END DIAPHRAGM DETAILS

(At Bent No. 13M)
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t? _....\_._._.

Y D D
Yo
i Top Fill PL !
(Typ) op PL 1 Vax 24 :
| PL 1 Vax 24“ Sen.Tople 7 PL 1 Vax 24— |
‘ lg g g x . i
= 2R
45 e
> PL Yax 78 &
(Typ}
— Access Hole ’ 5 )
gons o 00 2~L8x8x x
Ll R e ,L" See Clip Anole/zoefoil
5 -
!y
. L
® -/-crm"gnm =Y
rl'f' /—PL Yex 18
B | id
4 1
” = Ly
e 4]
h . %
"; H ' PL 1 !/‘x 24-1
» .
. ‘\
Clip 3% x 1 Y2tTyp) N PL T Y 2 2.”15.',21 =
. € Girder ,,—’\_
% I ! O E T UUSERy See Detail *C*
F
% d-
E E

PL 1 Vix 12
(NS & FS)
Brg Stiffeners

HALF ELEVATION

PIER DIAPHRAGM DETAILS

(At Bent Nos. 14M & 15M)
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Clip outstonding stam

af WT & KI33.'5—--‘.\I: !
N

ELEVATION OF END OF
4 STRUCTURAL TEE OF
- LATERAL BRACING TYPE “"1"

WT B = 33.5 dTypd

& Diophrogm Type "4°
ar Ed’?& ef r1ﬂ|'lﬂe af
Erd OV aphrogm or

Fier Diaphragm —1

o

1\ p\-lx‘ — } Ve ;1! H-::Iap‘un
i) op Flonge FL ard
Y ',"" in WT Snope for 1@
Y 1':,‘ A3ZS Bolt with one
Hordened Wosher eoch
L RN L (Typ il

TYPICAL PLAN VIEW OF
LATERAL BRACING TYFPE "1"

Installed in shop except at locotions sponning a
fleld splice, which shall be Installed 1In the field.
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BRIDGE 11: 12-102-0271-07-593

NOTE: GIRDER RADIUS |
AT TOP OF BOX

F8

11.00

\
_ 8= g
) = ©,les
S2ein ig\i? <
8E 32 2235
g §§ b TYPE (R8) CROSS FRAME EQUAL Tve QS i
LI Slaz
a8ubh=z (TYP. “ONO) TOP LATERAL  INTERMEDIATE Sule= &
€ GIRDER 1
v n BRACING (TYP R = 802.011° STIFFENER (TYP)- 2
N ~ r L_ " 3 E
@ % ' -
1 o o N - ® » .
NG - & o ® /al o N/ = ® G 8
J_ ; 7] * i = 5 @
’ = o o 442400 o o _L o 443400 - 2 @
[ - / @ @ e n = - e o i 3 -
o B s T N S e s §
2 EQUAL SPA, o . 667" ! NB8°19738" e { 1 \ i
2,083 = 4,157 " gJ ; o
. 21.500° l‘ \
o & \ € GIRDER 2 la
¢ access woe 3 ¥ coeaeron o : R = 817.011° 3
€ BEARING / g : | .i
i FIELD SPLICE "D2"
| —€ FIELD SPLICE *D1" £ “-t D " F1ELD SPLICE :f;
29. 795 ! , A EIE g CONNECT
"\’LM'L— — 127. 692" 63.046° __—— TALONG
— i SR
| 127. 69 O [
- T

26 EQUAL SPACES ® 8.513' « 221,333
(ALONG B CONNECTOR D)

S

SPAN 1
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INTERMEDIATE
STIFFENER (TYP)

e Q:oss FRAME
(1vp, “Uno)

Y CTOR O
R 81880

PARTIAL SPAN 2

1. THE CONTRACTOR SHALL LOCATE PICK-UP POINTS SO ERECTION

STRESSES DO NOT EXCEED ALLOWABLE STRESSES.

€ GIRDERS AT TOP OF WEB UNLESS NOTED OTHERWISE,
SMALL MAKE ADJUSTMENTS FOR GRADE AND CAMBER.

ABBREVIATIONS
() « TYPE AW CROSS FRAME

= TYPE D2 DIAPHRAGM
« TOP LATERAL BRACING (WTOxT1.5)

o .L 58,227 e

I

2. GIRDER DIMENSIONS SHOWN ARE MEASURED HORIZONTALLY ALONG
THE CONTRACTOR

NG
(]
M B« TOP STRUT ONLY (LEx6x4)
Pl €1 = TYPE C1 TEMPORARY EXTERNAL CROSS FRAME

L7
L
. ~ EQUAL (TYP)
5 > f ; Z TOP LATERAL
e BRACING (TYP € GIRDER 1
R - \ a / R = 802,011
3 o Y = B
g' = Z N> o : I 3 o o o 1
’7 ;ﬂm‘g") L‘.“L‘ ~ ~ »T il © / » \ o o F @ N\ o L
8o — /L‘ F10L0 sLICE *0e° . K! CONNECTOR O \( GIRDER 2 ‘
) . 3ug o= 818.511° R« 817,011
:i /\\_\\ \"“—»x,f. L € FIELD SPLICE *D3* € FIELD SPLICE “D3* .\
5 e Co——Semr ,1;
9 D TYT TR s
s 4"
2\8% PARTIAL SPAN 2
€ GIRDER 1 € GIRDER 1
R = 802,011 — 3
NOTES

m‘gu '.l-l‘"l oo

LER TN
KATY FREEWAY

RECONSTRUCTION PROG

DIRECT CMDC‘TOR '

FRAMING PLAN
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NO. p2

o ——
. 00

‘ST w

s\ﬁ-? g
g 'm =
= $(% )
§8 %
g - 2 LA i
F TYPE @ggnoss FRAME is
g < w
walhy (TYP. "ONO) TOP LATERAL € GIRDER 1 s ve o'z
BRACING (TYP R = 1170, 400 A9 Z
/ i * ey F
o -, - | o
L] - - - o -
@ = 5 - N Ak N N ® 11.661"
- o o o o) @ = ] %
S = 4
o H S o A 2
_ = A ™ - J_ & 00 | — - N =
- = ° = > = - = - LA " - = -
— - (i - - - — > — - -

L = - ~ - '\ T 1,.628° &
! | \ \ | T
F [ B CONNECTOR D € GIRDER 2 | A.161
= ! R = 1186.900° R = 1185.400°
3, __l € ACCESS HOLE € BEARING

€ FIELD SPLICE *D2* £ FIELD SPLICE °01° | g SPACING

L s FIELD SPLL CTOR D

T 82500 |  45.833 ALONG © COHNE
T — b
— 125. 000"
T
— _— o 28 FQUAL SPACES ® B,333° - 233,333
(ALONG € CONNECTOR D)

SPAN 3
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r

€ BENT NO D2

€ BENT NO D1
B (SPAN 1) AND € BEARING C (SPAN 2) AND € BEARING D (SPAN 3)
',_E (BOTTOM) F_(TRANSITION) & [ToP) H_UTRANS) I (BOTTOM) +(TRAN?1 k| tToe) L (TRANSITION) M_(BOTTOM) | TENSION FLANGE
N KK P ! R Ts T s u v W x Y TOP FLANGE
‘ 59 [SPACES ® 2'-0"(#i=Z 87 |SPACES @ 27-0" (21 AA 105 SPACES @ 2'-07 (%) =BB la8 sPaces @ 2'-0"[e)-dc 65 _SPACES ® 2'-01 (=00 | STUD SPACING
[ I
¢ senr ! 6 SPACES ® 8"=4'-0" Ln SPACES ® 8"-4'-0" 6 SPACES s--qf-ou ‘ © SPACES ® B"=4"-0" -3
' i
NO FB |o—E€ BEARING 2-R3x 28218 2-83x30 € BEARING —_ © BENT NO D3
!_ 2-Bix18 j_z_rux‘! 2-R1¥,x30 i-t|¥4xso—\ ’/—z—i'. Yix18 f * z-l|9’.x|a~\ rz—r.l .lan,_' 2-R1¥x30 /—z-hx]a g.|'_|,m;w
= : 1 . )
] z
= = el ‘ o
| wpy " =pa" = “pa= wppi gz =
= lui L~—€Fs "o |.-—% Fs "p2 I —€ Fs 03 ,— & Fs "Dz — € Fs "p2 | fé
/ [i— o s 1 -
Eﬂ.ﬂ ‘Q_Fs D2" —. g € Fs "03" —. ! € Fs “D1* =|E
1) ‘ LTYP)
i / M-B {
| T — T
7
- R1xes l1xﬁs—’r Rilzxe6 h’EIYgXﬁG il B3x6: \ R1lp %66 \ Bil/zx66 tw.)(ss—f ?.1'/;:(56—" E|VngsJ R3XEE Tew;xes "' \—I’.lv,xss EHEBJ
EE LR P LL l. R s T A1 S u v W | R FF ¥ | BOTTOM FLANGE
KK el L HH s T s g | J4d x Y OPTIONAL FIELD
"SPLICE LOCATIONS
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B CONNECTOR D

'
FACE OF RAIL —vl

OF RAIL
2" 29-T BARS @ 12" (TOP) 2"
- el 2B-E BARS @ 12" (TOP) BETWEEN BARS T | =
OVER INTERIOR BENTS (SEE PLAN FOR PLACEMENT) |
_ cross-SLOPE — | B .
VARLES = ; E A BARS (TOP)
— - wy
|E 2 % C B BARS (BOT) —
= = [
i e e o - -—o e - o e o wlo e o w o w ol w o e o e o w o e o e oW o e T w o
1 - e[ & & "= o 2l e ate ~ e | a ¥ . e = el e - -
[ T E 1 | = T 1 1
7 T 58 - X
(BOT) o= M BA
e ]
==
&
arare 2 ! e A
24" 4-D1 1°-11" 10-D2 BARS| e B" (BOT) 1°-10" 9-D3 BARS e 8" (BOT) 17 -10" 10-D4 BARS e B" (BOT) 1°-11" 4-ps5 _| | 2%
BARS | BARS
(BOT? (BOT)
'
I
6. TO8* 15. 000" | 6. 708" GIRDER
}
I
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3 EQ. SPA. |

j W \—4 - T 8 x B
STUDS WITH HEADS
ITa'll:Pl.l L TOP FLAMNGE

SHEAR CONNECTOR STUD DETATIL

’.&1

—_——
STUDS SHALL BE ELECTRIC ARC END WELDED
TO THE FLANGES WITH COMPLETE FUSION.
(SEE GIRDER ELEVATIONS FOR SPACING ALONG GIRDER)
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\,\/’ TERMINATIBN D

~—% GLROER . /-
= AN

i

CROSS FRAME - TYPE AB
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€ GIRDER

| cizo
i

——R Yax20x2’ -0*

8 -6"

w (va—/

CROSS FRAME - TYPE A9
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nnnnnnnnn

TEMPORARY ERECTION CROSS FRAME TYPE Ci
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17 -3 23 SPACES @ 1°-0" 1°-3" 8§

T "#xs" STUD € BOX GIRDER ’/‘- DIAPHRAGM

€ BOX GIRDER
(A10B) (TYP) Bixia

Bixie E ﬂ
\
P | | | |

I
T | Bixi s—/ ~ Rix1e

Ve

Bixie- ————

BEARING
STIFFEMER
(VERTICAL)

. R S

F{{—El nuFl—cmm—?‘ C

B1lax14
BEARING
STIFFENER
(VERTICAL)

ZEI Ve nupumwz ‘ { | Zt\ﬁ DILPHH‘GH'Z

1% " DIAMETER HOLE -
FOR 1" DIAMETER BOLT
(A325) WITH HEX NUT

| AMD WASHER

(TYPICAL AT WEB)

R1lxaxs’ -0 | 2-L5X5K/z

JACKING (TYP) |

STIFFENER !

[VERTICAL) B1LAXOX4" -0"
17-9" . !

(VERTICAL})

2'-0"

JACKING T

STIFFENER u
2801
HOUST

Vi1 . T i 14 - L
T2 7 7 R
s€e DETAIL "a*— " -=—= T T T, R A ne. - / | i EAREA N

J . Bixie Bixia Rixie —=

oM

SEE TYPE 1 BOTT
SPLICE DETAIL

DIAPHRAGM - TYPE D2
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L

22 SPACES @ 1°-0"

4%

STUD SPACING

Te"@x6" STUD
(A108) (TYP)

© BOX GIRDER
’/ L4F3T]

€ DIAPHRAGM

SEE DETAIL *C*
' ‘ [ T
N5 N R R N O A T A A T O PO ‘
I
[ BENT BifpX4 (TYP) | Rix1 !—/ %l J ‘ \-WB
A | | 2
Zg-, gupHRwMFé J [4] DIAPHHAEH—Z
B1 DIA nnnnnJ L ——Rixa
Rix9 _{ i BEARING
BEARING STIFFENER
STIFFEMER I=Eh (VERTICAL)
(VERTICAL)—] \l: ] T .
' 2-L5¥S: I
= %B - ‘? L (il i
- 4 w - ~
X 14" DIAMETER HOLE ! _Zr
} FOR 1" DIAMETER BOLT
[A325) WITH HEX NUT 7
R1lgxaxa’ -0 AND WASHER f
JACKING (TYPICAL AT WEB) Toan remee
STIFFENER I ! . I B
(VERTICAL) m 5 m Rilfxaxa’ -0 ——
{ , N JACKING m
" - STIFFENER
9801 WES'
. ! ! (VERTICAL} b
| | | /= Va3
—r REC
T - | T
SEE DETAIL "A™—""- /| poopr | geise ETTe [1,13_/ Rixie suse|  1eer BI
SEE TYPE 2 BOTTOM
SPLICE DETAIL
DIAPHRAGM - TYPE D3
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& 80X GIRDER

I

Eixie

R1l/xax4’ -0

I EIX18—/

P
|

JACKING
STIFFENER
(VERTICAL) »
0
| 17-1" [s% 87

|.—R1x9 8RG
STIFFENER

(VERTICAL)

Ta"9x6" STUD
A108) (TYP)

g

23 SPACES ® 1°-0"

€ o1
Rixie n

P
g 4v

1

[&] DIAF'HR.IGMZ 2

'/4" DIAMETER HWOLE
FOR 1"
(A325) WITH HEX NUT

/[ ]
| I'_nns—/

, STUD SPACING

PHRAGM

¥e

2-L5X5M/E
(TYP)

DIAMETER BOLT

AND WASHER
(TYPICAL AT WEB)

.
€ BOX GIRDER -
Rix1a SEE [DETAIL "B
” “ ” B
Rixie— N\ % b
17 -gn
-
R=6" ?——
B owumwﬂ{
B =
N : ¥y
o 2,
1, P H
R1X9 BEARING ‘ EA?:I?; o i bl
e a1 STIFFENER (7
o | / v (VERTICAL) "l,.
| h
e e ,ﬁgw-,
z/6/0 4

SEE TYPE 3 BOTTOM
SPLICE DETAIL

DIAPHRAGM

TYPE D5
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*» OPTIONAL ONE SIDE
IN LIEU OF BOLTING

TOP LATERAL BRACING CONNECTION

DETAIL - UNIT D1

(18" TOP FLAMGE)
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BRIDGE 12: 12-102-0271-07-639
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§ BENT 8RE
STA 1B-50.00

g NT SRE

STA |9=80, 00
& FIELD SPLICE
STA 19+42, 00

§ FIELD SPLICE
STA 20+41.00

§ FIELD SPLICE
5Th 21+19.00

§ BENT | ORE
5TA 21+70,00

g FIELD SPLICE

@ BENT IIR
5Ta 23+15.00

| | i
! =—§ BEARING i ! ! i | BTA 22:23.00 § BEARING—= R
__Li_?‘_-i' | | | | | . I
T | I -
B 6 ——y 12 5PA B 6" | 12 SPA O 6" ! 6" 6 —, 12 SPAB 6" | 12 SPA @ 6" 6 L/ S
| 12 Max ;& / 247 WA _\ ), .-_" 127 Mk ; k / 24 MAx i /'; 120 wax | SHEAR STUD SPA
I | 22.00 | 22.00° | 7 22,000 _|_22.00° . EN
i i LI i i CII T i |
| 1 [ : 11 [ —— 11, i
I Mg ix20 N N2 w20 Mg ixz0 \_ LS —— _/ L i
! 2 Wxzo | 2R 1Faxzo 2t ozo |2 o i!
I
| e 2-WEB VoxB4 (FEMI & bl 2-WEB Vou54 o Z-WEB Ypx54 (FOM) = Y s 2-WER Ypx54 r— Z-WEB YauSd (FCMI i |
I | | |
| W1 Gxis— | W s WT 615 | W 615 1
! B TexT2 (FOM) Lg 1¥ixT2 B Wx?? (FoM Lp ¥tz R ThxT2 tFOMY I
| I Fan T T ya 1|
| T | T i
I | I | | I | I
I 12| 1.5 | I D PR | -1 -0 |
! 83, 96° | 48.00° | 51,007 8. 00 51.00° | 53. 00 89, 96° A) |l
i BOTTOM FLANGE TENSION TOF FLANGE TEWS 1N |~ TOP FLANGE TENS IO BOTTOM FLANGE TENSI0M TOP FLANGE TENSION | TOP FLANGE TEWSION BOTTOM FLANGE TENSION '?\
i 137, 96 189, 00" . 142, 96° ) oiwaonsg
| 140. 00" [ 180, 00 ! 145, o \/
SPAN BRE SPAMN 9RE SPAN 10RE
% WEB T0 TOP FLANGE WELD

IS WOT FRACTURE CRITICAL
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28" -5°

39 BARS T @ 9" MAX SPA

3.

S5TR RAIL

8" SLAB
2" CLR

J.-—BAHS A

1"-p°

COMTROL

5 -2

55TR RAIL

BaRS D—

1IQ' H

7 -m"

i

B BARS D EQ SPa 1
TYF

T'-8°

g6 e

IYPICA 11
SCALEs Y4 = 17
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o -g*
T |
5-%' Dih. BOLTS © 3° SPA, . .. I
4 PER nclm TYe. ) I
: AT : T . T T
|
] N
#Fa |
" | n i -I kB
M =
& | Pg= '
: ‘ sl = |
- | ﬂ Eg N
' glo= |
g . a0*
[ FipE | “\w.
1 Ll
| Vi '
C: R |
| | ' ' ‘e BOX BEAM |
| o goxsem—c || ! < e | FT % %m0 |
1 [ J5-%- DiA. BOLTS & 3° SPa. ' PR [
" iy 4 PER ROW (TTP. 1 | — l
! ! . ! [ 5 -5¥" |
| . |
| o ,. a2 NIS (EXCEPT BENT S8Rk ono,
SCALEs %= = 1" A e, EATT
A T Rt ey



1 -8
I l
. 3°-i0° 3 -10" ]
T0P OF SLAB I | [
3 r——t WEB '[-—t BOX T WEB——w|
9 L SxSwh
- .2
C m Z -Jg

4

TYPE B

INTERMED |ATE D1 APHRAGM

e owo10-0

b WT Bxdd, 5

LNG

|* =

ATERA

SCALEs [

LEVAT | ON

TOP OF SLAB

!
r=+—@ BOX BEaM

INTERIOR D1APHRAGM

e

WT_ T=21.5

% TEWMP ERECTION
APHRAGM il

..!f?'ﬁ ,
E

ﬁ_ ,Qz DA ERECIIDM BoLT
A325 TYPE 1)

WT Tx21.5

BENT OR
r._& DIAFRAM

COPE_AS REO'D

OMNE SIDE DMLY ;

E
ALL ANGLES PLACEQ WITH LONG LEG WERTICAL, TYP
TEMPORARY ALL BE_IN PLICE
OUR NG PLACEMENT AND CURING OF DECK, AFTER

276

LATERAL BRA

N. 7.5 IH[SE IJIIPHﬁ-lGIIS SHALL BE REMOYED WITH THE EHEEPTI(
THE D14 HS "HEX HEAD TYPE® T
THE WEB. FW I.OCIIIDM OF TEMPORARY DIAPHRAGMS, SEE
FRAMING PL
=
(=]

SCALEs



BRIDGE 13: 14-227-0-0015-13-452

o g““g“" L
)

10 spaces at 19'-6" mox

® @

€ Br
(t Girder a1  © & Pier Dicohrgom,

@@

A\

< \ R
= - /
e f % W ol F R g 7 B T B e 4
- 7~ el Jr~
5 P ol 2 7 2 4
yoe ( 6 Bl
wa\? EXTEOl e € Girder »2 ~ oL
- inte > ~Nj© e &
o % 01opn Ty 0w P d 5/7’;7 0y,
aglt T s S
Tils e Wl
wels Type "A" &~
Al Intermediate o2
Diaph(Typ) oS

FRAMING PLAN
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301, 333"

L 153 635" 1ha. 70"
tiaia wniica 103. 885" 3. 300" i 45.500° 43.500" 164, 5¢0°
Tension Fig Boteom 1 15 Too 1 54 4 [ norrom
St Spo - 2701 |10 ES - 10707 L) 1 ! B o}10 ES = 10 s o
Top Flonge BAEECE TS LN 131, oo
t t H
Z-risz ¥ =
roz-PLB Y =
Z~vite 1 Ve 2 ~PL" Y Y z-Platia ! S
A4, j i z
+ —
H W Fleld Splice
i .
2 - FL's B oW -~ 2~ PLT2 Y Web i —f J
-~ 2~ PLay; W 4 7 ﬂﬁ_"mﬂ;* e 2 -PL'a Ve web /"‘".‘ ""j i
T T =
C I [0l Tt ™™ "t~ UL ] Bl omrilass <%0 Ll ke
L ) —PL 2 —Pr Y % 5. Leoz —PL V%M —PL Y Y .y 7 =
"o —n Y PLL Ve = “ov, I Sra———
ottom Fiange | 103. |_L 26.830° -o--l_ -:'_I_ 13 | 10 26.300" | | 84. 448" ! | 265000 | tor | 3| 3| 10 104. 500"
Web Plote | 2u.wu| LALLM oo 1 A soe” e 2 L T4, aan” 1 59, e AQ_%00" 59. 500" oo 23.000°
_i Brg Ty T-181 - 4
tiameoecd ke FERR R, — . OB ¥l foevesi A4
g Ero - SIRDER =1 € Dent Mo 1GZ >
Ty T-E61
= o ana weu
i 1495, 368" 18¢. 552" 140,751 |
Field Sotise TS o T ErRTTy . a7 an o == an oo Voo 591 N
Tension f 19 Dottem 1 Top A B Dottom 1 Top xf Bottom i)
Bve See - 2°-0% ] 1s0ge - 10t oy L ] il Spo ot 2'-0" Mac il B ] B 10 €5 = 10733y (zt o
Tow * 1 TTaze. 116’ 107 13 137 10’ 140.552° 1003, 13 10 .5017 " ]
PRENRT T o L T B i el = AR — — 4 §
ERCTORE A T ttezh ey —z~ ez W | 2
i | |/ 2z-rPesr % Esi ot B l TS rUE LR ot
2 ~PL 1 Y i 2P | /—z-n*--'/. ' v
j T P ! B
QU riviv 3t tue T FiedSplioe ——— | i i
=] o —2-Pl'ch Wb - ' J
Erd of Glrder 2-PLo% M_/I z2 =P8 Ya ..,./ I’
R ) R | ,,_y.,J __L 4
| ol
i
20. 352" 100,501 °
70.552" 90_%01-
Ty T o101
SR L] e, ] A
SIRDER w2 S0l hex 10E
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BARS 1 1-4] BAK> U 2-26
30’ -0" Overall
15 -0" G 15’ -0"
1°-0" e 28’ -0 Roadway , 1/-0"
Girder Spo & i~ 6’ -10" 8’ -2" i 8’ -2" | 6‘-10" i
|
Face of Rail 2
Seevc:.,ea Face of Rail 1 Y»* End Cover
e ol 3 3 (Typ)
g 2", Bars T ot 9" Max Holeks 28— sl 5| |a
c !
b4 E® PGL | T 2| = = Ta
T ! /f§ : A o
) //f— 1 ; \ i =3 = ~ ;n
" L -~ Q A Y
3 B B e e e e e ......1
© Py a2 y — P S— —" . Y A a y— B e a A - - a - 1 A4
oL T S, AT s
" H D 26— =)
(Typ) ¢ ‘,_oﬂ 3% I 6 Spa at 9" Mox || 3- Ls ! 5 nx i
Bors D (Typ) 3 10 Spa ot 9" Max 3" B

3~%B"ox T
Studs with Heads

<
LI

2 Eq.Spa. :
U

VA4

L Top

Ve
Z

on
Typ

F longe

SHEAR CONNECTOR STUD DETAIL

Studs shall

the flanges with complete fusion.
Span details for spacing along Qirder.)

be Electric arc end-welded to

(See
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¢ Girder =2—!
I

Top of slab
to Top of web |



“?'?—LE!E!KF:
I'r-"'

. | W

1 @ Hole
1"u?£‘1"|l A32S
Erect on

Bolt (Typ)

WT B x 33.5
# 10" (Typl

Bottom Flomge PL

l,l' 1% Max | 1% Max
=& Digpnragm

e INTERE AL S O e T R AGM TYPICAL SECTION AT TYPE "B" EXTERNAL

INTERMEDIATE DIAPHRAGM (TEMPORARY)

Ta be ful ly inetalled in the shop.
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See

2+
(Typ)

3. 3"
svmc«wsocq_ Spo at 17-0" Max 7

3"
3°-10" 1 Spa at 1'-0" Max

Detail *8*

€ Girder—

Q Vax 54

»,

Clip3 x 1Y
(Typ)

5] 8°

See Detoil 'A'—]

(No Studs) l

PL 7. x 18

2~PLY x10% x1'-6

/—PL Ya x 54

2~LB8x8x'Y x3-0
(See Clip Angle Detail

e

%e /—PL?. x 18 |
|
i

PL Y4(See View B-B)
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T . Clip cutstonding stem

£ wen ——o ~w of WI 7 x 21.5 —
.-i?"" i |
‘&‘—i'
1
ELEVATION OF END OF
" STRUCTURAL TEE COF
- 13 LATERAL BRACING TYPE "2"
o --:,L‘:" : AT 7 x 21.5 (Typl
o -
15 oe 1 </ o
Flate ——m o Ges %/ & niophrogm Type A" H
s av/ o Edge of Flange of i
W. P ! . End Diapherogm oF 1
# e Fler Diaphragm --j_ "
I
N ._]I_-,i
i
1
i
1
I
[ :" Ii
| : |
TR AN T 1 Vg ¥ Hole in i
TN Top Flange PL and 1
R in WT Shope for 178 N
i B 4325 Bolt with one "
! ak Hardened Washer each Ll

(Tyo!

TYPICAL PLAN VIEW OF
LATERAL BRACING TYPE "2"

Installed in shop except ot locotions sporning o
field splige, which shall be installed in the field.
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BRIDGE 14: 18-057-0-0009-11-460

2 Largy,
“Paging .@‘ =
In e —
Er'a—\-"‘gi _\-—_hl‘s-—gEEF_ﬁu ar g 4 3 -!__Eg'_!ﬂ“—‘-""”_ .:"
T S TS g g, 16 spoeed 8= o jl
— T—— —_— _
— s S _— e v ot
Lep [y . =000 gy | - — 20 Spoces gt 0T Mok, W_._uk_EfL-— e ==
4 Do e TR, = b, [ _ W at e -
I i —_— L %08 \
& . I g Monge —— . ar 19c-0t Maw I fio - ol
ilal — 7T Girg, o ' I8 o gy . | | © g B IS et 01 = e
A . LTy gAY ooy - r—t Bra 3 & Interior fians Dlaphrogn . - Il'-_ , ~ -~ :'fol,o
Y it K Ir“ﬁ BPolaggy | Interlor Bent B ) | —orle T (T -
il = | | — Brin Tob (Tye l,_ Internal Indermediate Digsnragn {Tyat | Ar . |
" = - - VN
'/'( | | d S = s ah LY
i AN = TSNS N £ ; ° @ o\
o~ = NEA s ©® @b
= i ‘l JEJ

1= @ { £ -
ol o o g, @ o) ] % 3 = e =] : ] | &5 eral  an
Log [ & @II 8 I\—'n.;'llmw‘(ﬂﬁwm P bele I
i

ey, ~ 4
o /; ST |'|® ® i @|I ol ® © @ ||@ ﬁ @ I'. =t = i\
T 55:.‘185-_______1 @ o I|I f | “—External Internedlate qu:r'im Typt l' _.II!l ) o .:'.S:J
ff"* H_-%-"—'—_&*—__‘____.j_‘_ _B'_'o_'——hl'j-——_“r-_a-__l @r_méaieﬂ___tut——-;-——'iif " st EEET ill:és‘;{
:ﬁg I ng.__———__ 5 Spoces of 380-0° WAk __————:j'é:_______ J:‘;:-
h i

4 %
e FRAMING PLAN o
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484,057
148.1B1' ~ Span Mo. 1 187.695' ~ Span No. 2 148.181° ~ Span No. 3
t t
Tension Flange Bottom ~ 90. 897 2T.290" Top ~ 61.520° 22, 885" Bottom ~ 78, 206" 22.885" Top ~ 61,520° 27.290" Bottem ~ 30,897
Top & Bott ‘Topleoﬂ‘| roptaoﬂ|' ‘ |'r=pa.soﬂl
Field splices 106, 358" 41, 430" L 42,478° 102,739 42. 478" 41. 430" 106. 358"
Stud Spacing 2°-Q"14 Spa at 1°-0"% Space at 1'-6" Max 2 -0" Space at 1'-4" Max ‘ 2°-0"2'-0" Space at 1°-6" Max 2'-0“2'-D'| Space at 1°-4" Mox 2°-092" 0" | Space at 1°=6" Max_14 Spa at 1°-0%2°-0"
= 14"-0" “ 0 ] | =147-0"
Top Flange Plates 106. 358° 25.490° . 16.000" . 26.478" 102. 739 26. 478" 16.000'| 16. 000" 25.490" 106. 358"
I Il | |
" @ z -t | 2~ |
§§E i — 2~PL1 F"HPL\Z 2-PL 2~PL1 “ | 2=PLIY z-PLI 2~PL1
= » ~
R | il s | ol C
. , -—End of Girder '\ Field Splice No. 1—f |-—— Fieid splice No. 2
LA e — L% — Fleld Splice No. 3 —=] o PL % —= LR —
| | —BL Y —— I l-— Fieid spiice Ne. 4
T l
€ pent! || | T
No. 1o—m | , [ L | L | | |
& || F—Eero (Type TS;EEI) PL % m.uv, PL\'/. PL Y PL 1 Y PL 1 Ya PL ¥
- PL 1 /. PL1Y I I € Bro. (Type TG-EE4)
” @ gent Mo, 28 Bro, (Type TG-IF1) |=— & gent Mo, 3 &€ Brg. (Type TG-1ED
Bottom Flange Plates l #100. 358" 21,990 19. 500" : 18. 000 24, 478" 1 102, 739" 24.478° 18. 000° : 19.500° 1 21,990 100. 358°
- T
SO T ' |
6.000 GIRDER NO. 1 6.000"
491.092"
[ 150,334' ~ Span No. 1 : 190,424' ~ Span No. 2 150,334’ ~ Span No. 3
f
Tension Flange | Bottom ~ 90. 807" 28. 140" Top ~ 62.080° 24.890" Bottom ~ 77.171* Top ~ 62,090 29.140" 8ottom ~ 90.807"
Tupllﬂu’trl |rwlam+”' roelneﬁ|
Field Splices 107, 907" 42,094 ‘ 43,096’ 104, 232' 43,096 ‘ 42,094’ 107, 907"
stud Spacing 2°-0*14 Spe at 1°-Q%_ Space at 1°-6" Max | 2'-0"2'-0" Space at 1°-4" Max | 2'-0Y2'-g" | Space at 1°-6" Max | 2'-072’'-0" Space at 1'-4" Max 20042 -0 | Space at 1'-6* Max_14 Spa of 1’
e « : 1 I : | T
Top Flange Plates 107. 907" 26, 094" . J6.000’ | 16.000" 27.096" 104, 232° 27.096" 16,000’ | 16.000° 26.094° 107.907°
I ! | 0
0] 2~PL1 | ~ P I
§§ ..-—-L 2~PBL1 2~PL1 Y 2 ~PL 1 2Pt [ 2~PLi ¥ 2~-PL1 z-.P‘_|
Salll) S N I T C R T
. A [F——End of Girder "\ Fie|q Splice Mo, 5—= |~— Field Splice No. &
g — PL Y e PL % —= Flald Splice No. T —=f _—PL % —t Pk~
i | — PL %o —= | [— Field Spiice No. 8
T 1
€pont! || 4 -
o Tt | 4 Lol | I Lo L I L ]
& || F—Eera (Type TB;EEII LK P Ve BL 1y PL ¥ LI Ve PL 1Y PL %
= PL 1 Y | PL I Y | | € Brg. (Type TG-EE4)
@ 196" ,’ I-—-t Bent No. 2 & € Brg. (Type TG=IF1) |lo— & Bent No. 3 &€ Brg. (Type TG-IEN)
Bottom Flonge Plates | 7101, 801° 22,504’ | 19.500° ) 18.000° | 25.096' | 104. 232" 25.096' _| 18.000', 19.500" |  zz.504 | | 101, 907"
~ - T
Teee=T . v HS20 LOADING
- CIRDER No: 2 now 20 Lon
(8) Measured horizontally ot bottom of web along center|ine of girdar. AT T e i W
(7) See TRAPEZOIDAL STEEL BOX GIRDER DETAILS, Sheet 3 of 4 ng“L qr‘ 'I;'Tq “"&E‘E‘z’“‘ﬁ!%"’ To flames. HDR Engineering, Inc.
00 g L -
o Dapped Girder End detal o GIRDER ELEVATION ron Flonoa b latas ara 10 Wiae ecent IR o o
Dollas, Texas 75248-1229
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8" -D" Owerall

1°=p®

| * =" e 26" -0" Roodway
| 19 -g®
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1 Ys* Dia Hole in Top Flange PL and in WT Shape at spacing
for 1" Dio A325 Type 3 Bolt with one Hardened Washer each (+yp.)



LOCATION DIAGONAL BRACE | HORIZONTAL STRUT
DCOZ - 326.00° UNIT | WT 7 X 30.5 WT 5 X 16.5
DCO3 - 490.00° UNIT | WT 7 X 21.5 WT 5 X 16.5
DCO3 - 360.00° UNIT | WT 7 X 34 WT 5 X 16.5
DCO3 - 310.00° UNIT | WT 7 X 24 WT 5 X 16.5
DCO3 - 340.00° UNIT | WT 7 X 34 WT 5 X 16.5
DCO4 - 345.00° UNIT | WT 7 X 21.5 WT 5 X 16.5
DCO4 - 330.00° UNIT | WT 7 X 21.5 WT 5 X 16.5
DCO4 - 663.00° UNIT | WT 7 X 30.5 WT 5 X 16.5

LATERAL BRACING MEMBER SIZES
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Bridge 1: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M C M C M C M C
Positive SF 325620 | 5.8E-05 | 301909 | 0.00019 | 409992 | 6E-05 | 382836 | 0.0002
Negative SF | 198418 | 5.8E-05 | 203118 | 6.4E-05 | 267269 | 6E-05 | 272043 | 6.7E-05
-1.36 -35 -1.38 -35 -1.36 -35 -1.38 -35
-1.36 -23 -1.38 -23 -1.36 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.75 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 5 gp 0.56 0.87 0.19 095 | 056 | 091 | 025
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Frac. Ext. 1.1 Frac. Int. 1.1 Trans. Trans.End
M C M C M C M C

Positive SF 12736 | 1.14E-04 | 1730 | 2.42E-03 1910 | 0.00187 371 0.00187

Negative SF 1915 | 5.15E-04 | 2066 | 5.37E-04 | 1640 | 0.00187 | 316 | 0.00187

1 35 1 -20 1 -30 1 -30
1 23 1 10 1 22 1 22
1 1 1 5 1 1 1 1
Normalized | -091 | -0.22 1 1 076 | -022 | 076 | -0.22
Moment 0 0 0 0 0 0 0
Curvature 1 1 0.88 0.22 076 | 022 | 077 | 014
1 3 1 1 1 1 1 1
1 5 1 5 1 3 1 3
1 15 1 15 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 47
2.1 47 166
1.1 166 220
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Bridge 2: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Frac. Ext. 1.1 Frac. Int. 1.1
M C M C M C M C
Positive SF 250798 | 5.96E-05 | 221238 | 0.000154 | 13209 | 1.05E-04 | 1130 | 2.45E-3
Negative SF 144085 | 5.96E-05 | 142720 | 6.91E-05 | 1844 | 7.36E-04 | 1611 | 5.44E-4
-1.35 -35 -1.38 -35 -1 -35 -1 -20
-1.35 -25 -1.38 -25 -1 -22 -1 -10
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.72 -0.56 -0.8 -0.56 -0.76 -0.36 -1 -1
Moment 0 0 0 0 0 0
Curvature [ 591 | o056 | 0955 | 045 1 1 098 | 056
1 1 1 1 1 3 1 1
1 3 1 3 1 5 1 5
1 13 1 13 1 15 1 15
Trans. Trans.End
M C M C
Positive SF 1970 0.00168 1367 0.00168
Negative SF 1598 | 0.00168 1104 | 0.00168
-1.1 -25 -1.1 -25
-1.1 -15 -1.1 -15
-1 -1 -1 -1
Normalized | -0.76 -0.22 -0.76 -0.22
Moment 0 0 0 0
Curvature | 576 | o022 | 076 | o0.22
1 1 1 1
1 3 1 3
1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)

. End
Section Start (ft
1.1 0 115
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Bridge 3: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M C M C M C M C
Positive SF 469639 | 7.72E-05 | 454024 | 0.000203 | 556185 | 7.86E-05 | 539178 | 0.00016
Negative SF 303757 | 4.96E-05 | 314564 | 5.22E-05 | 407572 | 5.05E-05 | 417493 | 5.3E-05
-1.36 -35 -1.37 -35 -1.37 -35 -1.38 -35
-1.36 -23 -1.37 -23 -1.37 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.75 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature [ 4 gg 0.36 0.85 0.14 0.91 0.36 096 | 0.33
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.1 Long. Int. 3.1 Frac. Ext. 3.1 Frac. Int. 3.1
M C M C M C M C

Positive SF 720943 | 5.36E-05 | 707906 | 0.000125 | 13389 | 1.30E-4 2978 | 1.99E-3

Negative SF 528265 | 5.36E-05 | 540368 | 5.62E-05 | 2402 5.84E-4 2835 | 4.43E-4

-1.37 35 -1.38 -35 1 35 1 -20
-1.37 23 -1.38 23 1 23 1 -10

1 1 1 1 1 1 1 3

Normalized | 0.7 -0.56 0.8 -0.56 0.9 0.22 1 1

Moment 0 0 0 0 0 0

Curvature | 9 0.36 0.91 0.25 1 1 086 | 0.22

1 1 1 1 1 3 1

1 3 1 3 1 5 5

1 13 1 13 1 15 1 15

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans Trans End
M C M C
Positive SF 2325 | 0.002166 | 2166 | 0.002166
Negative SF 1937 | 0.002166 | 1814 | 0.002166
-1.12 -30 -1.15 -30
-1.12 -13 -1.15 -20
-1 -1 -1 -1
Normalized | -0.76 | -022 | -0.76 | -0.22
Moment 0 0 0 0
Curvature | 677 | 014 | 077 | 0.4
1 1 1 1
1 3 1 3
1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 17
2.1 17 38
3.1 38 185
2.1 185 206
1.1 206 230
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Bridge 4: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.2 Long. Int. 2.2
M C M C M C M C
Positive SF 190121 | 8.16E-05 | 163477 | 0.000285 | 265333 | 4.94E-05 | 242505 | 0.00016
Negative SF 97566 | 8.16E-05 | 102225 | 9.49E-05 | 143129 | 8.89E-05 | 147628 | 0.0001
-1.35 -35 -1.35 -35 -14 -30 -14 -30
-1.35 -25 -1.35 -25 -1.4 -20 -1.4 -20
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.7 -0.56 -0.8 -0.56 -0.86 -0.56 -0.92 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.89 0.19 0.54 0.4 094 | 036
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Frac. Ext. 1.1 Frac. Int. 1.1
M C M C M C M C

Positive SF 269552 | 8.63E-05 | 248898 | 0.00022 | 11005 | 1.04E-4 1361 | 2.26E-3

Negative SF | 199102 | 8.63E-05 | 201214 | 9.89E-05 | 1607 4.66E-4 1740 | 5.03E-4

-1.35 -35 -1.35 35 1 -35 1 -20
-1.35 -25 -1.35 25 1 -25 1 110
1 1 1 1 1 1 1 -3
Normalized | 0.7 056 | -080 | -056 | -092 | -0.22 1 1
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.93 0.25 1 1 1
1 1 1 1 1 3 1 3
1 3 1 3 1 5 1
1 13 1 13 1 15 1 15

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans Trans End 1 Trans End 2 Trans Pier
M c M C M c M c
Positive SF | 2107 | 0.00152 | 1971 | 0.00152 | 1325 | 0.00152 | 3400 | 0.00152
Negative SE | 1745 | 0.00152 | 1633 | 0.00152 | 1094 | 0.00152 | 2822 | 0.00152
1.2 -25 1.2 -25 1.2 -25 1.2 -25
1.2 -15 1.2 -15 1.2 -15 1.2 -15
-1 -1 -1 -1 -1 -1 1 1
Normalized | 0.76 | -022 | -0.76 | 022 | -0.76 | -0.22 | -0.76 | -0.22
Moment 0 0 0 0 0 0 0
Curvature | 576 | 020 | 076 | 022 | 076 | 022 | 076 | 022
1 1 1 1 1 1 1
1 3 1 3 1 3 3
1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 80
2.2 80 108
3.2 108 154
2.2 154 182
1.1 182 260
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Bridge 5: Hinge and Section Data

311

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.2 Long. Int. 2.2
M C M C M C M C
Positive SF 130422 | 0.000132 | 126415 | 0.000343 | 177826 | 0.000141 | 175804 | 0.000284
Negative SF 80979 | 8.46E-05 | 84913 | 8.83E-05 | 115300 | 9.08E-05 | 120784 | 9.48E-05
-1.35 -35 -1.35 -35 -1.35 -35 -1.35 -35
-1.35 -25 -1.35 -25 -1.35 -25 -1.35 -25
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g7 0.64 0.85 014 | 0936 | 0.36 0.85 0.14
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Long. Ext. 4.2 Long. Int. 4.2
M C M C M C M C
Positive SF 180799 | 0.000138 | 178975 | 0.00027 | 204632 | 0.000139 | 203853 | 0.000278
Negative SF | 136766 | 8.88E-05 | 139570 | 9.23E-05 | 161921 | 8.93E-05 | 164301 | 9.26E-05
-1.35 -35 -1.38 -35 -1.4 -35 -1.42 -35
-1.35 -25 -1.38 -25 -1.4 -25 -1.42 -25
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g936 | 0.36 0.85 014 | 0936 | 0.36 0.85 0.14
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Note: M=Moment (Kip-in.) and C=Curvature (1/in.)



Trans/Trans Trans End
Frac. Ext. 1.1 Frac. Int. 1.1 Pier 1&2
M C M C M C M C
Positive SF 5557 | 2.32E-4 | 1612 | 2.61E-3 | 1876 | 0.00168 | 890 | 0.00168
Negative SF 1615 | 5.81E-4 | 1868 | 5.80E-4 | 1513 | 0.00168 | 714 | 0.00168
-1 -35 -1 -20 -1.1 -25 -1.1 -25
-1 -20 -1 -10 -1.1 -15 -1.1 -15
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.83 -0.4 -1 -1 -0.76 -0.22 | -0.76 | -0.22
Moment 0 0 0 0 0 0 0 0
Curvature 1 1 084 | 022 | 076 | 022 | 076 | 0.22
1 3 1 1 1 1 1 1
1 5 1 5 1 3 1 3
1 15 1 15 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 91
2.2 91 112
3.2 112 126
4.2 126 147
3.2 147 161
2.2 161 182
11 182 280
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Bridge 6: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.2 Long. Int. 2.2
M C M C M C M C
Positive SF 326511 | 6.38E-05 | 300556 | 0.000159 | 473215 | 7.08E-05 | 438043 | 8.05E-05
Negative SF | 175770 | 6.38E-05 | 178676 | 7.16E-05 | 226048 | 7.08E-05 | 232720 | 8.05E-05
-1.37 -35 -1.38 -35 -1.4 -35 -1.45 -35
-1.37 -25 -1.38 -25 -1.4 -20 -1.45 -17
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g7 0.64 0.85 014 | 0936 | 0.36 0.85 0.14
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Frac. Ext. 1.1 Frac. Int. 1.1
M C M C M C M C

Positive SF 481552 | 6.91E-05 | 451631 | 0.000121 | 15849 | 1.23E-4 1915 2.55E-3

Negative SF | 294883 | 6.91E-05 | 302235 | 7.76E-05 | 2130 5.55E-4 1139 3.96E-3

-1.38 -35 -1.36 -35 1 35 1 -20
-1.38 -20 -1.36 19 1 -20 1 12
1 1 1 1 1 1 1 2
Normalized | 0.7 -0.56 0.8 056 | -083 | -0.56 1 1
Moment 0 0 0 0 0 0
Curvature | 4936 | 036 0.85 0.14 1 1 0.97 0.56
1 1 1 1 1 1
1 3 1 3 1 5
1 13 1 13 1 15 1 15

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans/Trans Trans End
Pier 1&2
M C M C
Positive SF 2422 | 0.0016 | 1211 | 0.0016
Negative SF 2023 | 0.0016 | 1011 | 0.0016
-1.15 -25 -1.15 -25
-1.15 -15 -1.15 -15
-1 -1 -1 -1
Normalized | -0.76 | -0.22 | -0.76 | -0.22
Moment 0 0 0 0
Curvature | 76 | 022 | 076 | 022
1 1 1 1
1 3 1 3
1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 98
2.2 98 119
3.2 119 154
2.2 154 175
1.1 175 280
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Bridge 7: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M c M c M c M c
Positive SF | 213076 | 7.09E-05 | 188227 | 0.000244 | 354649 | 7.85E-05 | 323880 | 0.000141
Negative SF | 121565 | 7.09E-05 | 120700 | 8.12E-05 | 226366 | 7.85E-05 | 225805 | 9.03E-05
-1.35 -35 -1.37 -35 -1.35 -35 -1.35 -35
-1.35 -25 -1.37 -25 -1.35 -25 -1.35 -20
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g7 0.64 0.87 019 | 0.936 0.36 0.93 0.36
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.1 Long. Int. 3.1 Long. Ext. 3.2 Long. Int. 3.2
M c M c M c M c
Positive SE | 297884 | 7.57E-05 | 265857 | 0.000194 | 298366 | 7.57E-05 | 266127 | 0.000136
Negative SF | 180976 | 7.57E-05 | 179504 | 8.71E-05 | 187592 | 7.57E-05 | 187181 | 8.71E-05
-1.35 -35 -1.38 -35 -1.35 -35 -1.38 -35
-1.35 -25 -1.38 -25 -1.35 -25 -1.38 -21
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 5936 | 036 | 0977 | 045 | 0936 | 036 | 0977 | 045
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
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Note: M=Moment (Kip-in.) and C=Curvature (1/in.)



Long. Ext. 4.1 Long. Int. 4.1 Long. Ext. 4.2 Long. Int. 4.2
M c M C M Cc M c
Positive SE | 297327 | 7.47E-05 | 266825 | 0.000187 | 297795 | 7.47E-05 | 268404 | 0.000187
Negative SF | 210110 | 7.47E-05 | 209302 | 8.43E-05 | 214882 | 7.47E-05 | 214860 | 8.43E-05
-1.35 -35 -1.36 -35 -1.35 -35 -1.37 -35
-1.35 -25 -1.36 -25 -1.35 -25 -1.37 -25
1 1 -1 -1 -1 1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 5936 | 036 0.85 014 | 0936 | 0.36 0.85 0.14
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 5.2 Long. Int. 5.2 Long. Ext. 6.1 Long. Int. 6.1
M C M C M C M Cc
Positive SF | 437012 | 7.92E-05 | 409104 | 0.000138 | 225491 | 7.18E-05 | 198753 | 0.000183
Negative SF | 355101 | 7.92E-05 | 354835 | 8.86E-05 | 127166 | 7.18E-05 | 126139 | 8.25E-05
-1.36 -35 -1.38 -35 -1.36 -35 -1.38 -35
-1.36 -25 -1.38 -25 -1.36 -25 -1.38 -25
-1 1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 4936 | (.36 0.85 014 | 0936 | 0.36 0.88 0.25
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Frac. Ext. 2.1 Frac. Int. 2.1 Frac. Ext. 6.1 Frac. Int. 6.1
M C M c M c M c
Positive SF | 11389 | 1.26E-4 | 1288 | 3.22E-3 | 11389 | 1.26E-4 | 1288 | 3.22E-3
Negative SE | 2220 | 5.66E-4 | 1999 | 4.60E-4 | 2220 | 5.66E-4 | 1999 | 4.60E-4
-1 -35 -1 -20 -1 -35 -1 -20
-1 -20 -1 -10 -1 -20 -1 -10
1 1 -1 5 -1 -1 -1 5
Normalized | 0.86 | -0.22 -1 -1 -0.86 | -0.22 -1 -1
Moment 0 0 0 0 0 0 0
Curvature 1 1 093 | 0.36 1 1 093 | 0.36
1 3 1 1 3 1 1
1 5 1 5 1 5 1
1 15 1 15 1 15 1 15
Trans Trans End 1 Trans End 2 Trans Pier
M C M c M c M c
Positive SF | 1683 | 0.00168 | 1938 | 0.00168 | 1810 | 0.00168 | 3844 | 0.00168
Negative SE | 1341 | 0.00168 | 1546 | 0.00168 | 1443 | 0.00168 | 3076 | 0.00168
-1.06 25 | -1.09 -25 -1.09 25 | -1.09 -25
-1.06 15 | -1.09 -15 -1.09 15 | -1.09 -15
-1 1 -1 -1 -1 -1 -1 -1
Normalized | 076 | 022 | -076 | 022 | -076 | -022 | -076 | -0.22
Moment 0 0 0 0 0 0 0
Curvature | 576 | 020 | 076 | 022 | 076 | 022 | 076 | o022
1 1 1 1 1 1 1
3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 18.5
2.1 18.5 1375
3.1 1375 1445
3.2 1445 165.5
4.2 165.5 186.5
5.2 186.5 244
4.2 244 272
4.1 272 286
6.1 286 377
11 377 409
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Bridge 8: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M c M c M c M c
Positive SF | 370539 | 5.49E-05 | 349445 | 0.000133 | 403697 | 5.59E-05 | 382149 | 0.000135
Negative SF | 233674 | 5.49E-05 | 243588 | 5.98E-05 | 257589 | 5.59E-05 | 267853 | 6.09E-05
-1.37 -35 -1.37 -35 -1.37 -35 -1.38 -35
-1.37 -25 -1.37 -25 -1.37 -25 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g 0.56 0.87 019 | 0915 | 0.56 0.98 0.7
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1
1 13 1 13 1 13 1 13
Long. Ext. 3.1 Long. Int. 3.1 Long. Ext. 4.2 Long. Int. 4.2
M C M C M C M c
Positive SF | 466905 | 5.82E-05 | 439859 | 0.000099 | 435027 | 5.73E-05 | 414385 | 0.000139
Negative SF | 287156 | 5.82E-05 | 298668 | 6.36E-05 | 273090 | 5.73E-05 | 289604 | 6.27E-05
-1.38 -35 -1.39 -35 -1.35 -35 -1.39 -35
-1.38 -25 -1.39 -25 -1.35 -25 -1.39 -25
-1 1 -1 -1 -1 1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 904 | 056 0.97 064 | 0936 | 0.36 0.96 0.45
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Long. Ext. 5.2 Long. Int. 5.2 Long. Ext. 6.2 Long. Int. 6.2
M c M c M c M c
Positive SF | 471122 | 5.72E-05 | 450807 | 0.000138 | 538066 | 5.84E-05 | 513367 | 9.83E-05
Negative SF | 333928 | 5.72E-05 | 348645 | 6.21E-05 | 396561 | 5.84E-05 | 411494 | 6.32E-05
-1.37 -35 -1.38 -35 -1.37 -35 -1.38 -35
-1.37 -25 -1.38 -25 -1.37 -25 -1.38 -25
1 1 -1 -1 -1 1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 5936 | 036 0.85 014 | 0932 | 056 0.88 0.25
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 7.1 Long. Int. 7.1 Frac. Ext. 3.1 Frac. Int. 3.1
M c M c M c M c
Positive SF | 531378 | 5.93E-05 | 506462 | 0.0001 | 10423 | 1.04E-4 | 1636 | 2.39E-3
Negative SF | 356981 | 5.93E-05 | 368277 | 6.45E-05 | 1661 | 7.3E-4 | 2162 | 5.3E-4
-1.37 -35 -1.39 -35 -1 -35 -1 -20
-1.37 -25 -1.39 -25 -1 -22 -1 -10
-1 1 -1 -1 -1 -1 -1 5
Normalized | 0.7 -0.56 -0.8 056 | -077 | -036 -1 -1
Moment 0 0 0 0 0 0
Curvature | 4935 | (56 0.97 0.64 1 1 0.83 0.22
1 1 1 1 1 3 1
1 3 1 3 1 5 5
1 13 1 13 1 15 1 15

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Trans/Trans
Frac. Ext. 7.1 Frac. Int. 7.1 Pier Trans End 1
M C M C M C M C
Positive SF 10423 | 1.04E-4 | 1636 | 2.39E-3 | 1970 | 0.00168 | 857 | 0.00163
Negative SF 1661 7.3E-4 2162 5.3E-4 1598 | 0.00168 | 697 | 0.00163
-1 -35 -1 -20 -1.09 -30 -1.09 -30
-1 -22 -1 -10 -1.09 -22 -1.09 -20
-1 -1 -1 -5 -1 -1 -1 -1
Normalized | -0.77 | -0.36 -1 -1 076 | 022 | 076 | -0.22
Moment 0 0 0 0 0 0 0 0
Curvature 1 1 083 | 022 | o076 | 022 | 076 | 022
1 3 1 1 1 1 1 1
1 5 1 5 1 3 1 3
1 15 1 15 1 13 1 13
Trans End 2
M C

Positive SF 1112 | 0.00168

Negative SF 900 0.00168

-1.09 -25
-1.09 -15
-1 -1
Normalized | -0.76 -0.22
Moment 0 0
Curvature 076 0.22
1 1
1 3
1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 20.5
2.1 20.5 62.5
3.1 62.5 139.5
2.1 139.5 1745
4.2 1745 202.5
5.2 202.5 2235
6.2 223.5 300.5
4.2 300.5 335.5
2.1 335.5 363.5
31 363.5 384.5
7.1 384.5 489.5
3.1 489.5 524.5
11 524.5 560
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Bridge 9: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 1.2 Long. Int. 1.2
M c M c M c M c
Positive SE | 207692 | 7.21E-05 | 183132 | 0.000249 | 207889 | 7.21E-05 | 184293 | 0.000249
Negative SF | 119209 | 7.21E-05 | 121462 | 8.29E-05 | 124631 | 7.21E-05 | 127592 | 8.29E-05
-1.35 -35 -1.37 -35 -1.35 -35 -1.38 -35
-1.35 -24 -1.37 -23 -1.35 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g 0.56 0.87 0.19 0.92 0.56 0.98 0.52
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 2.2 Long. Int. 2.2 Long. Ext. 3.2 Long. Int. 3.2
M C M C M C M c
Positive SF | 236543 | 7.43E-05 | 210295 | 0.000191 | 270759 | 7.59E-05 | 242600 | 0.000195
Negative SF | 137495 | 7.43E-05 | 140681 | 0.000086 | 168541 | 7.59E-05 | 171669 | 8.78E-05
-1.38 -35 -1.39 -35 -1.35 -35 -1.39 -35
-1.38 -25 -1.39 -25 -1.35 -25 -1.39 -25
-1 1 -1 -1 -1 1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g3 0.56 0.97 064 | 0939 | 056 0.96 0.45
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans Pier

Frac. Ext. 3.1 Frac. Int. 3.1 Trans 1&2
M C M C M C M C
Positive SF 10410 | 1.20E-4 | 1386 | 2.45E-3 | 1970 | 0.00168 | 1588 | 0.00163
Negative SF 1613 | 8.37E-4 | 1628 | 5.45E-4 | 1598 | 0.00168 | 1291 | 0.00163
-1 -35 -1 -20 -1.09 -30 -1.1 -30
-1 -22 -1 -10 -1.09 -22 -1.1 -20
-1 -1 -1 -5 -1 -1 -1 -1
Normalized | -0.8 -0.36 -1 -1 076 | 022 | 076 | -0.22
S T N Y R B T A
1 1 0.875 0.22 0.76 0.22 0.76 0.22
1 3 1 1 1 1 1 1
1 5 1 3 1 3
1 15 15 1 13 1 13
Trans End 1&2
M C
Positive SF 985 0.00163
Negative SF 799 0.00163
-1.09 -30
-1.09 -20
-1 -1
Normalized | -0.76 | -0.22
Moment 0 0
Curvature 076 022
1 1
1 3
1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 77
1.2 77 91
2.2 91 119
3.2 119 145.5
2.2 1455 1735
11 1735 2435
2.2 2435 2715
3.2 271.5 298
2.2 298 326
12 326 333
11 333 417
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Bridge 10: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.2 Long. Int. 2.2

M c M c M c M c

Positive SE | 217603 | 9.71E-05 | 212466 | 0.000254 | 278214 | 0.000103 | 270328 | 0.000208
Negative SF | 140128 | 6.24E-05 | 142863 | 6.53E-05 | 179860 | 0.000066 | 183001 | 6.94E-05
-1.36 -35 -1.37 -35 -1.35 -35 -1.38 -35

-1.36 -24 -1.37 -23 -1.35 -23 -1.38 -23

-1 -1 -1 -1 -1 -1 -1 -1

Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56

Moment 0 0 0 0 0 0 0 0
Curvature | 966 | 0.64 0.84 0.14 0.92 0.56 0.98 0.52

1 1 1 1 1 1 1 1

1 3 1 3 1 3 1 3

1 13 1 13 1 13 1 13

Long. Ext. 3.1 Long. Int. 3.1 Long. Ext. 3.2 Long. Int. 3.2

M c M C M C M c
Positive SF | 296612 | 0.000104 | 286104 | 0.000157 | 298104 | 0.000104 | 288148 | 0.000157
Negative SF | 178276 | 6.71E-05 | 181632 | 7.05E-05 | 188232 | 6.71E-05 | 191464 | 7.05E-05
-1.38 -35 -1.39 -35 -1.37 -35 -1.39 -35

-1.38 -25 -1.39 -25 -1.37 -25 -1.39 -25

-1 -1 -1 -1 -1 -1 1 1

Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | o7 0.64 0.97 064 | 0885 | 0.36 0.96 0.45
1 1 1 1 1 1 1 1

1 3 1 3 1 3 1 3

1 13 1 13 1 13 1 13
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Note: M=Moment (Kip-in.) and C=Curvature (1/in.)



Long. Ext. 4.2 Long. Int. 4.2 Long. Ext. 5.2 Long. Int. 5.2
M Cc M C M Cc M Cc
Positive SE | 384584 | 0.000108 | 375509 | 0.000113 | 392385 | 0.000105 | 383816 | 0.000156
Negative SF | 281405 | 6.95E-05 | 284502 | 7.28E-05 | 320221 | 6.73E-05 | 322860 | 7.01E-05
-1.37 -35 -1.39 -35 -1.38 -35 -1.39 -35
-1.37 -25 -1.39 -23 -1.38 -25 -1.39 -23
-1 -1 -1 -1 -1 -1 1 1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 5885 | 0.36 0.96 045 | 0.885 | 0.36 0.96 0.45
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 6.2 Long. Int. 6.2 Long. Ext. 7.2 Long. Int. 7.2
M C M C M C M C
Positive SF | 409398 | 0.000106 | 402775 | 0.000158 | 40078 | 0.000109 | 393203 | 0.00115
Negative SF | 331376 | 6.81E-05 | 333892 | 7.09E-05 | 289823 | 7.03E-05 | 293010 | 7.36E-05
-1.38 -35 -1.38 -35 -1.38 -35 -1.38 -35
-1.38 -25 -1.38 -23 -1.38 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | 05 | 036 0.96 045 | 0919 | 0.36 0.96 0.45
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
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Note: M=Moment (kip-in.) and C=Curvature (1/in.)



Long. Ext. 8.1 Long. Int. 8.1 Long. Ext. 8.2 Long. Int. 8.2
M Cc M C M Cc M Cc
Positive SE | 311592 | 0.000106 | 300765 | 0.000111 | 314537 | 0.000106 | 306241 | 0.000159
Negative SF | 186784 | 6.81E-05 | 190210 | 7.15E-05 | 196656 | 6.81E-05 | 199977 | 7.15E-05
-1.38 -35 -1.38 -35 -1.38 -35 -1.38 -35
-1.38 -23 -1.38 -23 -1.38 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 1 1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | gg 0.36 0.96 0.45 0.88 036 | 0977 | 064
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 9.1 Long. Int. 9.1 Long. Ext. 10.1 Long. Int. 10.1
M C M C M C M C
Positive SF | 286913 | 0.000103 | 276390 | 0.000155 | 267679 | 0.000102 | 257893 | 0.000152
Negative SF | 172623 | 6.64E-05 | 175858 | 6.96E-05 | 164251 | 6.53E-05 | 167380 | 6.85E-05
-1.38 -35 -1.38 -35 -1.38 -35 -1.38 -35
-1.38 -23 -1.38 -23 -1.38 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | gg 036 | 0.955 | 045 0.87 036 | 0955 | 045
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Long. Ext. 11.2 Long. Int. 11.2 Long. Ext. 12.2 Long. Int. 12.2
M C M C M C M C
Positive SF | 321647 | 0.000103 | 312965 | 0.000207 | 462765 | 0.00011 | 460216 | 0.000164
Negative
SF 238811 | 6.06E-05 | 241427 | 6.89E-05 | 368211 | 7.05E-05 | 371099 | 7.36E-05
-1.38 -35 -1.38 -35 -1.38 -35 -1.38 -35
-1.38 -23 -1.38 -23 -1.38 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g7 036 | 0955 | 045 0.93 036 | 0955 | 045
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Frac. Ext. 1.1 Frac. Int. 1.1 Frac. Ext. 2.2 Frac. Int. 2.2
M C M C M C M C
Positive SF 4870 2.69E-4 1288 3.14E-3 7056 2.69E-4 1597 2.02E-3
Negative
SF 1882 6.73E-4 1963 4.48E-4 2966 6.73E-4 2950 4.48E-4
-1 -35 -1 -20 -1 -35 -1 -20
-1 -20 -1 -10 -1 -20 -1 -10
-1 -1 -1 -3 -1 -1 -1 -5
Normalized | -0.86 -04 -1 -1 -0.7 -0.4 -1 -1
Moment 0 0 0 0 0 0 0 0
Curvature | 1 093 | 036 1 1 088 | 0.56
1 3 1 1 1 3 1 1
1 5 1 5 1 5 1 5
1 15 1 15 1 15 1 15

Note: M=Moment (kip-in.) and C=Curvature (1/in.)

329




Frac. Ext. 3.1 Frac. Int. 3.1 Trans Trans End 1&2
M C M C M C M C
Positive SF 4870 | 2.69E-4 | 1288 | 3.14E-3 | 1683 | 0.00163 | 1810 | 0.00163
Negative SF 1882 | 6.73E-4 | 1963 | 4.48E-4 | 1341 | 0.00163 | 1443 | 0.00163
-1 -35 -1 -20 -1.09 -30 -1.09 -30
-1 -20 -1 -10 -1.09 -22 -1.09 -20
-1 -1 -1 -3 -1 -1 -1 -1
Normalized | -0.86 0.4 -1 -1 076 | 022 | -0.76 | -0.22
Moment 0 0 0 0 0 0 0
Curvature | 1 093 | 036 | o076 | 022 | 076 | 0.22
1 3 1 1 1 1 1 1
1 5 1 5 1 3 1 3
1 15 1 15 1 13 1 13
Trans Pier 1&2
M C

Positive SF 2573 | 0.00168

Negative SF 2056 | 0.00168

-1.1 -30
-1.1 -20
-1 1
Normalized | -0.76 -0.22
Moment 0 0
Curvature 076 0.22
1 1
1 3
1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 53
2.2 53 95
3.2 95 102
4.2 102 116
5.2 116 123
6.2 123 161.5
7.2 161.5 175.5
8.2 175.5 210.5
9.1 210.5 2175
10.1 217.5 238.5
31 238.5 2945
10.1 294.5 315.5
9.1 315.5 322.5
8.1 322.5 3435
8.2 3435 364.5
11.1 364.5 378.5
6.2 378.5 399.5
122 399.5 424
6.2 424 438
11.2 438 459
3.2 459 494
11 494 603
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Bridge 11: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 1.2 Long. Int. 1.2
M c M c M c M c
Positive SF | 447209 | 5.19E-05 | 408675 | 9.05E-05 | 448318 | 5.19E-05 | 411855 | 9.05E-05
Negative SF | 247199 | 5.19E-05 | 250474 | 5.82E-05 | 255876 | 5.19E-05 | 259154 | 5.82E-05
-1.38 -35 -1.39 -35 -1.38 -35 -1.38 -35
-1.38 -24 -1.39 -23 -1.38 -23 -1.38 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g 0.56 0.86 0.36 0.9 0.56 0.96 0.64
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 2.2 Long. Int. 2.2 Long. Ext. 3.2 Long. Int. 3.2
M C M C M C M c
Positive S | 530622 | 5.46E-05 | 472660 | 6.18E-05 | 539602 | 5.22E-05 | 508662 | 8.94E-05
Negative SF | 293839 | 5.46E-05 | 296990 | 6.18E-05 | 387820 | 5.22E-05 | 390551 | 5.75E-05
-1.38 -35 -1.37 -35 -1.37 -35 -1.39 -35
-1.38 -23 -1.37 21 -1.37 -23 -1.39 -25
-1 1 -1 1 -1 1 -1 1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.91 0.56 0.92 0.56 0.96 0.45
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Long. Ext. 5.1 Long. Int. 5.1

Long. Ext. 4.2 Long. Int. 4.2
M C M C M Cc M c
Positive SE | 802228 | 5.61E-05 | 774300 | 9.56E-05 | 535682 | 5.36E-05 | 494752 | 9.34E-05
Negative SF | 624428 | 5.61E-05 | 626681 | 6.14E-05 | 326054 | 5.36E-05 | 329068 | 0.00006
-1.37 -35 1.4 -35 -1.37 -35 -1.36 -35
-1.37 -23 1.4 -23 -1.37 -23 -1.36 -23
1 1 1 1 1 1 1 1
Normalized | 0.7 -0.56 0.8 -0.56 0.7 -0.56 0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | gy 056 | 0977 | 064 0.92 056 | 0977 | 0.64
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 5.2 Long. Int. 5.2 Long. Ext. 6.1 Long. Int. 6.1
M C M C M C M Cc

9.34E-05 | 539611 | 0.000053 | 503906 | 9.17E-05

Positive SF | 537206 | 5.36E-05 | 498665
Negative SF | 335055 | 5.36E-05 | 338073 | 0.00006 | 351542 | 0.000053 | 354478 | 0.000059
-1.37 -35 -1.39 -35 -1.37 35 -1.39 35

-1.37 23 -1.39 23 -1.37 23 -1.39 -23

1 1 1 1 1 1 1 1

Normalized | 0.7 -0.56 0.8 -0.56 07 -0.56 0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g5 056 | 0977 | 064 0.92 056 | 0977 | 0.64
1 1 1 1 1 1 1 1

1 3 1 3 1 3 1 3

1 13 1 13 1 13 1 13

333

Note: M=Moment (kip-in.) and C=Curvature (1/in.)



Frac. Ext. 1.2 Frac. Int. 1.2 Frac. Ext. 6.1 Frac. Int. 6.1
M C M C M C M C
Positive SF 15220 | 1.09E-4 | 1584 | 2.29E-3 | 11569 | 1.09E-4 | 1347 | 2.29E-3
Negative SF 2476 | 491E-4 | 2458 | 5.09E-4 | 1859 | 4.91E-4 | 1799 | 5.09E-4
-1 -35 -1 -20 -1 -35 -1 -20
-1 -22 -1 -11 -1 -22 -1 -10
-1 -1 -1 -5 -1 -1 -1 -5
Normalized | -0.7 -0.22 -1 -1 -0.88 | -0.22 -1 -1
Moment 0 0 0 0 0 0
Curvature |y 1 093 | 056 1 1 087 | o022
1 3 1 1 3 1
1 5 1 5 1 5 1
1 15 1 15 1 15 1 15
Trans Trans End 1 Trans End 2 Trans Pier 1
M C M C M C M C
Positive SF 1683 | 0.00168 663 0.00168 407 0.00168 | 1810 | 0.00168
Negative SF | 1341 | 0.00168 | 524 | 0.00168 | 319 | 0.00168 | 1443 | 0.00168
-1.06 -30 -1.09 -30 -1.09 -30 -1.1 -30
-1.06 -22 -1.09 -20 -1.09 -20 -1.1 -20
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.76 | -022 | -0.76 | -022 | -076 | -022 | -0.76 | -0.22
Moment 0 0 0 0 0 0 0 0
Curvature | o076 | o022 | 076 | 022 | 076 | 022 | 076 | 022
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans Pier 2
M C
Positive SF | 1556 | 0.00168
Negative
SF 1239 | 0.00168
1.05 -30
1.05 -22
-1 -1
Normalized -
Moment 0.76 -0.22
Curvature 0 0
0.76 0.22
1 1
1 3
1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 62.5
1.2 62.5 118.5
2.2 1185 153.5
3.2 153.5 167.5
4.2 167.5 245
3.2 245 280
5.2 280 315
5.1 315 336
6.1 336 462
5.1 462 490
5.2 490 518
3.2 518 553
4.2 553 629.5
3.2 629.5 650.5
2.2 650.5 678.5
12 678.5 7345
1.1 7345 824
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Bridge 12: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.2 Long. Int. 2.2
M c M c M c M c
Positive S | 177808 | 8.01E-05 | 150041 | 0.000279 | 265809 | 4.91E-05 | 242338 | 0.00016
Negative S | 91919 | 8.01E-05 | 95191 | 9.29E-05 | 148519 | 8.83E-05 | 152662 | 0.000103
-1.38 -35 -1.36 -35 -1.39 -35 -1.38 -35
-1.38 -24 -1.36 -23 -1.39 21 -1.38 -19
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g3 0.56 0.89 0.19 0.54 0.4 0.91 0.56
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Frac. Ext. 1.1 Frac. Int. 1.1
M c M c M c M c
Positive SF | 271522 | 8.54E-05 | 249832 | 0.000216 | 9162 | 1.04E-4 | 1291 | 3.40E-3
Negative SF | 206366 | 8.54E-05 | 208809 | 9.71E-05 | 1456 | 1.04E-4 | 1448 | 4.86E-4
-1.35 -35 -1.37 -35 -1 -35 -1 -20
-1.35 -23 -1.37 -23 -1 -22 -1 11
-1 -1 -1 -1 -1 -5 -1 -5
Normalized | 0.7 -0.56 -0.8 -0.56 -1 -1 -1 -1
Moment 0 0 0 0 0 0 0 0
Curvature | 95 0.56 0.96 0.45 1 1 0.86 0.14
1 1 1 1 1 3 1 1
1 3 1 3 1 5 1
1 13 1 13 1 15 1 15

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Trans Trans End 1 Trans End 2 Trans Pier 1
M C M C M C M C
Positive SF 2107 | 0.00152 | 1053 | 0.00152 | 1836 | 0.00152 | 1836 | 0.00152
Negative SF 1745 | 0.00152 | 872 | 0.00152 | 1522 | 0.00152 | 1522 | 0.00152
-1.12 -30 -1.12 -30 -1.13 -30 -1.13 -30
-1.12 -22 -1.12 -21 -1.13 -21 -1.13 -21
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | -0.76 | -022 | -0.76 | -022 | -0.76 | -022 | -0.76 | -0.22
Moment 0 0 0 0 0 0 0
Curvature | 476 | 022 | 076 | 022 | 076 | 022 | 076 | 0.22
1 1 1 1 1 1 1
1 3 1 3 1 3 3
1 13 1 13 1 13 1 13
Trans Pier 2
M C
Positive SF 2618 | 0.00152
Negative SF 2172 | 0.00152
-1.13 -30
-1.13 -21
-1 -1
Normalized | -0.76 | -0.22
Moment 0 0
Curvature 076 022
1 1
1 3
1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)

Section | Start (ft) | End (ft)
1.1 0 84
2.2 84 112
3.2 112 153
2.2 153 181
1.1 181 258
2.2 258 286
3.2 286 336.5
2.2 336.5 364.5
11 364.5 465
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Bridge 13: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M C M C M C M C
Positive SF 141226 | 0.000132 | 137479 | 0.000344 | 131426 | 0.00013 | 127379 | 0.000338
Negative SF 94747 | 0.000085 | 96545 | 8.84E-05 | 89122 | 8.37E-05 | 90702 | 0.000087
-1.38 -35 -1.38 -35 -1.39 -35 -1.4 -35
-1.38 -24 -1.38 -23 -1.39 -23 -1.4 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g7 0.64 0.89 0.19 0.88 0.36 0.91 0.56
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Long. Ext. 4.2 Long. Int. 4.2
M C M C M C M C
Positive SF 183037 | 0.000141 | 181343 | 0.000282 | 206928 | 9.14E-05 | 204910 | 0.000285
Negative SF | 127072 | 9.04E-05 | 130833 | 9.41E-05 | 154578 | 9.14E-05 | 158006 | 0.000095
-1.36 -35 -1.37 -35 -1.36 -35 -1.37 -35
-1.36 -23 -1.37 -23 -1.36 -23 -1.37 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.8 -0.56 -0.83 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature [ 93 0.36 0.97 0.52 0.93 0.56 0.96 0.33
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Long. Ext. 5.2 Long. Int. 5.2 Frac. Ext. 2.1 Frac. Int. 2.1
M C M C M C M C
Positive SF | 2565210 | 9.29E-05 | 251558 | 0.000214 | 4670 | 2.45E-4 | 1313 | 3.58E-3
Negative
SF 206924 | 9.29E-05 | 209171 | 9.61E-05 | 1517 | 1.10E-4 | 1654 | 5.11E-4
-1.36 -35 -1.39 -35 -1 -35 -1 -20
-1.36 -23 -1.39 -23 -1 -18 -1 -10
-1 -1 -1 -1 -1 -1 -1 -5
Normalized | -0.85 -0.56 -0.83 -0.56 -0.84 -0.22 -1 -1
Moment 0 0 0 0 0 0 0
Curvature | g g5 0.56 0.97 0.45 1 1 095 | 0.36
1 1 1 1 3 1 1
3 1 3 1 5
13 1 13 1 15 15
Trans Trans End 1&2 Trans Pier 1&2
M C M C M C
Positive SF 1683 0.00168 523 0.00168 | 2430 | 0.00168
Negative
SF 1341 0.00168 415 0.00168 | 1946 | 0.00168
-1.06 -30 -1.05 -30 -1.06 -30
-1.06 -22 -1.05 -21 -1.06 -21
-1 -1 -1 -1 -1 -1
Normalized | -0.76 -0.22 -0.76 022 | -0.76 | -0.22
Moment 0 0 0 0 0 0
Curvature | 7¢ 0.22 0.76 022 | 076 | 022
1 1 1 1 1 1
1 3 1 3 1 3
1 13 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 12.75
2.1 12.75 89.75
1.1 89.75 96.75
3.2 96.75 124.75
4.2 124.75 131.75
5.2 131.75 162.5
4.2 162.5 169.5
3.2 169.5 197.5
11 197.5 204.5
2.1 204.5 281.5
11 281.5 288.5
3.2 295.5 316.5
4.2 316.5 323.5
5.2 3235 354.5
4.2 354.5 361.25
3.2 361.5 389.25
11 389.25 396.25
2.1 396.25 473.25
11 473.25 439
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Bridge 14: Hinge and Section Data

341

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 2.1 Long. Int. 2.1
M C M C M C M C
Positive SF 173059 | 0.000077 | 141867 | 0.000273 | 212111 | 8.09E-05 | 179280 | 0.000215
Negative SF 92595 | 0.000077 | 95620 | 9.09E-05 | 105407 | 8.09E-05 | 111621 | 9.69E-05
-1.34 -35 -1.36 -35 -1.39 -35 -1.35 -35
-1.34 -23 -1.36 -23 -1.39 -23 -1.35 -21
-1 -1 -1 -1 -1 -1 -1 -1
Normalized -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.87 0.19 0.95 0.56 0.91 0.25
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 3.2 Long. Int. 3.2 Long. Ext. 4.2 Long. Int. 4.2
M C M C M C M C
Positive SF 216831 | 8.15E-05 | 185714 | 0.000271 | 250576 | 8.53E-05 | 222027 | 0.000161
Negative SF | 117869 | 8.15E-05 | 122621 | 9.75E-05 | 123737 | 8.53E-05 | 131276 | 0.000103
-1.36 -35 -1.37 -35 -1.39 -35 -1.37 -35
-1.36 -23 -1.37 -23 -1.39 -21 -1.37 -19
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.8 -0.56 -0.83 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature [ g5 0.56 0.97 0.45 0.98 0.56 0.96 0.33
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Note: M=Moment (Kip-in.) and C=Curvature (1/in.)



Long. Ext. 5.2 Long. Int. 5.2 Frac. Ext. 1.1 Frac. Int. 1.1
M C M C M C M C
Positive SF | 254768 | 8.39E-05 | 226322 | 0.000221 | 9168 | 1.04E-4 | 1220 | 2.28E-3
Negative
SF 162599 | 8.39E-05 | 166674 | 9.96E-05 | 1539 | 1.04E-4 | 1522 | 5.06E-4
-1.35 -35 -1.38 -35 -1 -35 -1 -20
-1.35 -23 -1.38 -23 -1 -23 -1 -10
-1 -1 -1 -1 -1 -5 -1 -5
Normalized | -0.85 -0.56 -0.83 -0.56 -1 -1 -1 -1
Moment 0 0 0 0 0 0
Curvature | gg 0.56 0.97 0.45 1 088 | 022
1 1 1 1 1 1
3 1 3 1 5
13 1 13 1 15 15
Trans Trans End 1&2 Trans Pier 1&2
M C M C M C
Positive SF 1683 0.00168 297 0.002611 | 2192 | 0.00168
Negative
SF 1341 0.00168 216 0.00168 | 1750 | 0.00168
-1.06 -30 -1 -30 -1.06 -30
-1.06 -22 -1 -21 -1.06 -21
-1 -1 -1 -1 -1 -1
Normalized | -0.76 -0.22 -0.76 -0.22 -0.76 -0.22
Moment 0 0 0 0 0
Curvature | 76 0.22 077 | 014 | 076 | 022
1 1 1 1 1
3 1 3 1 3
1 13 1 13 1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Bridge 15: Hinge and Section Data

Long. Ext. 1.1 Long. Int. 1.1 Long. Ext. 1.2 Long. Int. 1.2

M c M c M c M c
Positive SF | 323409 | 5.78E-05 | 293107 | 0.000147 | 323958 | 5.78E-05 | 295102 | 0.000147
Negative SF | 203763 | 5.78E-05 | 207149 | 6.61E-05 | 212854 | 5.78E-05 | 216195 | 6.61E-05
-1.36 -35 -1.38 -35 -1.36 -35 -1.38 -35

-1.36 -23 -1.38 -23 -1.36 -23 -1.38 -23

-1 -1 -1 -1 -1 -1 -1 -1

Normalized | -0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56

Moment 0 0 0 0 0 0 0 0
Curvature | g 0.56 0.87 0.19 0.91 0.56 0.87 0.19

1 1 1 1 1 1 1 1

1 3 1 3 1 3 1 3

1 13 1 13 1 13 1 13

Long. Ext. 2.1 Long. Int. 2.1 Long. Ext. 2.2 Long. Int. 2.2

M C M C M c M c
Positive SF | 384229 | 5.99E-05 | 350980 | 0.000153 | 385000 | 5.99E-05 | 350195 | 0.000107
Negative SF | 246757 | 5.99E-05 | 250145 | 6.88E-05 | 256878 | 5.99E-05 | 260221 | 6.88E-05
-1.36 -35 -1.38 -35 -1.36 -35 -1.38 -35

-1.36 -23 -1.38 -23 -1.36 -23 -1.38 -23

-1 1 -1 -1 -1 1 -1 -1

Normalized | 0.7 -0.56 -0.8 -0.56 -0.7 -0.56 -0.8 -0.56
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.91 0.25 0.95 0.56 0.91 0.25
1 1 1 1 1 1 1 1

1 3 1 3 1 3 1 3

1 13 1 13 1 13 1 13

Note: M=Moment (Kip-in.) and C=Curvature (1/in.)
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Long. Ext. 3.2 Long. Int. 3.2 Long. Ext. 4.2 Long. Int. 4.2
M c M c M c M c
Positive SF | 415986 | 6.06E-05 | 383112 | 0.000155 | 448197 | 0.000061 | 411657 | 0.000108
Negative SF | 285021 | 6.06E-05 | 288302 | 6.96E-05 | 326085 | 0.000061 | 329189 | 6.95E-05
-1.36 -35 -1.38 -35 -1.37 -35 -1.39 -35
-1.36 -23 -1.38 -23 -1.37 -23 -1.39 -23
-1 -1 -1 -1 -1 -1 -1 -1
Normalized | 0.7 -0.56 -0.8 -0.56 -0.8 056 | -0.83 | -056
Moment 0 0 0 0 0 0 0 0
Curvature | g5 0.56 0.97 0.45 0.98 0.56 0.96 0.33
1 1 1 1 1 1 1 1
1 3 1 3 1 3 1 3
1 13 1 13 1 13 1 13
Long. Ext. 5.2 Long. Int. 5.2 Frac. Ext. 1.1 Frac. Int. 1.1
M c M c M c M c
Positive SF | 582446 | 4.79E-05 | 550752 | 9.82E-05 | 12087 | 1.15E-4 | 1347 | 2.12E-3
Negative SF | 469228 | 8.62E-05 | 471302 | 9.82E-05 | 2126 | 8.06E-4 | 2067 | 4.72E-4
-1.24 -35 -1.25 -35 -1 -35 -1 -20
-1.24 -19 -1.25 -17 -1 -23 -1 -10
-1 -1 -1 -1 -1 -1 -1 5
Normalized | -0.85 | -056 | 096 | -056 | -0.78 | -0.36 -1 -1
Moment 0 0 0 0 0 0
Curvature | g5 0.4 0.96 0.56 1 1 0.77 0.22
1 1 1 1 1 3 1
1 3 1 3 1 5 5
1 13 1 13 1 15 1 15

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Trans End

Frac. Ext. 2.1 Frac. Int. 2.1 Trans 1&2
M C M C M C M C
Positive SF 12087 | 1.15E-4 | 1347 | 2.12E-3 | 1970 | 0.00168 | 1588 | 0.00168
Negative SF 2126 | 8.06E-4 | 2067 | 4.72E-4 | 1598 | 0.00168 | 1291 | 0.00168
-1 -35 -1 -20 1.06 -30 1.11 -30
-1 -23 -1 -10 1.06 -22 1.11 -22
-1 -1 -1 -5 -1 -1 -1 -1
Normalized - -
Moment -0.78 -0.36 -1 -1 0.76 -0.22 0.76 -0.22
Curvature 0 0 0 0 0 0 0 0
1 1 0.77 0.22 0.76 0.22 0.77 0.14
1 3 1 1 1 1 1 1
1 5 1 5 1 3 1 3
1 15 15 1 13 1 13
Trans Pier 1&2
M C
Positive SF 2701 | 0.00168
Negative SF 2193 | 0.00168
-1.09 -30
-1.09 -21
-1 -1
Normalized | -0.76 | -0.22
Moment 0 0
Curvature 076 022
1 1
1 3
1 13

Note: M=Moment (kip-in.) and C=Curvature (1/in.)
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Section | Start (ft) | End (ft)
1.1 0 100
2.1 100 114
2.2 114 135
3.2 135 156
4.2 156 177
5.2 177 207.5
4.2 207.5 228.5
3.2 228.5 249.5
1.2 2495 256.5
11 256.5 2775
2.1 277.5 410.5
11 410.5 4245
1.2 4245 431.5
3.2 431.5 4525
4.2 4525 4735
5.2 4735 504
4.2 504 525
3.2 525 546
2.2 546 567
11 567 695
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APPENDIX C

GRILLAGE DESIGN EXAMPLES*

* Part of this chapter is reprinted with permission from “Analysis Guidelines and Examples for Fracture
Critical Steel Twin Tub Girder Bridges” 0-6937-P1 by Hurlebaus S., Mander J., Terzioglu T., Boger N.,
Fatima A., 2018. Texas A&M Texas Transportation Institute, 26-48, 60-82, 99-123, Copyright 2018 by
Texas A&M Texas Transportation Institute
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Grillage Analysis Example of Bridge 2

1. Gather Bridge Geometry and Material Information.

(in.)

Steel Tub Properties (fy=50 ksi)
i Top Flange Web Bottom Flange
Location - : - - : -
ft Wldth Thlt_:kness Wldth Thlgkness V\/_|dth Thlt_;kness
in. in. in. in. in. in.
0-115 18 1.00 79 0.625 50 1.00
Location Parameter Description/Value
: Harris County,
Location | 61)6
Year Designed/Year Built 2002/2004
Bridge | Design Load HS25
Length, ft 115
Spans, ft 115
Radius of Curvature, ft 1909.86
Width, ft 26.417
Thickness, in. 8
Deck Haunch, in. 4
Rail Type SSTR
# of Bar Longitudinal Top Row (#5) 40
# of Bar Longitudinal Bottom Row (#5) 32
Rebar | Transverse Spacing Top Row (#5) 5
Transverse Spacing Bottom Row (#5) 5
Rebar Strength (ksi) 60
CL of Bridge to CL of Girder (in.) 79.5
Girder | CL of Top Flange to CL of Top Flange 86
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2. Material constitutive behavior

Concrete (4 ksi)

Rebar (60 ksi)

Steel (50 Kksi)

Stress Strain Stress Strain Stress Strain
(Ksi) (1/in) (Ksi) (1/in) (Ksi) (1/in)
-4 -3.79E-03 -87.9 -0.095 -71.6 -0.1

-4 -3.56E-03 -87.9 -0.0944 -71.6 -0.097
-4 -2.69E-03 -86.6 -0.0761 -71.6 -0.095
-4 -1.78E-03 -78 -0.0386 -71.6 -0.0946
-3.8205 | -1.40E-03 -60.7 -9.80E-03 -70.3 -0.0764
-2.8718 | -8.69E-04 -60.3 -2.08E-03 -62.5 -0.039
-0.6403 | -1.78E-04 0 0 -50 -0.0196
0 0 60.3 2.08E-03 -50 -1.72E-03
0.378 1.06E-04 60.7 9.80E-03 0 0
0.378 1.16E-03 78 0.0386 50 1.72E-03
86.6 0.0761 50 0.0196
87.9 0.0944 62.5 0.039
87.9 0.095 70.3 0.0764
71.6 0.0946
71.6 0.095
71.6 0.097
71.6 0.1
3. Create a Coordinate system for half width of the span
(-158.5,44) {-151,44)
[-158.5,8) [-144,44) [-79.5,8)
(-158.5,0) (-131.5,0) (-113.5,0) (-79.5,0) (-45.5,0) {-27.5,0)
(-131.5,-4) (-113.5,-4) -45.5.5,-4) (-27.5,-4)
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(-131.5,-4) (-113.5,-4) (-45.5,-4) (-27.5,-)

(131.5,5) (113.5,5) (-45.5,5) (-27.5,5)
(-122.8125,-5) (-122.1875,5) (-36.8175,5) /[ (-36.1825,5)
(-104.5,-84) (-103.875,-84) (-79.5,-84) (55.12584) [/ (:54.585)

(104.5,85) 7. 5"_85) ' (54.5,85)

4. Create a cylindrical coordinate system for the curved bridge assuring that the
middle transverse divisions are 7 ft, as this will aid is applying the HS20 truck

load whose axels are separated by 14 ft.
Length (ft)x12
84 in (7ft)

i. #of Segments = (11;12) = 16.428 so 14 was selected

b. End Segment Length = ((Length = 12) — (# of Segments x 84))/2

((115%12)—(14+84))

a. #of Segments = ( ) rounded to nearest even number

i. End Segment Length = 5 =102 in.
Cc. Theta = M
Radius
i. Theta = ——— = 0.0602 rad or 3.450 degrees
1909.86

d. Determine the radial offsets using the outside edge, the outside flange, the
inner flange and centerline of the bridge.

Offsets (in.
Edge 158.5
Outside Flange | 122.5
Inner Flange 36.5
CL of Bridge 0
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Radial Spacing (in.)
A 23077.3 | CL+Edge
B 23041.3 | CL+OF
C 22955.3 | CL+IF
Center Line | 22918.8 | or 1909.86 (ft)
D 22882.3 | CL-IF
E 22796.3 | CL-OF
F 22760.3 | CL-Edge

a. The Longitudinal or spacing along theta is determined by converting the
longitudinal segment lengths into degrees.
I. The first and last segments are 102 in. and the intermediate

segments are 84 in. The total length is 115 ft or 1380 in.
Long.Spacing

ii. Radial Spacing (rad) =

Radius

iii. Radial Spacing (degree) = Radius Spacing (rad) * 1:—0

Long. Radial Radial Spacing
Spacing (in.) | Spacing (rad.) (degrees)

0 0.0000 0.000

102 0.0045 0.255

186 0.0081 0.465

270 0.0118 0.675

354 0.0154 0.885

438 0.0191 1.095

522 0.0228 1.305

606 0.0264 1.515

690 0.0301 1.725

774 0.0338 1.935

858 0.0374 2.145

942 0.0411 2.355

1026 0.0448 2.565

1110 0.0484 2.775
1194 0.0521 2.985

1278 0.0558 3.195

1380 0.0602 3.450

iv. Int.Transverse Element width = 84 in.
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V. End Transverse Element = 102 — (%) = 60 in.

5. Inputting the coordinate system into SAP2000
a. Select File -> New Model -> Blank model (making sure units are in Kips
and inches)
b. Right click on the blank workspace and select Edit Grid Data->
Modify/Show System->Quick Start->Cylindrical.
I. In the Number of Grid Lines panel set “Along Z=1"
ii. In the Grid Spacing panel set “Along Z=1"
iii. Select OK.
iv. Delete all R and T Coordinates that were generated
c. Add correct coordinates for R
i. All radial coordinates (A, B, C, D, E, and F).
d. Add correct coordinates for T
i. All theta coordinates for T (0 to 1380 in.)
ii. Click OK
e. The Grid System in now formed.

[, Define Grid Systermn Data x
Grid Linee
System Name GLOBAL Quick Start..
R Grid
| | Grig 1o orainate (in) Line Type Visioie Butble Loc Grig Color
| A 22773 Primary Yee ed N Add
B 23413 Primary Yes End
c 226553 Primary Yes End Delete 1
D 221823 Primary Yes End I
F 22796.2 Primany Yes md
227602 Primary Yes ed [

Lisplay Gnds as

T Grid
(@ Ordinates () Spacing
Grid ID Angle (deg) Line Type Visible Bubble Loc Grid Color A
1 0 Primary Yes Stat _ Add
-4 0.255 Primary Yee Stat _ [] Hide &0l Grid Lines.
3 0465 Primary Yes st [ 1353
4 0.675 Primary Tes st [
5 .88 Primary Yes stat [ )
Bubble Size  |36.
B 1.085 Primary Yes Stat _
7 1.305 Primary Yes Stat T
7 Grid Data Reszet to Default Color
orid I Ordinate (in} Line Type Vigible Bubble Loc Reorder Ordinates
0 Prmary Yes End Add
Delete

oK cancel
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6. Defining Material in SAP200

a.

S @

Click Define-> Materials->Add New Material->Material Type (Steel,
Concrete, or Rebar)->Standard (User)->OK

At the bottom of the window select the box which states “Switch to
Advanced Properties”

In the open window name the material “Concrete” “Steel” or “Rebar”
depending on which material is being defined. Then click “Modify/Show
Material Properties”

On the Material Property Data window click “Nonlinear Material Data”
icon.

In the Nonlinear Material Data window select the “Convert to User
Defined” icon.

Input the number of number of data points for the stress strain behavior
(10 for concrete, 13 for rebar, 17 for steel)

Input the data points for the stress strain behavior.

Select “OK”

Repeat this process again for the remaining materials.
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|
Edit
q
Material Name Material Type

[
Concrete Concrete

Hysteresis Type Drucker-Prager Parameters Units
I
Takeda v Friction Angle Kp.inF  ~
Dilatational Angle

Stress-Strain Curve Definition Options
O Parametric
@ User Defined

User Stress-Strain Curve Data

Number of Points in Stress-Strain Curve

fl Strain Stress Point ID

1 -3.790E-03 4. -E

2 -3.580E-03 -4.

3 -2 5%0E-03 -4

4 -1.780E-03 -4 -C et

5 -1.400E-03 -3.8208
{ 6 -3 B90E-04 -28T18

7 -1.780E-04 -0.5403

8 0. 0 A Order Rows

9 1.080E-04 0.378 B

10 1 160E-03 0378 E

OK Cancel

7. Defining Frame Cross Sections in SAP2000.

a. Click Define->Section Properties->Frame Sections->Add New Properties

b. In the Frame Section Properties Drop down box select “Other” and click
Section Designer. In the SD Section Designer Window name the section
B2Long click the “Section Designer” Icon.

c. Using the Polygon feature draw the features of the half width of the
bridge from Step 3. This includes: one rail, two concrete deck pieces, to
concrete haunches, two top flanges, two webs, and two pieces of the
bottom flange.

i. To change material types for the polygons right click on the
polygon and select the desired material type from the material
drop down menu.

ii. To change the coordinates of the polygon’s nodes use the
Reshaper too to change the coordinates.

d. Add in the longitudinal rebar to both concrete deck elements by using the
Line Bar from the Draw Reinforcing Shape tool. From the design
drawings it can be determined that there are 11 #5 top bars and 9 #5
bottom bars in the outer concrete deck element and 9 #5 top bars and 7 #5
bottom bars in the inner concrete element. With a 2 inch top cover and
transvers reinforcement the top bars are located at 5.0625 inches and with
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Fi

4[]

W\ AR E e

w

1€ Section Designer

Edit View Define Draw Select Display Options Help

cady

a 1.25 inch bottom cover and transverse reinforcement are located at
2.1875.

e. Click Done

/S Pl PM Ep LS

X=65.75Y =-36.95 Kip,in, F Done

Repeat this process for the transverse elements
I. At the SD Section Designer Window select Modifiers and set
Mass and Weight to 0, as to not double count the dead weight.
ii. The interior transverse members are 84 inches wide (end members
are 60 in. wide) with #5 rebar at 5 inch spacing at 5.6875 in. and
1.5625 in.

3 Section Designer
file Edt View Ocine Oram Select Display Opboms  Help

/P pappAel BELKS

[&]

T

L

E

@

|=

[

-

F - - - . . - > - - - - . - . - -
@ - - - s > s - - e - - s - - * -
W

A

+

I

To generate and exterior longitudinal member and an interior longitudinal
member. Make two copies of the B2Long section. Label one LongOut
and on Longint.
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i. For the LongOut delete every element right of the centerline.

B Section Designes - o x

Edt View Defme Draw Select Displyy Opbons  Help
/S pEpRPPLHE BE LS

B SAAQB A AF

L .0

ii. For the LonglInt delete every element left of the centerline.

- o x

e Edit  View

Define Draw  Select Display Options  Help
teppRepe LI NE

B w\NAa4dRBAr #[F
h““‘teq,,.

F

e y
‘. R
= ey T P Y ) I S|

h. To generate a simulated fracture section make copies of LongOut and
Longlnt.
i. Name the copy of LongOut FracOut.

1. Delete the bottom flange, web, and top flange of the steel
tub.
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€ Section Designer - o X

File

Ale]

w N A4dBEe

w R

File

A

M gQBEe

X = [£]

B3 section Designer

Edit View Define Draw Select Disply Options Help

/S PeemLl Bk LS

ii. Name the copy of Longlnt Fracint.
1. Delete the bottom flange, web, and top flange of the steel
tub.

Edit View Define Draw Select Display Options Help

S rpReRpeLM BE S

3218Y=22.13 Kip,in F Done.

8. Generating plastic hinges for frame elements in SAP2000.

a.
b.

Define->Section Properties->Frame Sections
Select the desired cross section. Hinges will need to be made for the
LongOut, LonglInt, FracOut, Fracint, Trans, and TransEnd.
Once selected, click Modify/Show Property->Section Designer
Once in the section designer select the Moment Curvature Curve tool.
In the Moment Curvature Curve window select Details.
i. Copy the moment curvature data to an Excel file.
ii. Select OK.
In the Moment Curvature Curve window change the Angle (deg) to 180
then select Details
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i. Copy the moment curvature data to the same Excel file as
previous.
ii. Select OK.

g. Generate a Normalized Moment Curvature Diagram

i. Normalize the Moments by dividing each of the positive moments
by the maximum positive moment and the negative moment by
the maximum negative moment. And divide the curvatures by the
curvatures corresponding to the maximum and negative moments.

ii. Plot the normalized positive and negative moment curvatures on a
chart.

iii. Create a hinge moment curvature plot on the same chart with 4
positive moment points and 4 negative moment points without
generating a negative slope.

A ] D E F 5 H 1 J K L M N o 4 a R 3 T u v w
2 |positive Normalized
3 | Concrete : Neutral A: Steel Strai Tendon St Concrete 1Steel Com Steel Ten: Prestress Net Force Curvature Moment M c
4 0 o 0 0 0 0 0 0 o 0 0 0 0.00
5|-750604 028 95304 0 -1185 -98.3936 1283.824 0 00125 13205 113885 0454081 0.22 =
SLAE03 1106 243603 0 2473 -213.797 2685.704 0 -0.7183 331E-05 228216 0909959 0.56
7 -306E-03  5.3861 4.63E-03 0 -2986 -205.526 3151444 0 -4.14E-02 596E-05 250738 1 100 B oles
6303 6.6997 732603 0 -3161 -230.918 3396.077 0 01158 9.36E-05 245937 0.950618 156 s beseet® ™
66403 65511 0.0104 0 3129 -M9.403 3471927 0 00859 0000132 234212 0933867 22
90203 62104 0.014 0 -3004 -514419 3518.052 0 00355 0.000179 228063 0909345 3.00 .
SLISE02 5425 0018 0 -3812 -708.509 3520.728 0 -0.1453 0.000232 223859 0.892587 3.89 000 2000 1000 060 1000 2000 3000
2| 0056 -1 0012 0 0 -1883 1882917 0 04752 0000291 153364 0611105  4.89 s
-0.0313 -30.9535  0.0148 0 0 -1830 1890471 0 03358 0.000357 153956 0613865 6.00 H —s—Positive
-0.0376 -30.7525  0.0179 0 0 -1857 1897.551 0 03651 0.00043 154625 0.616532 .2 o Megative
0.0445 -30.8267  0.0211 0 0 -191% 1916933 0 0671 0.00051 156301 0623215 8.5 Hinge
00522 -30883  0.0247 0 0 -1978 1977.914 0 00143 0.0005% 161297 0663135 10.00 s
0.0603 -30.9435  0.0285 0 0 2048 2048.255 0 00298 0.000688 167050 0.666074 155 .
Normalized Curvature
0.0651 -3L0003  0.0325 0 0 2127 2126833 0 00228 0.000788 173468 0651664  13.12
0.0785 -311408  0.0363 0 0 308 2008.35 0 00243 0.000893 130046 0717882 15.00
00883 -3L13M  0.0414 0 0 -2282 2082484 0 07215 0.001006 186020 0781712 16.89 M [
0.0388 -31.1509  0.0463 0 0 -2327 2326757 0 00515 0.001125 189616 0756051  18.89 -135 -35
01093 -31156  0.0515 0 0 1371 2370.534 0 00316 0001251 193172 077225 2100 135 -25
01215 -3L1605  0.0569 0 0 14 2414281 0 00211 0.001383 196731 078442 3.2 1 -1
072 -056
0 0
0s1 056
1 1
0 0.00 1 3
0 20766 n

Define Hinge Length
i. The hinge length is one half of the section depth.
1. Hingejong = 0.5 * (Deck thickness + haunch height +
top flange thickness + web height +
bottom flange thickness)
a. Hingeyyngy = 45.5in.
2. Hingeg,q. = 0.5 * (Deck thickness + haunch height)
a. Hingepyq. = 6 in.
3. Hinger,qns = 0.5 x (Deck thickness)
a. Hinger,rans = 4 in.
Making the plastic hinge in SAP200.
i. Select Define->Section Properties-> Hinge Properties->Add New
Properties
ii. Inthe Type window select moment curvature and input the
corresponding correct Hinge Length.
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Vi.

Vil.

In the Moment Curvature table insert the 4 positive and 4 negative
normalized moment curvatures and the zero point.

Uncheck the symmetric box and select the Is Extrapolated option
in the “Load Carrying Capacity beyond Point E” window.

In the “Scaling for Moment and Curvature” window insert the
maximum positive moment and corresponding curvature as well
as the maximum negative curvature and corresponding curvature.
In the Acceptance Criteria use the values 1,2, and 3 for Immediate
Occupancy, Life Safety, and Collapse Prevention in the positive
column and -1, -2, and -3 for the negative column.

Repeat for all remaining Frame Sections (LongOut, Longint,
FracOut, Fraclnt, Trans, and TransOut)

Edit

:X: Frame Hinge Property Data for LongQUT - Moment M3 b

Displacement Control Parameters

Type

Point

Moment/SF Curvature/SF i () Moment - Rotation
-135 -35

-135 -25

-1 -1
072 056 J

o=t

@ Moment - Curvature

Hinge Length
[] Relative Length

Hysteresis Type And Parameters

Hysteresis Type Isotropic ~

[] Symmetric

No Parameters Are Required For This
Hysteresis Type

Load Carrying Capacity Beyond Point E
() Drops To Zero
@) Is Extrapolated

Scaling for Moment and Curvature

[[] use Yield Moment

[] Use Yield Curvature  Curvature SF
(Steel Objects Only)

Acceptance Criteria (Plastic Curvature/SF)
- Immediate Occupancy
Life Safety
Collapse Prevention

|:| Show Acceptance Criteria on Plot

Positive

250798,

5.960E-05

Negative

Moment SF 14408

II

5.960E-05

Positive Negative

Cancel

9. Assign Frame Members to Grid.
a. Select the Draw tab->Quick Draw Frame/Cable/Tendon
b. In the Section drop down menu select LongOut.
c. Then click on every grid segment on second to last longitudinal grids (B

& E).
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Properties of Object

Line Object Type
Section

Moment Releases

X Plane Offset Normal

Straight Frame
LongOUT
Continuous.

0.

d. Change the Section to Longlnt and repeat step ¢ but for the two interior
longitudinal grids (C & D).

e. Change the Section to TransEnd and repeat step ¢ but for the end
transvers grids (1 & 17).

f. Change the Section to Trans and repeat step ¢ but for all other transverse
grids (2 to 16).

Properties of Object B

Line Object Type Straight Frame
Section Trans

Moment Releases Continuous
XY Plane Offset Normal 0.

10. Assign Hinges to Frame Elements
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The Longitudinal Hinges are placed at the ends of the longitudinal frame
elements or at a relative distance of 0 and 1.

The Transvers hinges are placed at a distance of half a top flange width
away from the node.

. half flange width 18/2
I. Hinge LoC.piop = / Jlang : =1-22_97s5
Element Width 36
. . __ half flange width _ 18/2
. Hinge LoC.gtopandcton = Element Width 86

0.1046 and (1 — 0.1046) or 0.8954
. __ half flange width __ 18/2
. Hinge Loc.poc = Element Width 73
0.1046) or 0.8767

iv. Hinge LoC.gioa=

0.1233 and (1 —

half flange width _ 18/2 0.25
Element Width 36
In SAP2000 assign the hinges to corresponding frame elements.

i. Select the desired frame elements you wish to assign hinges to
such as LongOut. (The elements will turn from blue to yellow).
ii. In SAP2000 select the Assign tab->Frame->Hinges
1. From the drop down menu select LongOut and set relative
distance to 0 and click ADD.
2. From the drop down menu select LongOut and set relative
distance to 1 and click ADD.
3. Then click OK.

i Assign Frame Hinges X
Frame Hinge Assignment Data
Relative
Hinge Property Distance
LongOUT w1
LongQUT | [
LongOUT \ 1 Add Hinge... |
‘ Delete Hinge |
Current Hinge Information
Type: User Defined
DOF: Moment M3
Options
() Add Specified Hinge Assigns to Existing Hinge Assigns
®) Replace Existing Hinge Assigns with Specified Hinge Assigns
Existing Hinge Assignments on Currently Selected Frame Objects
Number of Selected Frame Objects: 32
Total Number of Hinges on All Selected Frame Objects: 0
o ] [oee ] [omn |

iii. Repeat Step ii. for all other frame elements.
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3H3(LongOUT) 35H4(LongINT) 62H4{LongINT) 30H3(LongOUT)

‘ m 132H3(Tran$EH2(Trans) 136H{3[Tran9]39H3 Trans)139H4(Trans]44H3(Trans) . 144H4(TrangdirH2(Trans)
2H4(LongOUT) 34H3(LongINT) 63H3{LongINT) 31H4(LongQUT)
2H3{LongQUT) 34H4(LongINT) 63H4({LongINT) 31H3(LongQUT)

‘ N | 133H3(TrangyH2(Trans) 137HrtTrans)38H3[Trannﬂ38H4(Trans‘;45H3[Trans) 145H11LTran§EH3[ rans)
1H4{LongOUT) 33H3(LongINT) BAH3(LongINT) 32H4(LongOUT)
1H3(LongQUT) 33H4(LongINT) 64H4(LongINT) 32H3(LongOUT)

E5)\-12(Tran§BNBoTran5ENDE6H4 TransmmwransﬁﬁquTransma(;smansEND;saH:;JTranmNDoT}ansEND)

11. Assigning Loads to the Frame Elements
a. HS20 Wheel Axel Loads
i. HS20 Axel Loads will be placed at distances of 36 in., 108 in.,

180 in., and 252 in. from the outside of the curved edge.

ii. One line of the 16 kip axels will be placed at the half way point of
the bridge or transverse grid 9 with the second line 14 feet away at
transverse grid number 7. One line of 4 kip axels will be placed 14
feet away from the first line of axels at grid line 11.

iii. In SAP2000 the loads have to be placed at a relative distance so

this value needs to be calculated.
L1—-36 _ 36—36

1. HSZOAxel 1 Loc (B—A) = Ly 36 =0
Li+L,—108  36+86-108

2. HS20pxe12 Loc (c-B) = — Lzz = 86 = 0.1628
Li{+L,+L3;—180 36+86+73—-180

3. HSZOAxelBLoc o-0) = : 2L33 - 73 -

0.2055

_ Li+Lp+L3+Ls—252 _
4. HSZOAxel4Loc (E-D) — -

Ly

36+86+73+86—252
86

= 0.3372

b. Lane Loads
i. Lane Loads are line loads of 0.640 kip/ft (0.05333 kip/in.)
centered at a distance of 96 in. and 240 in. from outside of the
curved edge.
ii. These lane loads will be placed on the longitudinal frame
elements. They will be assigned to elements along the B, C, D,
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and E longitudinal elements according to the appropriate tributary
distance.

1. LanelLoadp = (m

) * laneload = (

0.05333 = 0. 016124"”’

2. Laneload; = laneload laneloady = 0.05333 —

0.016124 = 0. 037209’(2

3. Laneloadp = (

Ly
(36+86+73+86—240

= ) *0.05333 = 0.025426 .
4. Laneloadg = laneload — laneload) = 0.05333 -
0.025426 = 0.027907 — klp

c. In SAP2000 the load patterns must be flrst be defined.
i. Select the Define tab->Load Patterns.

1. Under the Load Pattern Name ender HS20 and change the
type in the drop down menu to Live. The self-weight
multiplier should be set to 0. Then click Add New Load
Pattern.

2. Under the Load Pattern Name ender LaneLoad and change
the type in the drop down menu to Live. The self-weight
multiplier should be set to 0. Then click Add New Load
Pattern.

3. Then click OK.

36+86—96)
—_— ) %

2 86

Li+L; +L3 +L4 240

) * laneload =

Load Patterns. Click To:

Self Weight Auto Lateral

Load Pattern Name Type Humpller Load Pattern Add New Load Pattern

|DEAD | Dead Modify Load Pattern

DEAD
H520 lee
LanelLoad Live
Delete Load Pattern
Show Load Pattern Notes...
K

Cancel

ii. Assigning the HS20 wheel loads in SAP2000.
1. Select the exterior transverse element of grid line 9 and 7.
2. Click Assign->Frame Loads->Point
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From the Load Pattern drop down menu select HS20 and
verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

In column 1 enter a Relative Distance of 0 (HS20 Axel 1
Loc. B-A) and Load of 16 Kips.

Click OK.

Repeat for grid line 11 to assign the 4 kip load.

Repeat Steps 1-6 for HS20 Axel 2,3,4 Loc. C-B, D-C, and
E-D.

iii. Assigning the Lane Load in SAP2000.

1.

2.
3.

o

Select all exterior longitudinal frame elements along grid
line B.

Click Assign->Frame Loads->Distributed

From the Load Pattern drop down menu select Lane Load
and verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

In the Uniform Load box enter 0.016124 (Lane Load B).
Click OK.

Repeat Steps 1-5 for all of the longitudinal elements along
gridlines C, D, and E.

364



12. Defining Load Cases
a. The Load Case being used to determine redundancy is 1.25DL +
1.75(LL + IM). Where DL=Dead Load, LL= Live Load, and IM= Impact
Load. When substituting in the HS20 truck load and the Lane Load the
preceding equation reduces to 1.25DL + 1.75LaneLoad + 2.33HS20
b. Generating Load Cases in SAP2000.

i

ii.
iii.
iv.

V.

Vi.

Vii.

viii.

Click Define->Load Cases->Add New Load Case

In the Load Case Name Panel name the load case “LC1”

In the Analysis Type select “Non-Linear”

For the LC1 Load Case in the Stiffness to use panel select “Zero
Initial Conditions”

In the Loads Applied panel leave the Load Type “Load Pattern”
in the drop down Load Name menu select DEAD and change the
Scale Factor to 1.25. Click Add. Change the Load Name menu
select HS20 and change the Scale Factor to 2.33. Click ADD.
Change the Load Name menu select Lane Load and change the
Scale Factor to 1.75. Click ADD.

In the Other Parameters panel in the Results Saved section click
Modify/Show.

In the Results Saved for Nonlinear Static Load Cases window
change the Results Saved to Multiple States and in the For Each
Stage panel change the Minimum Number of Saved Steps and the
Maximum Number of Saved Steps to 20. Click OK.
Then Click the OK on the Load Case Data Window.

Repeat Steps i.-viii. to create an LC2, LC3, and LC4. However, in
the Initial Conditions Window select Continue from State at End
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of Nonlinear Case and from the drop down menu select the
preceding load case. (For LC2 the Nonlinear Case LC1 would be

selected).

Load Case Name Notes

‘ Lt Set Def Name Modify/Show...

Initial Conditions
@ Zero Initial Conditions - Start from Unstressed State

O Continue from State at End of Nonlinear Case

Modal Load Case
All Modal Loads Applied Use Modes from Case MODAL

Loads Applied

Load Type Load Mame Scale Factor
Load Pattern ~ | DEAD
Load Pattern
Load Pattern Add
Load Pattern
Modify
Delete
Other Parameters
Load Application Full Load Modify/Show.
Results Saved Muttiple States Modify/Show..
Nonlinear Parameters Default Modify/Show.

13. Defining End Supports

Load Case Type

Static ~ | Design..
Analysis Type

() Linear

@ Nonlinear

O Nenlinear Staged Construction

Geometric Nenlinearity Parameters

@ None
O PDeta
O P-Delta plus Large Displacements

Mass Source

Previous £

o)

Cancel

a. The elastomeric bearing pad for each girder have lateral stiffness of 12
Kip/in. and a vertical stiffness of 6100 Kip/in. Since the tub girders are
divided in half, the lateral stiffness will be 6 kip/in. and the vertical

stiffness will be 3050 kip/in.

b. Assigning spring supports in SAP2000.

i. Select the 8 nodes at the very end of the longitudinal members.

ii. Click Assign->Joint->Springs

iii. In the Assign Joint Springs window in the Simple Springs
Stiffness panel enter 6 for Translation 1&2 and 3050 for

Translation 3.
iv. Click OK.
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14. Defining Centerline Data Acquisition Points at Mid-Span of Girder

a.

b.

C.

Select the transverse frame elements between B&C as well as D&E at
Mid-Span (Gridline 9).

Click Edit->Edit Lines->Divide Frames

In the Divide into Specified Number of Frames window enter 2 for
Number of Frames.

Click OK.

15. Analyzing the Non-Fracture Structure for Dead Load Only

a.
b.

o

=h

In SAP2000 click Analyze->Run Analysis

In the Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.

Select DEAD then click Run/Do Not Run Case until the Action is Run.
Then click Run Now. Let SAP2000 Run the Load Cases until the scree
says the Analysis is Complete.

Once the analysis is complete, select the spring reactions.

Click Display->Show Tables
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.
j.
K.
|

In the Choose Table for Display window click the + symbol beside Joint
output and select the square box beside Reactions.

In the Output Options window in the Nonlinear Static Results panel select
Last Step.

Select and copy the information from the F3 column.

The sum of the F3 values is the dead load.

Then click Done.

Unlock the structure.

16. Analyzing the Non-Fractured Structure

a.
b.

> @

.
j.

In SAP2000 click Analyze->Run Analysis

In the Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.

Select LC1, LC2, LC3, and LC4 then click Run/Do Not Run Case until
the Action for all 4 is Run.

Then Click Run Now.

Let SAP2000 Run the Load Cases until the scree says the Analysis is
Complete.

Once the analysis is complete, select the data collection point on the
transverse member on the outside girder (C-B).

Click Display->Show Tables

In the Choose Table for Display window click the + symbol beside Joint
output and select the square box beside Displacements

Edit

Load Fatterns (Model Def )

Select Load Cases.

4074 Selected

Modify/Show Options.

Options.

Selection Only
[ Show Unformatied

O Element Output
0O Structure Output

Named Sets.

Save Named Set..

Table Formats File. Current Table Formats File: Program Defaul

Click the Modify/Show Options button.
In the Output Options window in the Nonlinear Static Results panel select
Step-by-Step.
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3 Output Options x

Base Reactions Location

owalx o [
O R |
S O

Nonlinear Static Results

() Envelopes.

@) Step-by-Step

O Laststep In and Qut of Phase

k. Click OK.

I. Select and copy the information from the Output Case, StepNum
Unitless, and the U3 in. column and paste them into an Excel worksheet.
These columns represent Load Case, Step Number, and Deflection for the
Outside Girder respectively.

File View Edit Format-Filter-Sort  Select  Options

Units: As Noted Joint Displacements ~

Fiter:
Joint OutputCase seType  StepType @ StepNum ut u2 u3 R1 R2 R3 ~
Text Text Text Unitless in in in Radians Radians Radians
» Lct NonStatic Step 0 0 0 0 0 0 0

103 Lct NonStatic Step 1 0.002545 7.7E-05 -0.087926 -2.881E-08 0.000189 5.324E-08
103 Lct NonStatic Step 2 0.00509 0000154 -0.175851 -5.363E-06 0.000338 1.065E-07

m. Then click Done.

n. Select the data collection point on the transverse member on the inside
girder (E-D) and repeat Steps g-l. However, on Step | there is no need to
copy Output Case, Step Num Unitless again.

0. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element B) and repeat Steps g-I.
This information goes into the Delta 4 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

p. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element C) and repeat Steps g-l.
This information goes into the Delta 3 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

g. Select the joint on the transverse member on the inside girder at
transverse element 9 (at longitudinal element D) and repeat Steps g-1.
This information goes into the Delta 2 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.
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r. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element E) and repeat Steps g-I. This
information goes into the Delta 1 column. However, on Step | there is no
need to copy Output Case, Step Num Unitless again.

1 InlactA ’ ¢ i l')Gr(ZLE ' IG-CL i Pni:td Pui‘nli Pl)iJntZ PDi:tl ' i App::ied . - 0G . = 1G = = =
, loadcase [LoadStep| 0 |Deltain)| Chord (rad) | Deltafin) | Chord (rad) |Delts in)|Delta (i) Dela in) Delta(n) 23 (ra) 32 rad) (Lk"i“p‘: 0 (cal) |Delta (in) i::; Delta (in) f::g": t:::l (::;
S.

Once all of the data is collected unlock the model by selecting the Lock

tool on the left hand side of SAP2000 screen.

17. Analyzing the Fractured Structure

a. At Mid-Span along grid line 9, replace the hinges of the outside
longitudinal element (gridline B) with FracOUT hinges according to Step

10.
b. At Mid-Span, along gridline 9, replace the hinges of the first interior
longitudinal element (gridline C) with FracInt hinges according to Step
10.
~ LongiNT} | 2241 (LangbUT)
41 103H2( Trad @8
h S LongINT} 23H2{LangSUT)
~— I‘ g
| \-C:—J T LangINT) 42H1(LongINT) 24H1(LengBUT)
G) [ _ I“I;:-.:lh::.;lzz.lj.:;:. I '5"';;'.""';:':‘[_T K ey
} ) |‘iilq-rud;‘.iill‘:ifr-m:-
| CD I» — 28H2(LangDUT)
c. Repeat Step 15 for the Fractured Case and collect the data accordingly.
18. Post Processing of the Data
a. Inthe Excel Sheet the following values need to be calculated for each
step.

i. Omega (Q2)

1

1L 0= 0 +(
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ii. Longitudinal Chord Rotation of Interior and Exterior Girder

5
1. Chord Rot.singie span = —1 * (ﬁ) (rad)
iii. Transverse Deck Roataion

Ly = (252) - (2£2) (rad)
2. @y = (252) = (£22) (rad)

S
3. Where s=spacing between the interior top flanges of the

inside and outside girders and w=spacing between the top
flanges of the same girder.
iv. Applied Load
1. Calculate unit applied load or applied load at 1 Q.
2. Unit Applied Loadgingie span = 1.25 *
Total Reactions from Dead Load Case + 2 * (2.33 *
HS?20 truck + 1.75 * Lane Load)
3. Applied Load = Unit Applied Load * (2
Repeat Step A for the Fractured Case.
Calculate the initial stiffness for intact bridge and instantaneous stiffness
for fractured bridge.
i. For the Non-Fractured condition (Intact Bridge) find the absolute
displacement for the Outside Girder at an Q value of 0.4.

P . 0.4
1. Initial Stif fness = ,
Absolute Displacement 0G (at 2=0.4)

ii. For the Fractured case add an additional column labeled stiffness
Ni—0i4
8i—=8i—1
. Failure of the structure occurs at the Q of the Fractured Bridge at the first
of the following criteria.
i. The instantaneous stiffness for the fractured outside girder is less
than 5% of the initial stiffness of the intact outside girder.

ii. The chord angle of the outside girder for a simple spans or interior
spans is greater than 2°. The chord angle for exterior spans of
multi-span bridges is greater than 3°.

iii. The transverse deck rotation is greater than 5°.
On a chart plot the Non-Fractured Outside and Inside Girder as well as
the Fractured Outside and Inside Girder with displacement on the primary
x axis and the Total Force on the primary y axis and € on the secondary
y-axis

1. Instantaneous Stif fnesspg_rrac. i =
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Grillage Analysis Example of Bridge 5

1. Gather Bridge Geometry and Material Information.

L ocation Top Flange Web Bottom Flange
ft V\/_idth Thi(_:kness V\/_idth Thic_:kness V\/_idth Thic_:kness
in. in. in. in. in. in.
0-105 18 1.00 54 0.5 56 0.75
105-122 18 1.00 54 0.5625 56 1.250
122-140 18 1.75 54 0.5625 56 1.250
140-157 18 1.75 54 0.5625 56 1.250
157-174 18 1.57 54 0.5625 56 1.250
174-192 18 1.00 54 0.5625 56 0.75
192-280 18 1.00 54 0.5 56 0.75
Location Parameter Description/Value
Location Travis County, 135
Year Designed/Year Built 1998/2002
. Design Load HS20
Bridge 1 chath, ft 279.58
Spans, ft 140, 139.58
Radius of Curvature, ft 450
Width, ft 30
Thickness, in. 8
Deck Haunch, in. 4
Rail Type T4(S)
# of Bar Longitudinal Top Row (#4) 40
# of Bar Longitudinal Bottom Row (#5) 36
# of Bar Longitudinal Top Row (#4) 41
@support
Rebar # of Bar Longitudinal Top Row (#5) 40
@support
# of Bar Longitudinal Bottom Row (#5)
@support 36
Transverse Spacing Top Row (#5), in. 5
Transverse Spacing Bottom Row (#5), in. 5
Girder CL of Bridge to CL of Girder (in.) 56.5
CL of Top Flange to CL of Top Flange (in.) 83
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2. Material constitutive behavior

Concrete (4 ksi) Rebar (60 ksi) Steel (50 ksi)
Stress Strain Stress Strain Stress Strain
(ksi) (1/in) (Ksi) (1/in) (ksi) (1/in)
-4 -3.79E-03 -87.9 -0.095 -71.6 -0.1
-4 -3.56E-03 -87.9 -0.0944 -71.6 -0.097
-4 -2.69E-03 -86.6 -0.0761 -71.6 -0.095
-4 -1.78E-03 -78 -0.0386 -71.6 -0.0946
-3.8205 | -1.40E-03 -60.7 -9.80E-03 -70.3 -0.0764
-2.8718 | -8.69E-04 -60.3 -2.08E-03 -62.5 -0.039
-0.6403 | -1.78E-04 0 0 -50 -0.0196
0 0 60.3 2.08E-03 -50 -1.72E-03
0.378 1.06E-04 60.7 9.80E-03 0 0
0.378 1.16E-03 78 0.0386 50 1.72E-03
86.6 0.0761 50 0.0196
87.9 0.0944 62.5 0.039
87.9 0.095 70.3 0.0764
71.6 0.0946
71.6 0.095
71.6 0.097
71.6 0.1

3. Create a Coordinate system for half width of the span for each cross section in 1.
An example of the first cross section is show below.
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(-180,44) (-170,44)

(-180,8) (-170,8) (-98,8)
{-180,0) (-148.5,0) (-130.5,0) (-98,0) (-65.5,0) (-47.5,0)
(-148.5,-4) (-130.5,-4) (-65.5,-4) (-47.5,-4)
(-148.5,4) (130.5,-4) (-65.5,-4) (-47.5,-4)
(-148.5,-5) (130.5,5) (-65.5,5) (-47.5,5)
(-138.75,-5) (-139.25,-5) (-56.75,-5) [ [ (-56.25,5)
(-126,-59) (-125.5,59) (-98,-59) (-70.5,-59) (70,-53)
(-126,:59.75) (-98,-59.75) (-70,-59.75)

4. Create a cylindrical coordinate system for the curved bridge assuring that the
middle transverse divisions are 7 ft, as this will aid is applying the HS20 truck
load whose axels are separated by 14 ft.

a. #of Segmentsyer span =

(Length (ft)x12
84 in (7ft)

I. #of Segmentsspan 182 = (

140%12

) rounded to nearest even number

) =20

b. End Segment Length = ((Length * 12) — (# of Segments * 84))/2
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I. End Segment Length = ((140*12)2_ rsn) 0 in.
ii. Therefore, the end segments are also equal to 84 in.

Total Length
Cc. Theta = ot emgrh

Radius
280

i. Theta = 50— 0-6222 rad or 36.65 degrees

d. Determine the radial offsets using the outside edge, the outside flange, the
inner flange and centerline of the bridge.

Offsets (in.
Edge 180
Outside Flange | 139.5
Inner Flange 56.5
CL of Bridge 0
Radial Spacing (in.)
A 5580 | CL+Edge
B 5539.5 | CL+OF
C 5456.5 | CL+IF
Center Line 5400 | or 450 (ft)
D 5343.5 | CL-IF
E 5260.5 | CL-OF
F 5220 | CL-Edge

b. The Longitudinal or spacing along theta is determined by converting the
longitudinal segment lengths into degrees.
i. All segments are 84 in. The total length is 280 ft or 3360 in.

ii. Radial Spacing (rad) = 222gspacing

Radius

iii. Radial Spacing (degree) = Radius Spacing (rad) * 1:—0

Long. | Radial | Radial
Spacing | Spacing | Spacing
(in) (rad.) (deg.)

0| 0.0000 0.000 | Longl
84| 0.0156 0.891 | Longl
168 | 0.0311 1.783 | Longl
252 | 0.0467 2.674 | Longl
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336 | 0.0622 3.565 | Longl

420 | 0.0778 4.456 | Longl

504 | 0.0933 5.348 | Longl

588 | 0.1089 6.239 | Longl

672 | 0.1244 7.130 | Longl

756 | 0.1400 8.021 | Longl

840 | 0.1556 8.913 | Longl

924 | 0.1711 9.804 | Longl
1008 | 0.1867 | 10.695 | Longl
1092 | 0.2022 | 11.586 | Longl
1176 | 0.2178 | 12.478 | Long?2
1260 | 0.2333 | 13.369 | Long?2
1344 | 0.2489 | 14.260 | Long?2
1428 | 0.2644 | 15.152 | Long3
1512 | 0.2800 | 16.043 | Long3
1596 | 0.2956 | 16.934 | Long4
1680 | 0.3111| 17.825| Long4
1764 | 0.3267 | 18.717 | Long4
1848 | 0.3422 | 19.608 | Long3
1932 | 0.3578 | 20.499 | Long3
2016 | 0.3733| 21.390 | Long2
2100 | 0.3889 | 22.282 | Long?2
2184 | 0.4044 | 23.173 | Long?2
2268 | 0.4200 | 24.064 | Longl
2352 | 0.4356 | 24.955 | Longl
2436 | 0.4511 | 25.847 | Longl
2520 | 0.4667 | 26.738 | Longl
2604 | 0.4822 | 27.629 | Longl
2688 | 0.4978 | 28.521 | Longl
2772 | 05133 | 29.412 | Longl

Long. | Radial | Radial
Spacing | Spacing | Spacing Scé(::)izsn
(in.) (rad.) (deg.)

2856 | 0.5289 | 30.303 | Longl
2940 | 0.5444 | 31.194 | Longl
3024 | 0.5600 | 32.086 | Longl
3108 | 0.5756 | 32.977 | Longl
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3192 | 0.5911| 33.868 | Longl
3276 | 0.6067 | 34.759 | Longl
3360 | 0.6222 | 35.651 | Longl

iv. Int.Transverse Element width = 84 in.

V. End Transverse Element = 84 — (%) =42 in.

Vi. Peir Tansvers Element = 84 4+ 84 — 84 = 84 in.

5. Inputting the coordinate system into SAP2000

a.

Select File -> New Model -> Blank model (making sure units are in Kips
and inches)
Right click on the blank workspace and select Edit Grid Data->
Modify/Show System->Quick Start->Cylindrical.
I. In the Number of Grid Lines panel set “Along Z=1"
ii. In the Grid Spacing panel set “Along Z=1"
iii. Select OK.
iv. Delete all R and T Coordinates that were generated
Add correct coordinates for R
i. All radial coordinates (A, B, C, D, E, and F).
Add correct coordinates for T
i. All theta coordinates for T (0 to 3360 in.)
ii. Click OK
The Grid System in now formed.

¥ Define Grid System Data x
Grid Li
System Name GLOBAL Luick Star..
R Grid
Grid D Ordinate (in) LineType  Visible  Bubbleloc  Grid Cobr
5220 Primay Yes = Add
- b2805 Frimay Yes cd
Delele
) 53435 Primay Yes End I it
z 54565 Primay Yea gnd
3 bh3yh Frimay Yes end
A 5580 Primary Yes End |
Dieplay Gride ae.
T Grid
® Ordinates () Spacing
Grd ID Angle (deg) Line Type Vsaible Bubble Lac Gid Color ™
] Primary ves = 2 | Add
0.851 Frimary ves End _ "] HigeancriaLlnes
Delele
3 1783 Primary Yes ed [
1 2674 Primary e ed [
5 461 Primary ves ed Bubble Size
[ 4456 Primary Yes Bd N
- aan - v o —
e Reset to Defact Color
Grid ID Ordinate (in] Line Type Visible Eubble Loc Recrder Ordnatee
0 Primary Yes Cnd Add
Delele
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Defining Material in SAP200

a.

Click Define-> Materials->Add New Material->Material Type (Steel,
Concrete, or Rebar)->Standard (User)->OK

At the bottom of the window select the box which states “Switch to
Advanced Properties”

In the open window name the material “Concrete” “Steel” or “Rebar”
depending on which material is being defined. Then click “Modify/Show
Material Properties”

On the Material Property Data window click “Nonlinear Material Data”
icon.

In the Nonlinear Material Data window select the “Convert to User
Defined” icon.

Input the number of number of data points for the stress strain behavior
(10 for concrete, 13 for rebar, 17 for steel)
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g. Input the data points for the stress strain behavior.

h. Select “OK”

i. Repeat this process again for the remaining materials.
1" ;d\t

Concrete Concrete

Hysteresiz Type Drucker-Prager Parameters Units

I
Takeda (v Friction Angle Kip, in, F ~
Diatational Angle

Stress-Strain Curve Definition Options
O Parametric
@ User Defined

User Stress-Strain Curve Data

Number of Points in Stress-Strain Curve

fl Strain Stress Point I

1 -3.7T90E-03 -4. -E

2 -3.560E-03 -4

3 -2.880E-03 -4

4 -1.780E-03 -4 -C e

5 -1 400E-03 -3.8205
{ ] -5.680E-04 -2.8718

7 -1.780E-04 -0.6403

8 0. 0 A Order Rows

9 1.080E-04 0.378 B

10| 1.180E-03 0378 E

OK Cancel

7. Defining Frame Cross Sections in SAP2000.

a. Click Define->Section Properties->Frame Sections->Add New Properties

b. In the Frame Section Properties Drop down box select “Other” and click
Section Designer. In the SD Section Designer Window name the section
B5Longl click the “Section Designer” Icon.

c. Using the Polygon feature draw the features of the half width of the
bridge from Step 3. This includes: one rail, two concrete deck pieces, to
concrete haunches, two top flanges, two webs, and two pieces of the
bottom flange.

i. To change material types for the polygons right click on the
polygon and select the desired material type from the material
drop down menu.

ii. To change the coordinates of the polygon’s nodes use the
Reshaper too to change the coordinates.

d. Add in the longitudinal rebar to both concrete deck elements by using the
Line Bar from the Draw Reinforcing Shape tool. From the design
drawings it can be determined that there are 7 #4 top bars and 9 #5
bottom bars in the outer concrete deck element and 11 #4 top bars and 11
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#5 bottom bars in the inner concrete element. At the pier support 9
additional #5 top bars are added to the top of the outer concrete deck and
10 additional #5 top bars are added to the inner concrete deck. With a 2
inch top cover and transvers reinforcement the top bars are located at
5.0625 inches and with a 1.25 inch bottom cover and transverse
reinforcement are located at 2.1875.

e. Click Done (Below is an example of the 1% cross section).
3 section Designer - O X
;F peReepe E kS
&
i, o+
2]
& + + + + + + I + + + + + +
7 + * + + ?I * +* * + + +
i‘ 3
>; | |
by T T
|4
1y Ready X =-43.59Y =61.00 ki F ~[_____ Dbene |
f. Repeat this process for the remaining longitudinal elements.
g. Repeat the process for the transverse elements.

i. At the SD Section Designer Window select Modifiers and set
Mass and Weight to 0, as to not double count the dead weight.

ii. The interior transverse members are 84 inches wide (end members
are 42 in. wide) with #5 rebar at 5 inch spacing at 5.6875 in. and
1.5625 in.
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B€ Section Designer
File Edit View Define Draw Select Display Options Help

Do pRpepRpALN BB S

75

N A gD E -

[
Py

=

Ready X =1.69Y =21.89 Kip,in F Done

h. To generate and exterior longitudinal member and an interior longitudinal
member. Make two copies of the B5Long1 section. Label one Long1Out
and on Longlint.

i. For the Long1Out delete every element right of the centerline.

- b ox
D D St gy Cytoms il
P DEERpON Bk kS
[&] T
+
=
3 R A
=
: b
I 4
- \
n 3
4
& 4
H
1 a
K
- L) W r—

ii. Forthe Longlint delete every element left of the centerline.
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iii. Repeat this process for all cross sections.
i. To generate a simulated fracture section make copies of Long1Out and
Longlint.
i. The reason Long1Out and LonglInt are chosen for the fractured
section is because the fracture occurs at 0.4*L or 672 inches.
Which from the radial spacing table Long1 is the section used at
672 in.
ii. Name the copy of Long1Out Frac1Out.
1. Delete the bottom flange, web, and top flange of the steel
tub.

B Section Designer - [u] X
File Edit View Define Draw Select Display Options Help

/I RpepepeLMN BE LS

®
L,
&=
(e
=)
o i
F
2

[

3 (—1

+ * . > . . . . .

" . . - + - .

iii. Name the copy of LonglInt Fracint.
1. Delete the bottom flange, web, and top flange of the steel
tub.
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M N AR

1y Ready

B Section Designer - o X

File Edit View Define Draw Select Display Options Help

;S PRpppAl BE LS

X =-97.47Y =28.83 Kip,in,F v Done.

8. Generating plastic hinges for frame elements in SAP2000.

a.
b.

o

Define->Section Properties->Frame Sections
Select the desired cross section. Hinges will need to be made for the
Long(1-4)Out, Long(1-4)Int, FracOut, Fracint, Trans, and TransEnd.
Once selected, click Modify/Show Property->Section Designer
Once in the section designer select the Moment Curvature Curve tool.
In the Moment Curvature Curve window select Details.
i. Copy the moment curvature data to an Excel file.
ii. Select OK.
In the Moment Curvature Curve window change the Angle (deg) to 180
then select Details
i. Copy the moment curvature data to the same Excel file as
previous.
ii. Select OK.
Generate a Normalized Moment Curvature Diagram
i. Normalize the Moments by dividing each of the positive moments
by the maximum positive moment and the negative moment by
the maximum negative moment. And divide the curvatures by the
curvatures corresponding to the maximum and negative moments.
ii. Plot the normalized positive and negative moment curvatures on a
chart.
iii. Create a hinge moment curvature plot on the same chart with 4
positive moment points and 4 negative moment points without
generating a negative slope.
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A ] (4 [ E F G H | K L M N (-] 3 a R 5 T v v w
2 |positive

3 |concrete : Neutral A: steel strai Tendon St Concrete 1 Steel Com Steel Ten: Prestress Net FOrce Curvature Moment M c

4 [ [ 0 [ 0 0 0 [ 0 0 [ 0.00

5 |-6.426-04  -0.0653 9.56E-04 0 -B49.525 -71.5223 921.2336 0 01867 56261 0447034, 014

6 |-1.53E-03 14924 2.466-03 0 -1758 -130.476 1888.462 0 -0.0221 4666-05 111681 0.887505 0.36

7 |-z4%-03  a6917 4.70e-03 0 2119 -90.6898 7208.733 0 -5.01E-01 B.3%-05 121852 0.968332 0.64 i~ .
8 |-3.67603 62978 75203 0 2351 -110.929 2462.295 0 00725 0000131 125837 1 100 I
9 [-521603 64303 0.0108 0 2439 -154.905 2593.535 0 -0.0456 0.000186 121679 0.966957 143 5

10| 704603 64221  0.0145 0 2435 -209.435 2703.974 0 -0.4069 0.000252 115891 0852748 193

11917603 62943 0.0138 0 2537 -256.469 2793.547 0 -0.0143 0.000326 119168 0.547003 250

12| 00225 203633  0.0127 0 0 -1461 1460.759 0 00104 000041 82471 0.65538 314 opo

13| -0.0275 201838 0.0157 0 0 -1465 1465.611 0 01893 0.000503 82810 0.658074 3.35

4| 00329 189925  0.m9 0 0 1470 1470.333 0 02082 0.000606 83150 0.660775 a.64

15| -0.0393 204113 0.0222 0 0 1494 1493347 0 00502 0.000718 84541 0.671829 550

16| -0.0464 -20.368  0.0256 0 0 1533 1533.258 0 00173 0.000838 86803 0.689805 6.43

17| -0.0537 208742 0.0294 0 0 1590 159045 0 03643 0.00095 90046 0.715576 7.43

18| -0.0615 -21.0802  0.0336 0 0 -1653 1653.258 0 00119 0.001105 93606 0.743857 850

19 007 -ILBTT 0.0379 [ 0 -1718 1718.782 0 03503 0.001258 97263 0.772928 9.64

20| -0.0786 -211113  0.0428 0 0 -7 1771636 0 0748 0.001416 100205 0796308 10.85

21| -0.0875 -208117  0.0484 0 0 -1816 1816.259 0 0105 0.001584 102635 0816035 1214 -135 -3

22| -0.0973 -20837 00837 0 0 -1849 1849.515 0 01005 0.001761 104568 053038 1349 135 -5

23| 01077 -20877 00593 [ 0 -1883 1862613 0 0.0149 0.001948 106436 0545824 14.93 -1 -1

24 07 056

2 o 0

26 | Negative 0.97 064

27 |Concrete | Neutral A: Steel Stral Tendon St Concrete 1Steel ComSteel Ten: Prestress Net Force Curvature Moment 1 1

2 [ [ [ [ 0 0 0 [ 0 [ 0 [ 0.00 1 3

29-7.096-04 13306 4.99E-04 0 -341.349 -577.707 235.8451 0 -683.211 L866-05 35333 044896 -0.12 1 13

h.

Define Hinge Length
i. The hinge length is one half of the section depth.
1. Hingejong = 0.5 * (Deck thickness + haunch height +

top flange thickness + web height +
bottom flange thickness)
a. Hingeong = 30 in.
2. Hingegyq. = 0.5 x (Deck thickness + haunch height)
a. Hingepyqc = 61in.
3. Hinger,qns = 0.5 x (Deck thickness)
a. Hinger,qans = 4 in.
Making the plastic hinge in SAP200.
i. Select Define->Section Properties-> Hinge Properties->Add New
Properties

ii. Inthe Type window select moment curvature and input the
corresponding correct Hinge Length.

iii. In the Moment Curvature table insert the 4 positive and 4 negative
normalized moment curvatures and the zero point.

iv. Uncheck the symmetric box and select the Is Extrapolated option
in the “Load Carrying Capacity beyond Point E” window.

V. In the “Scaling for Moment and Curvature” window insert the
maximum positive moment and corresponding curvature as well
as the maximum negative curvature and corresponding curvature.

vi. In the Acceptance Criteria use the values 1,2, and 3 for Immediate
Occupancy, Life Safety, and Collapse Prevention in the positive
column and -1, -2, and -3 for the negative column.

vii. Repeat for all remaining Frame Sections (Long(1-4)Out, Long(1-
4)Int, FracOut, FracInt, Trans, and TransEnd)

385



Edit

Displacement Control Parameters

:x: Frame Hinge Property Data for L1OUT - Moment M3

Type

Point Moment/SF Curvature/SF [l O Moment - Rotation
- -1.28 35 @) Moment - Curvature
o DR = Hinge Lengt
c- -1, -1.
Relative Length
- o 06 P! = g
A 0. 0. o—c Hysteresis Type And Parameters
0.97 064

Lead Carrying Capacity Beyond Peint E
O Drops To Zero
@ Is Extrapolated

Scaling for Moment and Curvature

[ use Yield Moment Moment SF

[] Use Yield Curvature  Curvature SF
(Steel Objects Only)

Acceptance Criteria (Plastic Curvature/SF)
- Immediate Occupancy

Life Safety

Collapse Prevention

Positive

[ symmetric

MNegative

[125837. |

[7esss.

[1305e0¢ |

5390605

Megative

Hysteresis Type Isotropic ~

MNo Parameters Are Required For This
Hysteresis Type

Cancel

|:| Show Acceptance Criteria on Plot

9. Assign Frame Members to Grid.

a.
b.
C.

Select the Draw tab->Quick Draw Frame/Cable/Tendon

In the Section drop down menu select Long1Out.

Then click on every grid segment on second to last longitudinal grids (B
& E) from transverse girds (1-15) and (28-41).

Change the Section to LonglInt and repeat step c but for the two interior
longitudinal grids (C & D).

In the Section drop down menu select Long20ut.

Then click on every grid segment on second to last longitudinal grids (B
& E) from transverse girds (15-18) and (25-28).

Change the Section to Long2Int and repeat step e but for the two interior
longitudinal grids (C & D).

In the Section drop down menu select Long3Out.

Then click on every grid segment on second to last longitudinal grids (B
& E) from transverse girds (18-20) and (23-25).

Change the Section to Long3Int and repeat step i but for the two interior
longitudinal grids (C & D).

In the Section drop down menu select Long4Out.

Then click on every grid segment on second to last longitudinal grids (B
& E) from transverse girds (20-23).

. Change the Section to LongInt and repeat step | but for the two interior

longitudinal grids (C & D).
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n. Change the Section to TransEnd and repeat step ¢ but for the end
transvers grids (1 & 41).

0. Change the Section to Trans and repeat step ¢ but for all other transverse
grids (2 to 40).

Properties of Object

Line Object Type Straight Frame
Section Trans
Moment Releases Continucus
XY Plane Offset Normal 0.

10. Assign Hinges to Frame Elements
a. The Longitudinal Hinges are placed at the ends of the longitudinal frame
elements or at a relative distance of 0 and 1.

b. The Transvers hinges are placed at a distance of half a top flange width
away from the node.

. half flange width 18/2
i. Hinge Loc.p, p = 2y Slangewidth _ 4 _ 182 _ 7778
Element Width 40.5
.- . __ half flangewidth _ 18/2
. Hinge LoC.gtopandcton = Element Width 83

0.1084 and (1 — 0.1084) or 0.8916
half flange width _ 18/2

. Hinge Loc.ptoc = Element Width 113

0.0796) or 0.9204

iv. Hinge LoC.gioa=

= 0.0796 and (1 —

half flange \./vidth _ 18/2 — 0.2222
Element Width 40.5
c. In SAP2000 assign the hinges to corresponding frame elements.

i. Select the desired frame elements you wish to assign hinges to
such as Long1Out. (The elements will turn from blue to yellow).
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ii. In SAP2000 select the Assign tab->Frame->Hinges

1. From the drop down menu select Long1Out and set
relative distance to 0 and click ADD.

2. From the drop down menu select Long1Out and set
relative distance to 1 and click ADD.

3. Then click OK.

5 Assign Frame Hinges

x
Frame Hinge Assignment Data
Relative
Hinge Property Distance
LongOUT ~ |1
LongOUT | ol
LongOUT \ 1 Add Hinge... |
‘ Delete Hinge |

Current Hinge Information
Type: User Defined
DOF: Moment M3

Options
() Add Specified Hinge Assigns to Existing Hinge Assigns
@ Replace Existing Hinge Assigns with Specified Hinge Assigns

Existing Hinge Assignments on Currently Selected Frame Objects
Number of Selected Frame Cbjects: 32
Total Number of Hinges on All Selected Frame Objects: 0

| OK | ‘ Close ‘ | Apply |

iii. Repeat Step ii. for all other frame elements.

11. Assigning Loads to the Frame Elements
a. HS20 Wheel Axel Loads
i. HS20 Axel Loads will be placed at distances of 36 in., 108 in.,
180 in., and 252 in. from the outside of the curved edge.
ii. One line of the 16 kip axels will be placed at the 0.4L point of the
bridge or transverse grid 9 with the second line 14 feet away at
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transverse grid number 7. One line of 4 kip axels will be placed 14
feet away from the first line of axels at grid line 11.

In SAP2000 the loads have to be placed at a relative distance so
this value needs to be calculated.

1.
2.
3.

b. Lane Loads
Lane Loads are line loads of 0.640 kip/ft (0.05333 kip/in.)
centered at a distance of 96 in. and 240 in. from outside of the
curved edge.

These lane loads will be placed on the longitudinal frame
elements. They will be assigned to elements along the B, C, D,
and E longitudinal elements according to the appropriate tributary
distance.

1.

L1—36 __ 40.5-36

HS520pxe11 Loc (B-4) = L. 405 =0.1111
__ L1+L,—-108 _ 40.5+83-108 __
HSZOAxelZLoc (C-B) — L, = 83 = 0.1867
Li+L,+L3—180  40.5+83+113—180
HS20 N = =
Axel 3 Loc (D-C) L 113

0.5

HS204x¢1 4 Loc (E-D) —
40.5+83+113483-252 _ 1 o144

Li+Ly+Ls+Ly—252
Ly -

83

Li+L,—96

LanelLoadg = ( ) * laneload = (

0.05333 = 0.017671 2.
LanelLoad; = laneload — laneloadg = 0.05333 —
0.017671 = 0.035663 ki%.

Li+Ly+L3+Ls—240
LaneLoadp = ( e

Ly
(40.5+83+113+83—240

= ) +0.05333 = 0.051084 2.
LanelLoadp = laneload — laneloadp = 0.05333 —
0.051084 = 0.002249 X

40.5+83—96)
—_—) %

2 83

) x laneload =

kip

in’

c. In SAP2000 the load patterns must be first be defined.
Select the Define tab->Load Patterns.

1.

Under the Load Pattern Name ender HS20_1 and change
the type in the drop down menu to Live. The self-weight
multiplier should be set to 0. Then click Add New Load
Pattern.

Under the Load Pattern Name ender LaneLoadl and
change the type in the drop down menu to Live. The self-
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weight multiplier should be set to 0. Then click Add New
Load Pattern.
3. Then click OK.

Load Patterns. Click To

Self Weight Auto Lateral
Load Pattern Name Type Wultiplier Load Pattern Add New Load Pattern

+ Delete Load Pattern
[ Show Load Pattern Notes...

Cancel

ii. Assigning the HS20 wheel loads in SAP2000.

1. Select the exterior transverse element of grid line 9 and 7.

2. Click Assign->Frame Loads->Point

3. From the Load Pattern drop down menu select HS20 and
verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

4. In column 1 enter a Relative Distance of 0 (HS20 Axel 1
Loc. B-A) and Load of 16 kips.

5. Click OK.

6. Repeat for grid line 11 to assign the 4 kip load.

7. Repeat Steps 1-6 for HS20 Axel 2,3,4 Loc. C-B, D-C, and
E-D.

iii. Assigning the Lane Load in SAP2000.
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1. Select all exterior longitudinal frame elements along grid
line B.

2. Click Assign->Frame Loads->Distributed

3. From the Load Pattern drop down menu select Lane Load
and verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

4. Inthe Uniform Load box enter 0.016124 (Lane Load B).

Click OK.

o

6. Repeat Steps 1-5 for all of the longitudinal elements along
gridlines C, D, and E.

12. Defining Load Cases
a. The Load Case being used to determine redundancy is 1.25DL +
1.75(LL + IM). Where DL=Dead Load, LL= Live Load, and IM= Impact
Load. When substituting in the HS20 truck load and the Lane Load the
preceding equation reduces to 1.25DL + 1.75LaneLoad + 2.33HS20
b. Generating Load Cases in SAP2000.

i

ii.
iii.
iv.

V.

Vi.

Click Define->Load Cases->Add New Load Case

In the Load Case Name Panel name the load case “LC1 17

In the Analysis Type select “Non-Linear”

For the LC1_1 Load Case in the Stiffness to use panel select
“Zero Initial Conditions”

In the Loads Applied panel leave the Load Type “Load Pattern”
in the drop down Load Name menu select DEAD and change the
Scale Factor to 1.25. Click Add. Change the Load Name menu
select HS20 and change the Scale Factor to 2.33. Click ADD.
Change the Load Name menu select Lane Load and change the
Scale Factor to 1.75. Click ADD.

In the Other Parameters panel in the Results Saved section click
Modify/Show.
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Vii.

Viii.
iX.

In the Results Saved for Nonlinear Static Load Cases window
change the Results Saved to Multiple States and in the For Each
Stage panel change the Minimum Number of Saved Steps and the
Maximum Number of Saved Steps to 20. Click OK.

Then Click the OK on the Load Case Data Window.

Repeat Steps i.-viii. to create an LC2_1, LC3 1, and LC4_1.
However, in the Initial Conditions Window select Continue from
State at End of Nonlinear Case and from the drop down menu
select the preceding load case. (For LC2_1 the Nonlinear Case
LC1_1 would be selected).

B¢ Load Case Data -

Load Case Name

Monlinear Static

Notes Load Case Type

[Leis

Set Def Name Modify/Show... Static ~ || Design...

Initial Conditions

Modal Load Case
All Modal Loads.

Loads Applied
Load Type
Load Pattern

Load Pattern
Load Pattern

(® Zero Initial Conditions - Start from Unstressed State

() Continue from State at End of Nonlinear Case

Load Pattern DEAD

Analysis Type
(O Linear

(® MNoninear

(O MNoniinear Staged Construction

Geometric Nonlinearity Parameters
(® None

() P-Delta

(O P-Detta plus Large Displacements.

Applied Use Modes from Case WODAL

~ | DEAD Mass Source

Previous.
HS20_1
LaneLead1

Other Parameters.

Load Application

Cancel

Full Load Modify/Show.

Multiple States. Modify/Show..

Default Modify/Show.

13. Defining End Supports
a. The elastomeric bearing pad for each girder have lateral stiffness of 12

Kip/in. and a vertical stiffness of 6100 Kkip/in. Since the tub girders are
divided in half, the lateral stiffness will be 6 kip/in. and the vertical
stiffness will be 3050 Kip/in.

b. Assigning spring supports in SAP2000.

i. Select the 12 nodes, 8 at the very end of the longitudinal
members, 4 at the location of the pier.

Click Assign->Joint->Springs

In the Assign Joint Springs window in the Simple Springs
Stiffness panel enter 6 for Translation 1&2 and 3050 for
Translation 3.

Click OK.
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14. Defining Centerline Data Acquisition Points at Mid-Span of Girder

a.

b.
C.

Select the transverse frame elements between B&C as well as D&E at
0.4L (Gridline 9).

Click Edit->Edit Lines->Divide Frames

In the Divide into Specified Number of Frames window enter 2 for
Number of Frames.

Click OK.

15. Analyzing the Non-Fracture Structure for Dead Load Only

a.
b.

o

In SAP2000 click Analyze->Run Analysis
In the Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.
Select DEAD then click Run/Do Not Run Case until the Action is Run.
Then click Run Now. Let SAP2000 Run the Load Cases until the scree
says the Analysis is Complete.
Once the analysis is complete, select the spring reactions.
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f.

.
j.
k.
|

Click Display->Show Tables

In the Choose Table for Display window click the + symbol beside Joint
output and select the square box beside Reactions.

In the Output Options window in the Nonlinear Static Results panel select
Last Step.

Select and copy the information from the F3 column.

The sum of the F3 values is the dead load.

Then click Done.

Unlock the structure.

16. Analyzing the Non-Fractured Structure

a.
b.

> a@

I.
J-

In SAP2000 click Analyze->Run Analysis

In the Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.

Select LC1 1,LC2 1,LC3 1, and LC4_1 then click Run/Do Not Run
Case until the Action for all 4 is Run.

Then Click Run Now.

Let SAP2000 Run the Load Cases until the scree says the Analysis is
Complete.

Once the analysis is complete, select the data collection point on the
transverse member on the outside girder (C-B).

Click Display->Show Tables

In the Choose Table for Display window click the + symbol beside Joint
output and select the square box beside Displacements

Edit

50 MODEL DEFINTION (0 07 70 tables selected) i e
: Select Load Pafterns.
30f3 Selected
Load Cases (Resuts)
Select Load Cases...
40f 4 Selected

Hodify/Show Options.

(1 of 10 tables selected)
=8 Joint Output Options.

- Displacements Selection Only
(0] Reactions [0 show Unformatted
-] Joint Masses
0O Element Output
0 Structure Output

Named Sets

Save Named Set.

Table Formats Fil. Current Table Formats File: Program Defaul

Click the Modify/Show Options button.
In the Output Options window in the Nonlinear Static Results panel select
Step-by-Step.
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3 Output Options x

Base Reactions Location

owalx o [
O R |
S O

Nonlinear Static Results
() Envelopes.
(@ Step-by-Step

O Last Step In and Out of Phase

k. Click OK.

I. Select and copy the information from the Output Case, StepNum
Unitless, and the U3 in. column and paste them into an Excel worksheet.
These columns represent Load Case, Step Number, and Deflection for the
Outside Girder respectively.

File View Edit Format-Filter-Sort  Select  Options

Units: As Noted Joint Displacements ~

Fiter:
Joint outpyffase  CaseTy) StepType  Stepjffim ut u2 U3, R1 R2 R3 ~
Text Te Text Unitl in in in Radian Radians Radians

» Let NonStatic Step 0 0 0 0 0 0 0

103 Lct NonStatic Step 1 0.002545 7.7E-05 -0.087926 -2.881E-08 0.000189 5.324E-08
103 Lct NonStatic Step 2 0.00509 0000154 -0.175851 -5.363E-06 0.000338 1.065E-07

m. Then click Done.

n. Select the data collection point on the transverse member on the inside
girder (E-D) and repeat Steps g-l. However, on Step | there is no need to
copy Output Case, Step Num Unitless again.

0. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element B) and repeat Steps g-I.
This information goes into the Delta 4 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

p. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element C) and repeat Steps g-l.
This information goes into the Delta 3 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

g. Select the joint on the transverse member on the inside girder at
transverse element 9 (at longitudinal element D) and repeat Steps g-1.
This information goes into the Delta 2 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.
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r. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element E) and repeat Steps g-I. This
information goes into the Delta 1 column. However, on Step | there is no
need to copy Output Case, Step Num Unitless again.

A B c D E F

G H I J K L M \4 X Y y4 AL AB AC AD
1 Intact 0G-CL 1G-CL Point4 | Point3 Point2 | Point1 Applied oG 1G
Load Case |LoadStep| @ |Delta (in)| Chord (rad) | Delta(in) | Chordrad) |Delta (in) [Delta (in) |Delta (in) | Delta (in)|o 23 (rad) e 32 rad)| %23 | 0 (cat) [petta gin)| ™" |petta imy| SHOT [ @23 | a32
2 (kip) (deg) (deg) | (deg) | (deg)
3 L1 0 0 0| 0.00000 0| 0.00000| 0 0| 0| 0| 0 0| 0| 0.00] 0.00[ 0.00000] 0.00 0.00000 0 0
4 |LC1 1 0.05 -0.1037| 0.00015 -0.087926| 0.00013| -0.10541| -0.10129 -0.0942| -0.07905| 7.89E-05| 4.94E-05 66 0.05) 0.10[ 0.00861] 0.03| 0.00730| 0.004522| 0.002831
5 |LC1 2 0.1 -0.2074] 0.00030 -0.175851 0.00025| -0.21081| -0.20253| -0.18839| -0.15809| 0.000158| 9.88E-05 132] 0.10f 0.21] 0.01722] 0.18| 0.01460| 0.0039043| 0.005662

19. Once all of the data is collected unlock the model by selecting the Lock tool on
the left hand side of SAP2000 screen.

17. Analyzing the Fractured Structure

a. At Mid-Span along grid line 9, replace the hinges of the outside

longitudinal element (gridline B) with FracOUT hinges according to Step
10.

b. At Mid-Span, along gridline 9, replace the hinges of the first interior
longitudinal element (gridline C) with FraclInt hinges according to Step

< S
—
|
- 4aH2(LengINT) 43H2(LengINT) 23H1{LengOUT)
(-] el 07H2{ Trang]08H 1 Trans) G 108HP(Tead Q1 (Trans)
| I 42H1{LengINT) 24H1{LengBUT)
} (Lengln
b
— 1
|
- 9H1{LangSUT) 45H2(LenglNT)
118H1 Tl Trans) 151041( Tgadtkd H1(Trafeil 124
(o)) | ——li?
[ BHZ{LongOUT) 40H1(LangINT)
1
1
- BH1{LangOUT) A0H2(LangINT)
o0 | 116 H3{Trangli TH1{Trangi!1 TH2(Trangh1BH1 (Trans)  118HRITe
| } - TH2(LangOUT) 30H1(LangINT) 58H1(LongINT)

(LangBUT)
& 2 ans)
H2(LangBUT)
|
- | | | l

c. Repeat Step 15 for the Fractured Case and collect the data accordingly.
18. Post Processing of the Data

a. Inthe Excel Sheet the following values need to be calculated for each
step.
i. Omega (Q)
L0 =0+ ( ! )

# of Steps in Load case

ii. Longitudinal Chord Rotation of Interior and Exterior Girder
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)
1. Chord Rot.singie span = —1 * (o SCLL) (rad)
iii. Transverse Deck Roataion

L s = (555 - (52 g
2. @y = (252) = (£22) (rad)

S

3. Where s=spacing between the interior top flanges of the
inside and outside girders and w=spacing between the top
flanges of the same girder.

iv. Applied Load

1. Calculate unit applied load or applied load at 1 Q.

2. Unit Applied Loadgingie span = 1.25 *

Total Reactions from Dead Load Case + 2 * (2.33 *
HS?20 truck + 1.75 * Lane Load)
3. Applied Load = Unit Applied Load * (2
b. Repeat Step A for the Fractured Case.
c. Calculate the initial stiffness for intact bridge and instantaneous stiffness
for fractured bridge.
i. For the Non-Fractured condition (Intact Bridge) find the absolute
displacement for the Outside Girder at an Q value of 0.4.

0.4
1. Initial Stif fness =
ff Absolute Displacement 0G (at 2=0.4)

ii. For the Fractured case add an additional column labeled stiffness
Ni—0i_4
6;i=8i—1
d. Failure of the structure occurs at the Q of the Fractured Bridge at the first
of the following criteria.
i. The instantaneous stiffness for the fractured outside girder is less
than 5% of the initial stiffness of the intact outside girder.

ii. The chord angle of the outside girder for a simple spans or interior
spans is greater than 2°. The chord angle for exterior spans of
multi-span bridges is greater than 3°.

iii. The transverse deck rotation is greater than 5°.

e. On achart plot the Non-Fractured Outside and Inside Girder as well as
the Fractured Outside and Inside Girder with displacement on the primary
x axis and the Total Force on the primary y axis and € on the secondary
y-axis

19. Repeat Steps 11-18 for Span 2.

a. However, since Span 1 and Span 2 are both 140 feet long. No repletion

need.

1. Instantaneous Stif fnessoc_rrac. i =
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Grillage Analysis Example of Bridge 10

1. Gather Bridge Geometry and Material Information.

Bottom
Top Flange Web Flange Sec. Type
Loc. ft W
in Tin. | Win. | Tin. | Win. | Tin. | Sect. | Rebar
0-50 24 1.00 78 0.625 59 0.750 1 Reg.
50-98 24 1.00 78 0.625 59 1.250 2 Pier
98-131 24 2.00 78 0.75 59 2.000 3 Pier
131-181 24 3.00 78 0.875 59 2.000 4 Pier
181-230 24 1.00 78 0.875 59 1.250 5 Pier
230-247 24 1.00 78 0.75 59 1.000 6 Reg.
247-297 24 1.00 78 0.75 59 1.250 7 Reg.
297-330 24 1.00 78 0.75 59 1.000 8 Reg.
330-380 24 1.00 78 0.875 59 1.250 5 Pier
380-396 24 2.00 78 0.875 59 1.250 5 Pier
396-430 24 3.00 78 0.875 59 2.000 9 Pier
430-447 24 3.00 78 0.875 59 2.000 9 Pier
447-464 24 2.00 78 0.75 59 1.250 10 Pier
464-499 24 1.00 78 0.75 59 1.250 10 Pier
499-602 24 1.00 78 0.625 59 0.750 1 Reg.
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Location Parameter Description/Value
. Harris County,
Location IH fg
Year Designed/Year Built 1998/2002
Bridge | Design Load HS20
Length, ft 602.58
Spans, ft 148, 265, 189.58
Radius of Curvature, ft 716.2
Width, ft 30
Thickness, in. 8
Deck Haunch, in. 5
Rail Type T4(s)
# of Bar Longitudinal Top Row (#4) 42
# of Bar Longitudinal Bottom Row (#5) 32
# of Bar Longitudinal Top Row (#4)
@support 42
Rebar # of Bar Longitudinal Top Row (#5) 40
@support
# of Bar Longitudinal Bottom Row (#5)
@support 32
Transverse Spacing Top Row (#5), in. 6
Transverse Spacing Bottom Row (#5), in. 6
Grider CL of Bridge to CL of Girder (in.) 45
CL of Top Flange to CL of Top Flange (in.) 96

2. Material constitutive behavior
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Concrete (4 ksi) Rebar (60 Kksi) Steel (50 Ksi)
Stress Strain Stress Strain Stress Strain
(ksi) (1/in) (ksi) (1/in) (ksi) (1/in)
-4 -3.79E-03 -87.9 -0.095 -71.6 -0.1
-4 -3.56E-03 -87.9 -0.0944 -71.6 -0.097
-4 -2.69E-03 -86.6 -0.0761 -71.6 -0.095
-4 -1.78E-03 -78 -0.0386 -71.6 -0.0946
-3.8205 | -1.40E-03 -60.7 -9.80E-03 -70.3 -0.0764
-2.8718 | -8.69E-04 -60.3 -2.08E-03 -62.5 -0.039
-0.6403 | -1.78E-04 0 0 -50 -0.0196
0 0 60.3 2.08E-03 -50 -1.72E-03
0.378 1.06E-04 60.7 9.80E-03 0 0
0.378 1.16E-03 78 0.0386 50 1.72E-03
86.6 0.0761 50 0.0196
87.9 0.0944 62.5 0.039
87.9 0.095 70.3 0.0764
71.6 0.0946
71.6 0.095
71.6 0.097
71.6 0.1

3. Create a Coordinate system for half width of the span for each cross section. An
example of the first cross section is show below.

(-180,26)

(-170,26)

(-180,8)

(-170,8) (-93,8)

(0.8)

(-180,0)

(-93,0)

(-153,0) | | (-129,0)

(-153,-5) {-129,5) (-57,-5)
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(-57,0) | | (-33,0)

{-33,5)

(0,0)




(-153,5) (-129,5) (-57,-5) (-23,5)

[-153,-6) (-129,-6) (-57,6) (-33,-6)

(-141.3125,-5) (-140.6875,5) (-45.3125,6) (-14.6875,-6)
(-121.5,-84) {-120.875,-84) [-93,-84) [-65.125,-84) (64.5,-84)
L 1 1§
(-121.5,84.75) [-93,-84.75) [-70,-84.75)

4. Create a cylindrical coordinate system for the curved bridge assuring that the
middle transverse divisions are 7 ft, as this will aid is applying the HS20 truck
load whose axels are separated by 14 ft.

a. #of Segmentsyer span =
(Length (ft)x12

- ) rounded to nearest even number
84 in (7ft)

148%12

i #0f Segmentsspen 1 = (“or) = 21428 or 18

265%12

) — 37.857 or 36

) = 27.143 or 24

b. End Segment Length = ((Length * 12) — (# of Segments * 84))/2
_ ((148+12)—(18+84))

ii. #of Segmentsgyan, = (
190%12

ii. #of Segmentsspans = (

I. End Segment Lengthgspan 1 = 5 =132 in.
ii. End Segment Lengthgpg, » = ((265*12)2 (36:89) _ =78 in.
ili. End Segment Lengthgpgy 3 = ((190*12)2 @488) _ =132 in.
c. Theta Total Length
Radius
603

i. Theta = ey = = 0.84194 rad or 48.24 degrees

d. Determine the radial offsets using the outside edge, the outside flange, the
inner flange and centerline of the bridge.
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Offsets (in.
Edge 180
Qutside Flange 141
Inner Flange 45
CL of Bridge 0
Radial Spacing (in.)
A 8774.4 | CL+Edge
B 8735.4 | CL+OF
C 8639.4 | CL+IF
Center Line | 8594.4 | or 450 (ft)
D 8549.4 | CL-IF
E 8453.4 | CL-OF
F 8414.4 | CL-Edge

c. The Longitudinal or spacing along theta is determined by converting the
longitudinal segment lengths into degrees.

I. The segments vary in length. The total length is 603 ft or 7236 in.
Long.Spacing
Radius

ii. Radial Spacing (rad) =
iii. Radial Spacing (degree) = Radius Spacing (rad) * %

Long. | Radial | Radial
Spacing | Spacing | Spacing

(in) (rad.) (deg.)
0| 0.0000 0.000
132 | 0.0154 0.880
216 | 0.0251 1.440
300 | 0.0349 2.000
384 | 0.0447 2.560
468 | 0.0545 3.120
552 | 0.0642 3.680
636 | 0.0740 4.240
720 | 0.0838 4.800
804 | 0.0935 5.360
888 | 0.1033 5.920
972 | 0.1131 6.480
1056 | 0.1229 7.040
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Long. | Radial | Radial
Spacing | Spacing | Spacing
(in) (rad.) (deg.)
1140 | 0.1326 7.600
1224 | 0.1424 8.160
1308 | 0.1522 8.720
1392 | 0.1620 9.280
1476 | 0.1717 9.840
1560 | 0.1815| 10.400
1644 | 0.1913 | 10.960
1776 | 0.2066 | 11.840
1854 | 0.2157 | 12.360
1938 | 0.2255 | 12.920
2022 | 0.2353 | 13.480
2106 | 0.2450 | 14.040
2190 | 0.2548 | 14.600
2274 | 0.2646 | 15.160
2358 | 0.2744 | 15.720
2442 | 0.2841 | 16.280
2526 | 0.2939 | 16.840
2610 | 0.3037 | 17.400
2694 | 0.3135| 17.960
2778 | 0.3232 | 18.520
2862 | 0.3330 | 19.080
2946 | 0.3428 | 19.640
3030 | 0.3526 | 20.200
3114 | 0.3623 | 20.760
3198 | 0.3721 | 21.320
3282 | 0.3819 | 21.880
3366 | 0.3917 | 22.440
3450 | 0.4014 | 23.000
3534 | 0.4112 | 23.560
3618 | 0.4210 | 24.120
3702 | 0.4307 | 24.680
3786 | 0.4405| 25.240
3870 | 0.4503 | 25.800
3954 | 0.4601 | 26.360
4038 | 0.4698 | 26.920
4122 | 0.4796 | 27.480
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Long. | Radial | Radial
Spacing | Spacing | Spacing
(in) (rad.) (deg.)
4206 | 0.4894 | 28.040
4290 | 0.4992 | 28.600
4374 | 0.5089 | 29.160
4458 | 0.5187 | 29.720
4542 | 0.5285 | 30.280
4626 | 0.5383 | 30.840
4710 | 0.5480 | 31.400
4794 | 0.5578 | 31.960
4878 | 0.5676 | 32.520
4956 | 0.5767 | 33.040
5088 | 0.5920 | 33.920
5172 | 0.6018 | 34.480
5256 | 0.6116 | 35.040
5340 | 0.6213 | 35.600
5424 | 0.6311 | 36.160
5508 | 0.6409 | 36.720
5592 | 0.6507 | 37.280
5676 | 0.6604 | 37.840
5760 | 0.6702 | 38.400
5844 | 0.6800 | 38.960
5928 | 0.6898 | 39.520
6012 | 0.6995 | 40.080
6096 | 0.7093 | 40.640
6180 | 0.7191 | 41.200
6264 | 0.7288 | 41.760
6348 | 0.7386 | 42.320
6432 | 0.7484 | 42.880
6516 | 0.7582 | 43.440
6600 | 0.7679 | 44.000
6684 | 0.7777 | 44.560
6768 | 0.7875| 45.120
6852 | 0.7973 | 45.680
6936 | 0.8070 | 46.240
7020 | 0.8168 | 46.800
7104 | 0.8266 | 47.360
7236 | 0.8419 | 48.240
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iv. Int.Transverse Element width = 84 in.

V. End Transverse Element = 132 — (%) =90 in.

Vi. Peir Tansvers Element = 132 + 78 — 84 = 126 in.

5. Inputting the coordinate system into SAP2000

a.

Select File -> New Model -> Blank model (making sure units are in Kips
and inches)
Right click on the blank workspace and select Edit Grid Data->
Modify/Show System->Quick Start->Cylindrical.
I. In the Number of Grid Lines panel set “Along Z=1"
ii. In the Grid Spacing panel set “Along Z=1"
iii. Select OK.
iv. Delete all R and T Coordinates that were generated
Add correct coordinates for R
i. All radial coordinates (A, B, C, D, E, and F).
Add correct coordinates for T
i. All theta coordinates for T (0 to 7236 in.)
ii. Click OK
The Grid System in now formed.

34 Define Grid System Data x
Grid Lines.
System Name GLOBAL Quick Start.
R Grid
Grid ID Ordinate (in} Line Type Visible Bubble Loc Grid Color
84144 Pmary Vs ed N | s
E 84534 Primary Yes ed
0 8549.4 Frimary Yes EI 0 (e
c 8639.4 Primary Yes ed
B 8735.4 Frimary Yes ed
A 87744 Primary Yes d [
Display Grids as.
TGrid
® ordinates O Spacing
Grid D Angle (deg) LineTyps  Visble  Bubbleloc  Grid Color A
v oy e oo N [ e
2 088 Primary Yes Bd [ Hige Al Grid Lines
" Delete
3 14 Primary Yes e
4 2 Primary Yes ed [N
256 Primary Yes e [ Bubble Size
B 312 Primary Yes ed [
nen - ae P |
Z Grid Data Reset to Default Color
Grid ID Ordinate (in) Line Type Visible Bubble Loc e —
e 0 Primary Yes End Add
Delete

Cancel
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6. Defining Material in SAP200

a.

Click Define-> Materials->Add New Material->Material Type (Steel,
Concrete, or Rebar)->Standard (User)->0K

At the bottom of the window select the box which states “Switch to
Advanced Properties”

In the open window name the material “Concrete” “Steel” or “Rebar”
depending on which material is being defined. Then click “Modify/Show
Material Properties”

On the Material Property Data window click “Nonlinear Material Data”
icon.

In the Nonlinear Material Data window select the “Convert to User
Defined” icon.

Input the number of number of data points for the stress strain behavior
(10 for concrete, 13 for rebar, 17 for steel)
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g. Input the data points for the stress strain behavior.

h. Select “OK”

i. Repeat this process again for the remaining materials.
1" ;d\t

Concrete Concrete

Hysteresiz Type Drucker-Prager Parameters Units

I
Takeda (v Friction Angle Kip, in, F ~
Diatational Angle

Stress-Strain Curve Definition Options
O Parametric
@ User Defined

User Stress-Strain Curve Data

Number of Points in Stress-Strain Curve

fl Strain Stress Point I

1 -3.7T90E-03 -4. -E

2 -3.560E-03 -4

3 -2.880E-03 -4

4 -1.780E-03 -4 -C e

5 -1 400E-03 -3.8205
{ ] -5.680E-04 -2.8718

7 -1.780E-04 -0.6403

8 0. 0 A Order Rows

9 1.080E-04 0.378 B

10| 1.180E-03 0378 E

OK Cancel

7. Defining Frame Cross Sections in SAP2000.

a. Click Define->Section Properties->Frame Sections->Add New Properties

b. In the Frame Section Properties Drop down box select “Other” and click
Section Designer. In the SD Section Designer Window name the section
B5Longl click the “Section Designer” Icon.

c. Using the Polygon feature draw the features of the half width of the
bridge from Step 3. This includes: one rail, two concrete deck pieces, to
concrete haunches, two top flanges, two webs, and two pieces of the
bottom flange.

i. To change material types for the polygons right click on the
polygon and select the desired material type from the material
drop down menu.

ii. To change the coordinates of the polygon’s nodes use the
Reshaper too to change the coordinates.

d. Add in the longitudinal rebar to both concrete deck elements by using the
Line Bar from the Draw Reinforcing Shape tool. From the design
drawings it can be determined that there are 10 #4 top bars and 7 #5
bottom bars in the outer concrete deck element and 11 #4 top bars and 9
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#5 bottom bars in the inner concrete element. At the pier supports 10
additional #5 top bars are added to the top of the outer concrete deck and
10 additional #5 top bars are added to the inner concrete deck. With a 2
inch top cover and transvers reinforcement the top bars are located at
5.0625 inches and with a 1.25 inch bottom cover and transverse
reinforcement are located at 2.1875.

e. Click Done (Below is an example of the 1% cross section).

B Section Designer
Fle Edit View Define Draw Select Display Options Help

/S PP e PALM BE LS

Al

N AQBE -

Ready X=29.42Y =62.32 Kp,nF v Done.

f. Repeat this process for the remaining longitudinal elements.
g. Repeat the process for the transverse elements.
i. At the SD Section Designer Window select Modifiers and set
Mass and Weight to 0, as to not double count the dead weight.
ii. The interior transverse members are 84 inches wide (end members
are 90 in. wide and pier members are 126 in.) with #5 rebar at 5
inch spacing at 5.6875 in. and 1.5625 in.
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€ Section Designer
File Edit View Defne Draw Select Display Options Help

Dol fd pePpeEAN B LS

=[]

MM A g e

ECDEE

Tt X x|

X=80.47Y =7.71 Kip,in,F ~ Done

h. To generate and exterior longitudinal member and an interior longitudinal
member. Make two copies of the B10Long1.1 section. Label one

Long1Out and on LonglInt.
i. For the L1.10ut delete every element right of the centerline.

3 Section Designer - o *

Fie Edit View DOefine Draw Select Display Options  Help

4 pREAPRPH BE LS

||

~\NAgEBA-

5]

ii. Forthe L1.1Int delete every element left of the centerline.
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BE SNNAQBE- ##

X

4y Ready X 28697 =830 KpnF Done

M{ Section Designer
Fie £t View Define Draw Seleq Display Options Help
) ppRpARPN mBLE

BH- A7

B owMadag

=

y

.

iii. Repeat this process for all cross sections.
To generate a simulated fracture section make copies of Long1Out and
Longlint.
i. The reason Long1Out and LonglInt are chosen for the fractured
section is because the fracture occurs at 0.4*L or 710 inches.
Which from the radial spacing table L1.1 is the section used at
710 in.
ii. Name the copy of L1.10ut Fracintl.1.
1. Delete the bottom flange, web, and top flange of the steel
tub.

le Edt View Define Draw Select Display Options Help

/s pppepLl BH LS

iii. Name the copy of L1.1Int to FracInt1.1.
1. Delete the bottom flange, web, and top flange of the steel
tub.
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3 section Designer

File

Al 5

AN AdPE e

[+ 2o ED

Edit View Define Draw Select Display Options Help

el P eRPLN BL LS

8. Generating plastic hinges for frame elements in SAP2000.

a.
b.

o

Define->Section Properties->Frame Sections
Select the desired cross section. Hinges will need to be made for all of the
necessary cross sections.
Once selected, click Modify/Show Property->Section Designer
Once in the section designer select the Moment Curvature Curve tool.
In the Moment Curvature Curve window select Details.
i. Copy the moment curvature data to an Excel file.
ii. Select OK.
In the Moment Curvature Curve window change the Angle (deg) to 180
then select Details
i. Copy the moment curvature data to the same Excel file as
previous.
ii. Select OK.
Generate a Normalized Moment Curvature Diagram
i. Normalize the Moments by dividing each of the positive moments
by the maximum positive moment and the negative moment by
the maximum negative moment. And divide the curvatures by the
curvatures corresponding to the maximum and negative moments.
ii. Plot the normalized positive and negative moment curvatures on a
chart.
iii. Create a hinge moment curvature plot on the same chart with 4
positive moment points and 4 negative moment points without
generating a negative slope.
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& € o e £ G H ' 3 [ L M N o v a R s T u
2 [post
3 |Concrete {Neutral A:Steel StraiTendon St Concrete (Steel Corr Steel TenPrestress Net Force Curvature Moment " c
4 o o o ) 0 o o oo
5 |-58E08 0202 95404 0 1023 -134.148 1157457 0 09 L9 92327 ca2m 0aa
6 |-L39E03 L8021 246603 0 a2 27572 2460.218 0 0539 347605 1seea2 086863 036
7|-220603 65568 472603 0 279 25887 2968070 0 431602 6.E05 210140 0965704 064 ™~ e
8 -3IGE03  9.2408 T.60E-03 0 302 -189.735 31643 0 00135 9TIE0S 217603 1 Loo -l
9 | -4.38E-03 10.2529 0.011 0 -3170 -162.774 3332.986 a 0.022 0.000139 216988 0.997174 143 05
10|-551E03 102344 14sED2 o 3182 220373 33372 0 04763 0000187 213033 oarss 183
11 77103 10,0496 152602 0 3122 -281.487 3403.438 0 -0.0672 0000243 210855 0966989 250
12 0.0198 -22.9408 0.014 0 0 1854 1854.169 o 0.0301 0.000305 148132 0.680744 3.14 opo
13| 00z 22819  0.0173 o 0 -1E8 1858773 0 03035 0000375 14gsss oz 186
14 0022 229175 0.0208 o 0 1871 1871122 0 0052 0000451 149608 0687527 464
15| 0.0M9 236182  0.0242 o 0 1906 1506531 0 01204 0000534 152481 07073 550
16 00 240453 0028 o 0 191 1960.493 0 -9.666-02 0000624 156827 002 643
17| 0087 24187 0.0323 o o 2034 2033797 0 00141 0000722 162696 oumE 743
18] 00546 243215 0.0369 o o -ams 2ms2m 0 0015 0000826 169211 0TI 650
19) -0.0618 -24.2485  0.0419 0 0 2189 2189.226 0 01694 0000837 175107 0804703 964
20| 0089 239243 0.0475 o o 2209 2209521 0 00233 0001055 179834 0826707 1085
21| 0or2 z3e1s 005 o o 207 20681 0 023 0oOUTY 188482 oEaTe0E 1218 136 S
22| -0.085% -13.727 0.0553 o -2351 2350.667 o 0.0432 0.001311 187939 0.863678 13.50 -1.36 -24
23| 00951 237901 0.0655 0 235 2394.726 0 0017 00015 151454 0EmmEIz 1453 1 1
2 07 056
2 o o
0966 064

2 ont 1 1

a o oo 1 3
20| 727600 165861 5.20604 0 374512 638732 3235235 0 7012 L3305 55713 042617 022 1 1

h.

Define Hinge Length
I. The hinge length is one half of the section depth.
1. Hingejong = 0.5 * (Deck thickness + haunch height +

top flange thickness + web height +
bottom flange thickness)
a. Hinge;pngy = 45 in.
2. Hingeg,q. = 0.5 x (Deck thickness + haunch height)
a. Hingepyqc =7 in.
3. Hinger,rqns = 0.5 x (Deck thickness)
a. Hingerrqans = 4 in.
Making the plastic hinge in SAP200.

i. Select Define->Section Properties-> Hinge Properties->Add New
Properties

ii. Inthe Type window select moment curvature and input the
corresponding correct Hinge Length.

iii. In the Moment Curvature table insert the 4 positive and 4 negative
normalized moment curvatures and the zero point.

iv. Uncheck the symmetric box and select the Is Extrapolated option
in the “Load Carrying Capacity beyond Point E” window.

V. In the “Scaling for Moment and Curvature” window insert the
maximum positive moment and corresponding curvature as well
as the maximum negative curvature and corresponding curvature.

vi. Inthe Acceptance Criteria use the values 1,2, and 3 for Immediate
Occupancy, Life Safety, and Collapse Prevention in the positive
column and -1, -2, and -3 for the negative column.

vii. Repeat for all remaining Frame Sections.
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){ Frame Hinge Property Data for L1.10UT - Moment M3 *
Edit
Displacement Control Parameters
Type
Point Moment'SF Curvature/SF fal O Moment - Rotation
- -1.28 35 (®) Moment - Curvature
| Do 136 24, Hinge Length 45.
C- -1. -1.
Relative Length
T 2% J o o
A 0 0. —ct Hysteresis Type And Parameters
B 0.966 0.64
C 1 1. Hysteresis Type Isotropic. ~
[1 Symmetric
- 1 3. v No Parameters Are Reguired For This
E] 4 Hysteresis Type

Load Carrying Capacity Beyond Point E

O Drops To Zero

(@ Is Extrapolated
Scaling for Mement and Curvature

Positive Negative
[] Use Vield Moment  MomentSF  [217603 | [120128 |
[] Use Yield Curvature  Curvature SF [9710E-05 | [6240E-05 |
(Steel Objects Only)
Acceptance Criteria (Plastic Curvature/SF)
Positive Negative
- Immediate Occupancy |1. | ‘_1 ‘
Life Safety [z [ | Cancel

- Collapse Prevention |3. | ‘-3 ‘

[] show Acceptance Criteria on Plot

9. Assign Frame Members to Grid.
a. Select the Draw tab->Quick Draw Frame/Cable/Tendon
b. In the Section drop down menu select the appropriate cross section and
click on the grid grillage grid member.
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10. Assign Hinges to Frame Elements
a. The Longitudinal Hinges are placed at the ends of the longitudinal frame
elements or at a relative distance of 0 and 1.
b. The Transvers hinges are placed at a distance of half a top flange width
away from the node.

half flange width 24/2
frlange width _ 4 _ 242 _ ) 923
Element Width

.. . half flange width 24/2
iIl. Hinge Loc. = = =
g EtoDandCtoB Element Width 9

0.125 and (1 — 0.125) or 0.875
half flange width _ 24/2
Element Width 90

l. Hlnge LOC.F toE =

iii. Hinge Loc.ptoc=
0.1333) or 0.8667

iv. Hinge LoC.gioa=

0.1333 and (1 —

half flange \./vidth _ 24/2 — 03077
Element Width 39
c. In SAP2000 assign the hinges to corresponding frame elements.
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i. Select the desired frame elements you wish to assign hinges to
such as Long1Out. (The elements will turn from blue to yellow).
ii. In SAP2000 select the Assign tab->Frame->Hinges
1. From the drop down menu select Long1Out and set
relative distance to 0 and click ADD.
2. From the drop down menu select Long1Out and set
relative distance to 1 and click ADD.
3. Then click OK.

)_}_'.& Assign Frame Hinges

Frame Hinge Assignment Data

Relative
Hinge Property Distance
Auto v |0
L1.10UT 0]
L1.1out 1 Add Hinge...
| Delete Hinge |

Current Hinge Information

Neo hinge is currently selected

Options
(0 Add Specified Hinge Assigns to Existing Hinge Assigns
(®) Replace Existing Hinge Assigns with Specified Hinge Assigns
Existing Hinge Assignments on Currently Selected Frame Objects
Number of Selected Frame Objects: 1

Total Mumber of Hinges on All Selected Frame Objects: 2
All 2 existing hinge assignments will be removed when the above hinge assignment is applied

Fill Form with Hinges on Selected Frame Object

| OK | | Close | | Apply |

iii. Repeat Step ii. for all other frame elements.
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11. Assigning Loads to the Frame Elements
a. HS20 Wheel Axel Loads
i. HS20 Axel Loads will be placed at distances of 36 in., 108 in.,

180 in., and 252 in. from the outside of the curved edge.

ii. One line of the 16 kip axels will be placed at the 0.4L point of the
bridge or transverse grid 9 with the second line 14 feet away at
transverse grid number 7. One line of 4 kip axels will be placed 14
feet away from the first line of axels at grid line 11.

ii.  In SAP2000 the loads have to be placed at a relative distance so
this value needs to be calculated.

1. HS20ave1 1 10c (B-s) = LlL‘l% = 222 =0.0792

2 HSZOAxel 2 Loc (C—B) — L1+LLZZ—108 — 39+9966—108 — 0.2813

3. HSZOAxel 3 Loc (0—C) — L1+L2:§3—180 — 39+96;20—180 - 05

4. HS20pze14 oc (5-p) = Tt =
39+96+90+96—252 = 0.7188

90
b. Lane Loads

i. Lane Loads are line loads of 0.640 kip/ft (0.05333 kip/in.)
centered at a distance of 96 in. and 240 in. from outside of the
curved edge.

ii. These lane loads will be placed on the longitudinal frame
elements. They will be assigned to elements along the B, C, D,
and E longitudinal elements according to the appropriate tributary
distance.
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L1+L;—96

1. LanelLoadp = (

) * laneload = ( >

kip

39+96—96)
*
2

0.05333 = 0.021667 -

2. Laneload; = laneload — laneloadp = 0.05333 —
0.021667 = 0.031667 -,
3. Laneload) = (L1+L2+L3+L4_240
Ly
(39+96+99°6+96‘24°) % 0.05333 = 0.045 %2,
mn

4. Laneloadg = laneload — laneload, = 0.05333 —
0.045 = 0.00833=Z.

c. In SAP2000 the load patterns must be first be defined.
i. Select the Define tab->Load Patterns.

1. Under the Load Pattern Name ender HS20 1 and change
the type in the drop down menu to Live. The self-weight
multiplier should be set to 0. Then click Add New Load
Pattern.

2. Under the Load Pattern Name ender LaneLoadl and
change the type in the drop down menu to Live. The self-
weight multiplier should be set to 0. Then click Add New
Load Pattern.

3. Then click OK.

) * laneload =

€ Define Load Patterns X

Load Patterns. Click To

Self Weight Auto Lateral
Load Pattern Name Type Multiplier Load Pattern BT T e

+ Delete Load Pattern
[ Show Load Pattern Notes...

Cancel

ii. Assigning the HS20 wheel loads in SAP2000.

1. Select the exterior transverse element of grid line 9 and 7.

2. Click Assign->Frame Loads->Point

3. From the Load Pattern drop down menu select HS20 and
verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

4. In column 1 enter a Relative Distance of 0 (HS20 Axel 1
Loc. B-A) and Load of 16 kips.

5. Click OK.
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6. Repeat for grid line 11 to assign the 4 kip load.
7. Repeat Steps 1-6 for HS20 Axel 2,3,4 Loc. C-B, D-C, and
E-D.

iii. Assigning the Lane Load in SAP2000.

1. Select all exterior longitudinal frame elements along grid
line B.

2. Click Assign->Frame Loads->Distributed

3. From the Load Pattern drop down menu select Lane Load
and verify that the Coordinate System is set to Global, the
Load Direction is Gravity, and the Load Type is Force.

4. Inthe Uniform Load box enter 0.021667 (Lane Load B).

5. Click OK.

6. Repeat Steps 1-5 for all of the longitudinal elements along
gridlines C, D, and E.

12. Defining Load Cases
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a. The Load Case being used to determine redundancy is 1.25DL +
1.75(LL + IM). Where DL=Dead Load, LL= Live Load, and IM= Impact
Load. When substituting in the HS20 truck load and the Lane Load the
preceding equation reduces to 1.25DL + 1.75LaneLoad + 2.33HS20

b. Generating Load Cases in SAP2000.

i. Click Define->Load Cases->Add New Load Case

ii. Inthe Load Case Name Panel name the load case “LC1_1”

iii. In the Analysis Type select “Non-Linear”

iv. Forthe LC1 1 Load Case in the Stiffness to use panel select
“Zero Initial Conditions”

V. Inthe Loads Applied panel leave the Load Type “Load Pattern”
in the drop down Load Name menu select DEAD and change the
Scale Factor to 1.25. Click Add. Change the Load Name menu
select HS20 and change the Scale Factor to 2.33. Click ADD.
Change the Load Name menu select Lane Load and change the
Scale Factor to 1.75. Click ADD.

vi. In the Other Parameters panel in the Results Saved section click
Modify/Show.

vii. In the Results Saved for Nonlinear Static Load Cases window
change the Results Saved to Multiple States and in the For Each
Stage panel change the Minimum Number of Saved Steps and the
Maximum Number of Saved Steps to 20. Click OK.

viii. Then Click the OK on the Load Case Data Window.

iX. Repeat Steps i.-viii. to create an LC2_1, LC3_1,and LC4_1.
However, in the Initial Conditions Window select Continue from
State at End of Nonlinear Case and from the drop down menu
select the preceding load case. (For LC2_1 the Nonlinear Case
LC1_1 would be selected).

X. Repeat Step ix. to create LC(1-4)_2 for Span 2 and LC(1-4)_3 for
Span 3.
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13 Load Case Data - Nonlinear Static *

Load Case Nams Notes Load Cass Type

|LcU Set Def Name Modify/Show. Static + || Design
Initial Conditions Analysis Type

(® Zero Initial Conditions - Start from Unstressed State () Linear

(C) Continue from State at End of Nonlinear Case (® Moninear

() Moniinear Staged Construction

Modal Load Case Geometric Nonlinearity Parameters
All Modal Loads Applied Use Medes from Case KODAL ~ (® Mene
() P-Delta

Loads Applied
(O P-Delta plus Large Displacements

Load Type Load Name Scale Factor
Load Pattern + | DEAD E Mass Source
Load Pattern DEAD Add Previous ~
Load Pattern HS20_1 233
Load Pattern LanelLoad1 175
Wodify
Delete
Qther Parameters
Load Application Full Load Modify/Show.
Results Saved Muttiple States Modify/Show. Cancel
Monlinear Parameters. Default Modify/Show...

13. Defining End Supports
a. The elastomeric bearing pad for each girder have lateral stiffness of 12
kip/in. and a vertical stiffness of 6100 Kip/in. Since the tub girders are
divided in half, the lateral stiffness will be 6 kip/in. and the vertical
stiffness will be 3050 Kip/in.
b. Assigning spring supports in SAP2000.
i. Select the 16 nodes, 8 at the very end of the longitudinal
members, 8 at the location of the piers.
ii. Click Assign->Joint->Springs
iii. In the Assign Joint Springs window in the Simple Springs
Stiffness panel enter 6 for Translation 1&2 and 3050 for
Translation 3.
iv. Click OK.
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14. Defining Centerline Data Acquisition Points at Mid-Span of Girder
a. Select the transverse frame elements between B&C as well as D&E at
0.4L (Gridline 9).
b. Click Edit->Edit Lines->Divide Frames
c. Inthe Divide into Specified Number of Frames window enter 2 for
Number of Frames.
d. Click OK.

422



Point

15. Analyzing the Non-Fracture Structure for Dead Load Only
a. In SAP2000 click Analyze->Run Analysis
b. Inthe Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.
Select DEAD then click Run/Do Not Run Case until the Action is Run.
d. Then click Run Now. Let SAP2000 Run the Load Cases until the scree
says the Analysis is Complete.
e. Once the analysis is complete, select the spring reactions.
f.  Click Display->Show Tables
g. Inthe Choose Table for Display window click the + symbol beside Joint
output and select the square box beside Reactions.
h. In the Output Options window in the Nonlinear Static Results panel select
Last Step.
i. Select and copy the information from the F3 column.
J. The sum of the F3 values is the dead load.
k. Then click Done.
I.  Unlock the structure.
16. Analyzing the Non-Fractured Structure
a. In SAP2000 click Analyze->Run Analysis
b. Inthe Set Load Cases to Run window click the Run/Do Not Run All
button until every Action is Do Not Run.
c. SelectLC1 1,LC2 1,LC3 1, and LC4 1 then click Run/Do Not Run
Case until the Action for all 4 is Run.
d. Then Click Run Now.
e. Let SAP2000 Run the Load Cases until the scree says the Analysis is
Complete.

o
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f. Once the analysis is complete, select the data collection point on the
transverse member on the outside girder (C-B).

> @

Click Display->Show Tables
In the Choose Table for Display window click the + symbol beside Joint

output and select the square box beside Displacements

Edit

&[] MODEL DEFINTION (0 of 70 tables selected)

ut
O Structure Output

Load Patterns (Model Def )
Select Load Patiems.
3073 Selected
Load Cases (Resulls)
Select Load Cases...

4074 Selected

Hodify/Show Options.

Options

Selection Only
O show Unformatted

Named Sets

Save Named Set.

Table Formats Fil. Current Table Formats File: Program Defaul

i. Click the Modify/Show Options button.

J. Inthe Output Options window in the Nonlinear Static Results panel select
Step-by-Step.
3¢ Output Options s
E;h:ayrj:::: Results
(® Step-by-Step
O Laststep In and Dut of Phase
cancel
k. Click OK.
l.

Select and copy the information from the Output Case, StepNum

Unitless, and the U3 in. column and paste them into an Excel worksheet.
These columns represent Load Case, Step Number, and Deflection for the
Outside Girder respectively.
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€ Joint Displacements - m} x
File View Edit Format-FilterSort Sclect  Options

Units: As Noted Joint Displacements. ~

Fitter:
Joint OutputCase Y CaseType  StepTy] StepNum u1 u2 u3 R1 R2 R3 ~
Text Text Text Unitless in in in Radians Radians Radians

» LC1 NonStatic Step 0 0 0 0 0 0 0

103 Let HonStatic Step 1 0.002545 7.7E-05 -0.087928 | -2.831E-08 0.000189 5.324E-08

102 Lct NonStatic Step 2 0.00509 0.000154 -0.175851 -5.363E-06 0.000338 1.065E-07

m. Then click Done.

n. Select the data collection point on the transverse member on the inside
girder (E-D) and repeat Steps g-l. However, on Step | there is no need to
copy Output Case, Step Num Unitless again.

0. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element B) and repeat Steps g-I.
This information goes into the Delta 4 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

p. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element C) and repeat Steps g-I.
This information goes into the Delta 3 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

g. Select the joint on the transverse member on the inside girder at
transverse element 9 (at longitudinal element D) and repeat Steps g-1.
This information goes into the Delta 2 column. However, on Step | there
is no need to copy Output Case, Step Num Unitless again.

r. Select the joint on the transverse member on the outside girder at
transverse element 9 (at longitudinal element E) and repeat Steps g-I. This
information goes into the Delta 1 column. However, on Step | there is no
need to copy Output Case, Step Num Unitless again.

A B C D E F G H I J K L M \4 X Y y4 AL AB AC AD
1 Intact 0G-CL 1G-CL Point4 | Point3 Point2 | Point1 Applied oG 1G
Load Case | Load Step | 0 |Delta (in)| Chord (rad) | Delta(in) | Chord (rad) |Delt (in)|Delta (in) |Delta (in) |Delta (in) e 23 (rad) | 32 rad)| "% | 0 (cat) |pettain)| ' |petta gimy| SPO | @2 | a32
2 (kip) (deg) (deg) | (deg) | (deg)
3 |Lc1 0 0 0| 0.00000 0| 0.00000| 0 0| 0| 0| 0 0| 0| 0.00] 0.00[ 0.00000| 0.00 0.00000 0 0
4 |LC1 1 0.05 -0.1037| 0.00015 -0.087926| 0.00013| -0.10541| -0.10129 -0.0942| -0.07905| 7.89E-05| 4.94E-05 66 0.05) 0.10[ 0.00861] 0.03| 0.00730| 0.004522| 0.002831
5 |LC1 2 0.1 -0.2074] 0.00030 -0.175851 0.00025| -0.21081| -0.20253| -0.18839| -0.15809| 0.000158| 9.88E-05 132] 0.10f 0.21] 0.01722] 0.18| 0.01460| 0.0039043| 0.005662

20. Once all of the data is collected unlock the model by selecting the Lock tool on
the left hand side of SAP2000 screen.
17. Analyzing the Fractured Structure
a. At Mid-Span along grid line 9, replace the hinges of the outside
longitudinal element (gridline B) with FracOUT hinges according to Step
10.
b. At Mid-Span, along gridline 9, replace the hinges of the first interior
longitudinal element (gridline C) with FracInt hinges according to Step
10.
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c. Repeat Step 15 for the Fractured Case and collect the data accordingly.
18. Post Processing of the Data
a. Inthe Excel Sheet the following values need to be calculated for each
step.

i. Omega (Q2)
L0 =0+ ! )

# of Stepsin Load case

ii. Longitudinal Chord Rotation of Interior and Exterior Girder

1. Chord Rot.singie span = —1 * (—L-) (rad)
iii. Transverse Deck Roataion

Loy = (252) - (2 51) (rad)
2. y_3= (63_62) - ( " ) (rad)

S
3. Where s=spacing between the interior top flanges of the

inside and outside girders and w=spacing between the top
flanges of the same girder.
iv. Applied Load
1. Calculate unit applied load or applied load at 1 Q.
2. Unit Applied Loadgingie span = 1.25 *
Total Reactions from Dead Load Case + 2 * (2.33 *
HS20 truck + 1.75 * Lane Load)
3. Applied Load = Unit Applied Load * 12
b. Repeat Step A for the Fractured Case.
c. Calculate the initial stiffness for intact bridge and instantaneous stiffness
for fractured bridge.
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For the Non-Fractured condition (Intact Bridge) find the absolute
displacement for the Outside Girder at an Q value of 0.4.

L . 0.4
1. Initial Stif fness = ,
Absolute Displacement 0G (at 2=0.4)

For the Fractured case add an additional column labeled stiffness
02i—02i_4
§i—6i—1

1. Instantaneous Stif fnesSpc_rrac. i =

d. Failure of the structure occurs at the Q of the Fractured Bridge at the first
of the following criteria.

The instantaneous stiffness for the fractured outside girder is less
than 5% of the initial stiffness of the intact outside girder.

The chord angle of the outside girder for a simple spans or interior
spans is greater than 2°. The chord angle for exterior spans of
multi-span bridges is greater than 3°.

The transverse deck rotation is greater than 5°.

e. On achart plot the Non-Fractured Outside and Inside Girder as well as
the Fractured Outside and Inside Girder with displacement on the primary
x axis and the Total Force on the primary y axis and  on the secondary

y-axis

19. Repeat Steps 11-18 for Span 2 and 3. (Span 1 is pictured below)

Total Load, P (kips)
w
8
S

Chord Angle, © (deg.) Relative slope, © (deg.)
2 3 4 5 6 0 1 2 3 4 5 6

= = = Inside Girder (IG)

= = = |G-Intact Bridge

T 2.5

Long. -Outer Flange of 0G

Transverse Negative

t
N

Transverse Positive

T 1.5

Overstrength,

T
=

Outside Girder (0G)

OG-Intact Bridge
+ 0.5

0 10

20

— T
30 40 50 60 70 80
Maximum Deflection, & (in.)
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