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EXECUTIVE SUMMARY

Introduction

Life-cycle cost analysis (LCCA) is a method used to assess the
total cost of a project. LCCA is particularly useful when a single
project has different alternatives that fulfill the original require-
ments. Alternatives could differ in initial investment or cost,
operational costs, maintenance costs, or other long-term costs.
This kind of analysis, when applied to bridge infrastructure
projects, is called bridge life-cycle cost analysis (BLCCA).
According to NCHRP Report 483 (Hawk, 2002): “Several recent
legislative and regulatory requirements recognized the potential
benefits of life-cycle cost analysis and call for consideration of
such analyses for infrastructure investments, including invest-
ments in highway bridge programs.” This contemporary tendency
has been the main driving force for the research and use of
BLCCA throughout the country. The current study focuses on
efforts to identify the best approach to incorporate BLCCA in
new bridge construction in Indiana.

The cost involved in building a bridge depends upon different
factors. The following features can play a role in the initial cost:

® number of substructure elements needed;

® right-of-way and earthwork required to develop the height of
the approach due to the depth of the bridge structure type;

® typical deck span and thickness for the superstructure;

® span length and material properties;

® distance for shipping from the precast plant or fabrication
shop to the bridge site; and

® familiarity of the contractors with the type of bridge con-
struction.

However, long-term costs must be considered when estimating
the overall cost of the project and determining its LCC.
Long-term costs include but are not limited to the following:

repair or rehabilitation of the bridge deck;

repair of collision-damaged concrete or steel girders;

repainting a steel bridge;

removal of the deck for a pre-stressed bulb-tee without

damaging the girder;

routine maintenance;

® the cost of inspection for fracture-critical steel bridges;

® inspection to identify and repair duct voids in grouted post-
tensioned concrete bridges;

® and miscellaneous minor repairs such as spot painting or

concrete patching.

Without watchful consideration of the long-term costs and full
life-cycle costing, initial investment decisions that look attractive
could result in a waste of economic resources. The design deci-
sion at the beginning of the project can create less than optimal
requirements in future years. According to the American Society

of Civil Engineers and ENO Center of Transportation (2014):
“An examination of the full life-cycle costs can help an agency in
determining the appropriate investment in an asset given current
and future constraints.”

Findings

For this project an initial cost and LCCA comparison was made
for simply supported and continuous bridge structures. Different
LCC profiles were proposed for different superstructure types.
Additionally, cost-effective life-cycle profiles were suggested for
the different alternatives.

Three different bridge span ranges were proposed to categorize
the cost-effectiveness of multiple superstructure design solutions:

® span range 1 for bridges with maximum spans between 30 ft
and 60 ft;

® span range 2 for spans within 60 ft and 90 ft; and

® span range 3 for structures longer than 90 ft and shorter than
130 ft.

Additionally, cost allocation for different agency costs includ-
ing initial and long-term costs were presented. User costs were
avoided since those depend on assumptions of traffic and specific
site conditions that are considered an oversimplification for the
aim of this report.

In order to compare different alternatives with different service
lives, the present worth of the LCC method was suggested. This
method computes the net present value of a single LCC that is
repeated over time indefinitely based on its service life. Using this
method, a LCCA comparison was made for simply supported and
continuous bridges. Results showed that for span range 1, slab
bridges are the most cost effective solution for spans up to 35 ft. In
contrast, a galvanized steel alternative is the optimal solution for
spans up to 60 ft (for the case of simply supported beams, cost-
effectiveness of the galvanized option goes up to 65 ft). For spans
longer than 60 ft, the prestressed bulb tee option is the most cost-
effective solution, for both simply supported and continuous beams.
However, for simply supported beams, galvanized steel plate girders
are also cost-effective for spans between 90 ft and 105 ft.

Implementation

The LCC profiles developed in this study can be applied to the
planning and design of new state and locally owned bridges. As a
result, INDOT now has proposed profiles for different super-
structure types that correspond to the most effective working
action distribution for new bridges. Charts included in this report
present the most cost-effective bridge structure solutions for
simply supported and continuous bridges of different span ranges.
These charts are a suggested tool for designers to use during the
early stages of planning for new structures. Their use could result
in the most cost-effective structure selection for new bridges and
ultimately result in cost savings for bridge owners.
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1. INTRODUCTION

The true cost of a bridge structure is the cost to
build, inspect and maintain the bridge over the entire
lifespan of the bridge. This is often referred to as the
“life-cycle” cost, and it is a better measure of the real
cost of a bridge, rather than the initial, or first cost.
Typically, decisions regarding selection of the super-
structure type when a new or replacement bridge is
needed are based solely upon the initial construction
cost, rather than the life-cycle cost. There are very
few data or prior published studies regarding the life-
cycle cost of entire bridge structures in Indiana that
utilize different materials. A study to evaluate these costs
would be useful for efficient and cost-effective future
planning.

The life-cycle cost analysis (LCCA) has been defined
as a method to assess the total cost of a project. It is
a simple tool to use when a single project has diffe-
rent alternatives that fulfill the original requirements.
Different alternatives could vary in initial investment,
operational and maintenance costs among other
long term costs. Without watchful consideration of
the long-term costs and full life-cycle costing, current
investment decisions that look attractive could be
resulting in a waste of economic resources in the
future. This research is focused on short to medium
span bridges (less than 130 ft) which represents 97%
of the NBI INDIANA bridge inventory. Bridges are
categorized in three different groups of span ranges.
Different superstructure types are considered for both
concrete and steel options. Types considered include
bulb tees, AASHTO prestressed beams, slab bridges,
prestressed concrete box beams, steel beams, steel
girders, folded plate girders and simply supported
steel beams for dead load and continuous for live load
(SDCL). A design plan composed of simply supported
bridges and continuous spans arrangements was carried
out. Analysis for short and medium span bridges in
Indiana based on LCCA is presented for different span
ranges and span configurations. Findings will help
designers to consider the most cost-effective bridge
solution for new projects, resulting in cost savings for
agencies involved.

1.1 Objective

The purpose of the proposed research is to examine
the life-cycle costs associated with steel and concrete
bridge structures of comparable types and sizes. The
bridge study will be limited to bridges that have an
overall length in the range of 30 ft to 130 ft. The study
will examine various bridges for a given site condi-
tion—such as a particular span length and optimal
configuration for the overall bridge length considering
structural continuity, etc.,—to determine the life-cycle
costs of the bridges. The final result of the study will
then be a set of guideline recommendations that a
designer may use to achieve the greatest long-term cost
efficiency.

1.2 Scope

A detailed study of the life-cycle cost of Indiana
bridge structures is proposed in this study. The scope
of the proposed work will include the following: (a)
collection of information gathered from previous
studies that have been conducted and reported in
the open literature; (b) collection of critical features
of both new bridges that are being designed and
built in Indiana, as well as the features that were
common in Indiana bridges; (c) collection of dete-
rioration factors for steel and concrete bridges;
(d) analysis of the life-cycle costs for new concrete
and steel bridge structures; and (e) production of a
summary report to document the study findings and
recommendations.

2. LITERATURE REVIEW

This section presents a literature review on innova-
tive cost effective solutions for short span bridges. Also,
a literature review on deterioration curves is included.
In addition, current approaches taken to conduct a
bridge life-cycle cost assessment are summarized.

2.1 Bridge Superstructure Types

Multiple design solutions have been investigated and
used throughout the years with the objective not only of
proposing a structural solution for bridges but also to
provide a cost-effective option for owners and agencies.
These two have been the motivating force of numerous
advances in the steel and concrete bridge industries.
Structural systems such as reinforced concrete slab
bridges, prestressed concrete bulb tees, prestressed
concrete box beams, prestressed concrete AASHTO
beams, steel beams, steel plate girders and steel box
girders have been commonly used across the country.
Nonetheless, the options discussed herein correspond
to new technologies or, in some cases, recent approaches
to standard systems that could provide a great design
solution with competitive costs.

2.1.1 Steel Bridges

Folded plate girder bridge system (FPG). This design
approach utilizes U-type shapes built from, cold-
bending flat steel plates into tub sections using a
press-brake. According to the Short Span Steel Bridge
Alliance (n.d.) a maximum span of 60 ft is able to
take advantage of this system. Folds are uniform but
thicknesses and dimensions vary depending on pro-
ject conditions. Concrete is typically cast in the shop
to connect the folded plates to the deck as part of a
prefabricated section. Two different options have been
considered in recent years. One is a folded plate that is
closed at the top by the concrete deck which is con-
nected by shear studs placed in top flanges disposed at
each side of the beam (see Figure 2.1). In further
references this option will be called the folded plate

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/09 1
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Figure 2.1 Folded plate bridge system.

bridge system. In contrast, the second option uses the
folded plate upside down, which means that the deck
will be connected throughout the back of the folded
plate by shear studs. This second option implies that the
bottom of the bridge is open see Figure 2.1). In further
references this option will be called the inverse folded
plate bridge system.

Advantages of the press brake system include the
following:

® Utilizes standard plate sizes for the folded plates.

® Pre-topped module option could be built for accelerated
bridge construction (ABC).

® Module option reduces erection times and costs.

® No cross frames for either local or global stability are
needed.

® For the inverse folded plate bridge system, the opening of
the tube at the bottom of the element makes the inspec-
tion easier.

® Minimum amount of welding is needed, decreasing fabri-
cation costs.

Disadvantages include:

® For the folded plate bridge system, inspection could be
difficult due to closed box section.

® The inverse folded plate system is proprietary.

® Transportation can be limited due to weight or width of
the prefabricated pieces compared to prestressed concrete
box beams.

® Lack of research on seismic behavior of bridges using this
design option.

Since late 1970s the idea of prefabricated press-
formed steel T-Box girder bridge system has been of
special concern of the structural research community.
Taly and Gangaro (1979) proposed this system as a
feasible option for highway bridges. Topics treated
includes design basics, fabrication solutions, feasibility
study, erection considerations, bearing types, end joints
solutions, curb, parapet and railing types, maintenance
aspects and alternative design procedures.

The investigation developed by Barth, Michaelson,
and Barker (2015) describes the procedure to develop
the FPG bridge system. Methodology of the design
proposed, along with experimental validation for the
composite girder’s flexural capacity are presented. Results
show that AASHTO specifications used to compute com-
posite girder’s ultimate capacity are conservative. Finally,

a more accurate proposal to compute the flexural capa-
city is proposed.

Inverse folded bridge system described by Burner
(2010) is cold bent out of a single sheet of steel. Six
specimens containing closure regions were subjected to
both positive and negative moment loading to investi-
gate their behavior and failure modes under ultimate
load. Fatigue resistance along with hooked construc-
tion joints were studied (in comparison with the headed
bars construction joints). Conclusions of the research
indicates that this bridge system can withstand the
equivalent 75 years of the physical maximum traffic
without significant loss of stiffness. Additionally, headed
bars and hooked bars for the construction joint provided
sufficient strength and ductility for both positive and
negative moments, however, hooked joints are preferred
due to its low-cost fabrication and ease in detailing and
fabrication.

A project that used inverse folded plate girders as an
ABC solution was monitored by Civjan, Sit, and Brena
(2016). This study was sponsored by the Massachusetts
Department of Transportation, and focused on mon-
itoring a single-span integral-abutment bridge. Results
indicated that the neutral axis is located above the one
assumed from section properties. However, stresses in
concrete and steel components are within values expec-
ted not only during construction, but also during long
term data collection and truck load testing.

A report presented to the Michigan Department of
Transportation by Burguefio and Pavlich (2008) had
the objective to evaluate through numerical simulations
the feasibility of creating an entirely prefabricated com-
posite box girder bridge system and employing such
system for highway bridges. Topics such as composite
girder/deck joints, vibration characteristics, longitudi-
nal joint of girder/deck units, transversally postten-
sioned joints and others were studied. Different
longitudinal joint connections are reviewed, including
grouted shear keys, reinforced shear keys, post ten-
sioned grouted shear keys, welded plate grouted shear
key blocks, reinforced grouted moment key blocks and
posttensioned grouted moment keys. Cost, structural
performance, constructability, design ease and other
topics were analyzed for spans under 100 ft. There is
not a conclusive selection of joints based on performance
or strength. However, it is concluded that according to

2 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/09



the parametric study the performance of all the different
joints considered were adequate for spans ranging from
50 ft to 100 ft.

Other researches like the one published by Nakamura
(2002) describes a new type of steel and concrete
composite bridge with steel U-shape girders. From the
economical point of view, lack of welding in comparison
with regular I-shape girders is an advantage for this
system and therefore very cost-effective. Testing of
folded plate girders replicating loads due to con-
struction without using prefabricated beams were
carried out at the University of Nebraska (Glaser, 2010).
Two different plate girder specimens were tested. To
consider proper behavior simulating construction stages,
the behavior of the girder alone was evaluated and no
concrete slab was cast in any specimen. The objective
of the test was to estimate not only the overall behavior
but the girder components performance. Load levels to
cause failure were included, also modes of failure were
reported. Results prove that the folded plate girder pro-
vides adequate strength and stability resistance during
construction.

Simply supported span for dead load and continuous
for live load (SDCL). Simple span steel members are
utilized at the early construction stages (dead load only),
and then modified by adding the required continuity
tension and compression details during construction to
create a continuous structural system. This structural
system eliminates field splices when spans are shor-
ter than transportation limitations. According to the
SSSBA normal detailing includes various combina-
tions of anchor bolts, sole plates and often expensive
bearing types. The SDCL method is considered as a
special construction process rather than an applica-
tion of special bridge elements.

Advantages of the system:

® Eliminates field splices, which are expensive.

® For live loads the whole structure could be considered as
continuous which could reduce structural depths and
weight costs.

® Erection procedure is simpler due to the elimination of
field splices.

® Reduction of cross frames along the length of the bridge.

Disadvantages of the system:

® Limited span length can be used to avoid field splices due
to transportation limitations.

Azizinamini, Yakel, and Farimani (2005), in con-
junction with the Nebraska Department of Roads
(NDOR) and the University of Nebraska Lincoln,
examined a new steel bridge system which considers
simply supported beams for dead load and continuous
spans for live loads. Two full-scale specimens were
constructed and tested in order to determine their
structural behavior. Ultimate load tests were conducted
to investigate the failure mechanism. As a result, design
equations were developed and verified through finite
element analysis.

Independent design professionals have been propos-
ing SDCL systems as a cost-effective solution for
the bridge industry according to Henkle (2001). For
instance, Hoorpah, Zanon, Dabee, and Muhomud
(2015) presents the experience with Colville Deverell
Bridge located in Mauritius Island. The SDCL system
is presented as an economic and fast construction
technology for developing countries. Zanon, Ochojski,
Hechler, Klimaszewski, and Lorenc (2015) presented
an example of the use of an SDCL project as part of
a new express road construction in Gdansk, Poland.
Some of the points highlighted by this project are
mainly focused on the advantage of prefabrication cost
and effective procedures for medium span bridges,
especially for the span range between 80 ft and 115 ft.

Finally, a cost-benefit analysis was conducted by
Azizinamini et al. (2005) for two different structures,
a steel box girder superstructure and a steel I-girder
superstructure. It is shown that girders are slightly
heavier using the SDCL system in comparison with the
conventional continuous bridge system. However, the
elimination of field splices reduced the total cost of
the structural elements by 7% in both cases.

2.1.2 Concrete Bridges

A paper summarizing the Japanese state of the art
was published by Yamane, Tadros, and Arumugassamy
(1994) on short to medium span (16 ft to 130 ft) precast
pre-stressed concrete bridges. Topics such as construc-
tion techniques, design procedures and overall costs for
bridges in Japan and the United States were reviewed.
This document presents a summary of basic geome-
trical considerations for different bridge types including
typical span ranges (see Figure 2.2).

Bulb tee beams. Bridges using bulb tee beams consist
of a horizontal slab supported by beams, which are
supported either by abutments at both ends or at
interior points for continuous beams. The cross section
of the beam is designed to have optimal material and
structural resistance, commonly fabricated in “I” shapes
(see Figure 2.3). Due to the maximized moment of
inertia obtained with the cross section, long spans can
be considered for this type of bridge. Industry has
standardized heights and general dimensions.

Advantages of this system:

® First initial cost effectiveness.
® Easy construction procedures.
® No fatigue design is needed.

Disadvantages of this system:

® Simply supported beams need to be considered in mul-
tiple continuous spans.

® Depending on the environment, corrosion penetration
could lead to major structural issues.

® Transportation can be limited due to weight or width of
the prefabricated pieces

® Expensive and complicated retrofitting procedures.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/09 3
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Figure 2.2 Precast, pre-tensioned concrete beam sections used for short span bridges in the United States. (Source: Yamane,

et al., 1994.)

® During re-decking processes, girders can be damaged or
original structural sections could be diminished.

® Longer waiting times when a retrofit or member replace-
ment is needed.

A precast bulb tee pre-stressed concrete girders
system is being used as a bridge rapid construction
option. Due to construction procedures, load transfer
between adjacent girders is provided by the composite
concrete deck. Bardow, Seraderian, and Culmo (1997)
discussed the advantages of the approach through
the examination of the New England bulb-tee precast
girder proposed by New England Precast Concrete

Institute (PCI) committee. Reasons such as limita-
tions in the range of applicability from the previous
standardized American Association of State Highway
and Transportation Officials (AASHTO) I girders and
successful experiences of other states using more
efficient precast girder shapes influenced the committee
to propose bulb tee girders as an option in bridge
design. A summary is provided on the girder depth
limitation, as well as shipping and erection issues. Also,
reviews of the new standardized sections completed by
University of Nebraska and PCI are mentioned. Paral-
lel to this proposal, the bridge portion of the Boston
central artery project was designed using the new bulb
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Figure 2.3 Typical bulb tee girder.

tees suggested by the committee. As a result of this co-
operation, a standardized bulb tee sections were adopted,
and have been used in numerous projects since then.

2.2 Deterioration Curves

Deterioration models for bridges were introduced
into the life-cycle cost assessment during the 1980s as
a result of the rising interest in predicting the future
condition of infrastructure assets (Morcous & Hatami,
2011). Nonetheless, those models have been researched
prior to the 1980s for pavement management systems
(PMYS). Difference between these two approaches focus
mainly on the importance of safety, construction mater-
ials used and structural functionality. Even knowing
the differences between them, the approaches used to
deal with the deterioration of infrastructure assets (no
matter its origin) are based on the same principles.
“By definition, a bridge deterioration model is a link
between a measure of bridge condition that assesses
the extent and severity of damages, and a vector of
explanatory variables that represent the factors affect-
ing bridge deterioration such as age, material proper-
ties, applied loads, environmental conditions, etc.”
(Morcous & Lounis, 2007).

Deterioration curves have been understood as a
model intended to describe the process and mechanisms
by which assets deteriorate and even fail through its
service life. Probabilistic and statistical methods are
usually used to accomplish this goal, leading to a gra-
phical representation of the deterioration of the struc-
ture (see example in Figure 2.4).

There are some key components that must be deter-
mined to develop a deterioration model of a structure.
The following are the most important:

® The anticipated deterioration rate of the element. Known
as the pace at which an asset degrades over time under
operating conditions. This must be taken into account
from the beginning of the life of the structure.

® The thresholds that define the start and the end of the
maintenance stages.

® Actions to take into account at different points and
during sequential stages. The jumps in the deterioration
curves are intended to extend the service life of the asset
or to accomplish the overall life-cycle objective of the
structure.

The basic data used to develop a deterioration
prediction is based on the condition ratings. Con-
dition ratings reflect the deterioration or damage of the
structure but not design deficiencies. To address these
scenarios, the National Bridge Inventory (NBI) classi-
fies them as “Structurally Deficient” or “Functionally
Obsolete.” Based on field inspections the condition
ratings are considered more like snapshots in time
rather than prediction of future conditions or behavior
of the structure.

As a rule, the NBI regulated the condition ratings
as a numerical coding from 0 to 9, in which 9 reflects
“Excellent condition” and 0 represents the “Failed
condition” —see Table 2.1 For further details, see the
official NBI condition ratings document.

Using condition ratings, it is possible to develop a
model that predicts the future condition of the structure
analyzed. The basic representation of this analysis takes
the current condition of the asset and predicts how
the condition rating will change in future years if no
maintenance is performed. Some of the options found
in the literature for the predictive modeling include
deterministic analysis and stochastic analysis.

2.2.1 Deterministic Analysis

Deterministic analysis models contain no random
variables (no probabilities involved) and no degree of
randomness. It is dependent on a mathematical formula
for the relationship between the factors affecting the
bridge deterioration and the measure of the condi-
tion of the asset. The output obtained is commonly
expressed by deterministic values that represent the
average predicted condition. This type of model can be
developed using extrapolations, regressions or curve-
fitting techniques (Morcous & Hatami, 2011).

The Nebraska Department of Transportation spon-
sored a research project to develop specific models for
Nebraska’s bridges (Hatami & Morcous, 2012). This
project was focused on the application of both deter-
ministic and stochastic analysis in bridge decks. Some
key conclusions were made including the significant
impact of the traffic volume (AADT and ADTT) on the
deck deterioration. Also, the importance of environ-
mental and climate changes throughout the state were
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Figure 2.4 Typical life-cycle condition with repairs and renewals.

TABLE 2.1

General description of bridge elements condition ratings
State Description

N Not Applicable

9 Excellent Condition

8 Very Good Condition—No problems noted
7 Good Condition—Some minor problems

6 Satisfactory Condition

5 Fair Condition

4 Poor Condition

3 Serious Condition

2 Critical Condition

1 “Imminent” Failure Condition

0 Failed Condition

addressed. It was found that higher traffic volumes
increase the deterioration rate for bridge decks. In addi-
tion, in the detailed report on bridge decks, Morcous
and Hatami (2011) also analyzed superstructures and

|30

[s0 |s8

substructures. Data suggest that prestressed concrete
superstructures have similar performance to steel struc-
tures up to condition 6 for Nebraska bridges. Below
condition 6 no adequate condition data for prestressed
concrete superstructure were found.

Indiana sponsored a recent project focused on updat-
ing bridge deterioration models though its Department
of Transportation (Moomen, Qiao, Agbelie, Labi, &
Sinha, 2016). The final report identifies independent
variables such as bridge age, features to cross beneath
the bridge, ADTT among others. This document pre-
sents different deterioration curves divided in different
groups depending on the material and design types.
Curves for decks, different superstructure types and
substructures are summarized. Also, it presents the
different significant explanatory variables used for each
probabilistic model. Finally, deterministic and prob-
abilistic case examples are presented using the outcome
of the curves presented. Findings identified trends in the
deterioration rates linked to the independent variables
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used. Data show that the road classification influences
highway bridge deterioration due to the related ADTT.
Higher ADTT values result in higher deterioration
rates. In addition, bridges located over waterways tend
to deteriorate faster than bridges traversing other features.

2.2.2 Stochastic Analysis: Markov Chains

A stochastic model traces the projection of variables
that can change randomly with certain probabilities. In
this specific case, deterioration progression is set as one
or more stochastic variables that capture the uncer-
tainty of the process. Two different approximations
could be made in this kind of model: state-based and
time-based approximation (Mauch & Madanat, 2001).
State-based models predict the probability that an asset
will undergo a change in condition-state at a given time.
One of the most known examples of this model are the
Markov chains and the semi-Markov processes. On the
other hand, time-based models predict the probability
distribution of the time taken by an asset to change its
condition-state. This type of approximation has been
used more frequently in pavement deterioration model-
ing. However, the two modeling approaches can be
related. It is possible to use one modeling approach to
predict the dependent variable of the other.

A stochastic process can be considered as Markovian
if the future behavior depends only on the present
condition but not on the past. In other words, if the
state is known at any given time, no more information
is needed in order to predict the future state of the asset
(Sinha, Labi, McCullouch, Bhargava, & Bai, 2009).

The most important step when a Markov chain
method is used is the computation of the matrix that
contains the transition probabilities, which represents
the probability of an element to remain or change from
one rating to the other. Transition probabilities can
be obtained either from accumulated condition data
or by using an expert judgment elicitation procedure
(Morcous & Hatami, 2011). Different methods can
be used to generate transition probabilities. However,
there are two which have been used to solve this problem
using the condition data available: regression based
optimization and percentage prediction method. The first
one solves the non-linear optimization problem mini-
mizing the sum of the absolute differences between the
regression curve that best fits the condition data and
the predictions using the Markov chains. This method
can be greatly influenced by maintenance that are not
reported to the database used. This means that any
change in the database will have a significant impact in
the outcome. The second approach relates the number of
transitions from one state to another within a given time
span with the number of structures in the original state.

Markovian’s biggest disadvantage is the inherent
assumption of the future condition as independent of
the historical condition of the asset. “The Markov
process assumes, in theory, a programmed and fixed
inspection interval for bridges occurs, but in practice,
bridges can be inspected less or more frequently than

programmed for reasons such as financial limitations
and technical challenges. The Markov chain has its
merits, such as accounting for the stochastic nature of
deterioration, facilitation of the condition characteriza-
tion of large bridge networks and its computational
efficiency and simplicity” (Moomen et al., 2016).

2.3 Bridge Life-Cycle Cost Analysis (BLCCA)

Decision making in projects related with infras-
tructure frequently have constrained budgets. Con-
sequently, decision makers and elected officials often
only consider short-term cost (a.k.a. initial cost), rather
than the long-term costs. However, failure to consider
long-term costs could lead to decisions that are costlier
over the service life of the structure.

According to the American Society of Civil Engi-
neers & ENO Center of Transportation (2014) bridge
life-cycle cost analysis (BLCCA) is defined as “a data-
driven tool that provides a detailed account of the total
cost of a project over its expected life.” In addition,
“BLCCA has been proven to create short-term savings
for transportation agencies and infrastructure owners
by helping decision-makers identify the most beneficial
and cost effective projects and alternatives.” Numerous
transportation agencies throughout the country have
been using BLCCA as a tool for policymakers. BLCCA
has several applications, including:

® Calculating the most cost-effective approaches to project
implementation.

® Evaluating a design requirement within a specific project,
such as material type in bridge construction.

® Comparing overall costs between different types of
projects to help prioritize limited funding in an agency-
wide program.

Even though BLCCA is presented as a precise tool
to allocate budgets, the approximation itself has diffe-
rent limitations that the agency using it must con-
sider. The most notorious constraint is the reliability
of the prediction of future costs. Determination of
such predictions are subjected to a substantial esti-
mating risk that can radically modify the outcome.
A second limitation is based on the time horizons of
the analysis. Setting different time horizons can have
a dramatic effect on the analysis results. However,
the most important issue is attributed to the lack of
transparency and full knowledge of how BLCCA
works and how it can be implemented. It is important
to understand that BLCCA must not be considered as
an infallible tool to predict future costs. Nevertheless,
it is a helpful instrument to provide better informa-
tion to decision-makers.

BLCCA is based upon a series of factors that need to
be quantified and investigated. First, there is a need to
identify alternatives, not only of the structural type or
material but also bridge maintenance and improvement
that may vary with the locations depending on weather
conditions and contractor’s experience. Second, agency
costs need to be addressed. These are (but not limited to)
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maintenance, rehabilitation and replacement costs.
“Most routine maintenance activities are performed by
an agency’s own workforce. Rehabilitation works con-
sist of minor and major repair activities that may require
the assistance of design engineers and contractors for
construction. Most rehabilitation work is deck rela-
ted. A major rehabilitation activity may involve deck
replacement. The term “bridge replacement” is, on the
other hand, reserved for a complete replacement of the
entire bridge structure” (Hawk, 2002).

An accurate estimation and prediction of such
prices is a difficult task since they tend to fluctuate.
Moreover, those prices are connected with the length
and type of bridgework programed in each of the
alternatives. Finally, user costs that are the value of
time lost by the user due to delays, detours and
roadwork. There are other costs such as salvage costs,
staffing, tax implications, downtime and so forth, that
would be present in the BLCCA depending on the
government dispositions.

General models for BLCCA are summarized as
the sum of nonrecurring cost and recurring costs. The
final cost is the result of adding the construction
costs, maintenance costs and rehabilitation costs
among others. Those costs must include not only
appropriate agency costs but also user costs. Speci-
fically, the model for bridges is presented in equation
(2.1) (Hawk, 2002).

LCC=DC+CC+MC+RC+UC+SV (Equation 2.1)

Where:

LCC = Life-Cycle Cost

DC = Design Cost

CC = Construction Cost

MC = Maintenance Cost

RC = Rehabilitation Cost

UC = User Cost

SV = Salvage Cost

Measurements commonly used for alternative selec-
tion are: net present value (NPV), equivalent uniform
annual cost (EUAC) and incremental rate of return.

2.3.1 Life-Cycle Profiles

Life-cycle profiles were conceived as graphical repre-
sentation of all the costs involved during the service life
of a given structure. Those include not only the major
working actions (e.g., reconstruction of an element,
overlays, bridge replacement) but also routine working
actions characteristic of the bridge life. The combina-
tion of different maintenance, preventive or major
working actions creates a unique profile that can be
considered. Accurate estimation of service lives for all
the working actions is a combination of agency expe-
rience, research efforts and engineering judgment.

Bridges typically involve three different elements
that could have different working actions to consider:
deck, superstructure, and substructure. It is true that a
combination of all of them results in a complete LCCA.
However, this research is only focused on the deck and

the superstructure. Superstructure working actions often
involve the full or partial intervention of the deck.
Therefore, life-cycle profiles proposed here on are a
combination of preventive/maintenance/repair/reha-
bilitation strategies of both elements.

The following are the crucial factors to consider
when a life-cycle profile is proposed: the service life
of the structure, working actions considered, life cycle
of the treatments proposed, proposed schedule of
major working actions and possible extensions of the
structure service life due to preventive or corrective
procedures.

The service life of the structures considered corre-
sponds to the age at which the deterioration curve
used reaches the limiting condition rating. According
to Indiana experience, the limiting condition rating that
triggers the scheduling of a working actions corre-
sponds to “Poor Condition” (condition rating 4). It is
true that this condition does not mean imminent failure
or a collapse but it is considered a safe threshold to
assure safety standards.

3. BRIDGE DESIGN PLAN

3.1 Superstructure Types Selection

Information obtained from the National Bridge Inven-
tory (NBI) is used to summarize the most common
structures within the state and generate a design plan for
the structures to analyze. The NBI database is an open
source information that can be found in the National
Bridge Inventory webpage and can be used freely.

The Indiana Department of Transportation (INDOT)
has been collecting information on highway construction
projects since 2011. This information has been organized
and compiled in a single database that includes not only
the total cost of different projects but also discretizes pay
items involved. As it can be seen in Figure 3.1, the
INDOT database shows a predominant use of concrete
that represents 72% of the bridge contracts built from
2011 to 2015. In contrast, structural steel was used only
28% of the time. This tendency can be seen at a network
level also analyzing the NBI database. According to NBI
data, approximately 67% of the structures are concrete
or prestressed concrete bridges (distributed almost
evenly) while 30% are structural steel. This trend may
be driven by the first cost effectiveness of concrete in
comparison with structural steel.

Designs will cover the most common structures
found in Indiana (as shown in Figure 3.1) along with
the innovative bridge systems presented in section 2.1
of this document. It should be noted, however, that
design options for timber, masonry, aluminum or
other materials are not considered. The following are
the bridge types used:

Slab bridges, constant thickness

Prestressed concrete box beams

Prestressed concrete AASHTO beams

Prestressed concrete bulb tees and hybrid bulb tees
Structural steel folded plate beams

8 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/09



Summary Types

Type
Presir Concrete Box Beams
Structural Steel Beams

Presiressed Concrete Bulb-Tee Beam

Prestressed Concrete AASHTO Beams

ID %  Quantity

Structural Steel Girder
Reinforced Concrete Slab

Prestressed Concrete Hybrid Bulb-Tee

Beam
Reinforced Concrete Beam

Prestressed
Concrete Hybrid
Bulb-Tee Beam
12%

Reinforced

Concrete Slab |
1% '

Prestressed
Concrete
AASHTO Beams
18%

Figure 3.1 INDOT database—bridge structural type summary.

® Structural steel continuous beams
® SDCL beams
® Steel plate girders

3.2 Span Configuration and Span Ranges Selection

As shown in Figure 3.2, bridge spans between 30 ft
and 130 ft represent 65% of the total Indiana bridge
inventory. However, structures with spans shorter than
20 ft (5.8%) are considered “culverts” and are out of
the scope of this research. In addition, bridges between
20 ft and 30 ft use predominantly slab and culvert
superstructure types (82% of the time). Consequently,
bridges between 30 ft and 130 ft were selected as the
objective of this study.

1 387% 15
2 17.27% 67
5 27.58% 107
4 17.78% 69
3 11.08% 43
6 10.82% 42
7 11.60% 45
8 0.26% 1

STRUCTURAL TYPES

stress

Prestressed

Concrete Bulb-

Tee Beam
27%

To categorize different design options depending on
the maximum span length, 3 different span ranges were
established. Range 1 includes bridges with spans within
30 ft and 60 ft, range 2 spans between 60 ft and 90 ft,
and range 3 span lengths range from 90 ft to 130 ft.
Design types were considered depending on their cost-
effectiveness potential for each of the span ranges.

Figure 3.3 shows the bridge span distribution within
the state in the last six years. It is clear that bridges
with four or more spans are less common. Simple-span
(28%) and 3-span arrangements (38%) are the most
common structure found in Indiana. Nevertheless, the
2-span configuration is also used (16%) widely. Two
spans are commonly used for longer bridges in highway
crossroads. Moreover, Figure 3.4 shows that according
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TOTAL BRIDGES INVENTORY: 19,145 (NBI DATA 2016)
97% (18,073) of Total INDIANA Inventory are concrete and steel

Summary Ranges

Span
Ranges ID % Quantity
Minimum Maximum

0 Culverts LESS THAN 20 FT 5.8% 1113

1 Range 1 30 60 41.6% 796
2 Range 2 60 90 17.3% 3315

3 Range 3 20 130 6.1% 116
4 Range 4 130 200 2.2% 430
N/A N/A 20 30 27.0% 5163
100.00% 19145

SPAN RANGES

Range 3

6%

Range 2
17%

Figure 3.2 NBI database—span range summary.

to the NBI database, 1- and 3-span configurations
comprised 82% of the concrete and steel bridges in
Indiana. Conversely, by comparing span length and
span ranges, it was found that one and three spans
bridges are the most common configurations for
span range 1 (94%) and span range 2 (65%), but for
span range 3 the most commonly used option is the
2-span arrangement (36%). Using this trend, the
design plan utilized simple and 2-span structures for
span ranges 1 and 2, and simple and 2-span structures
for span range 3.

Figure 3.5 shows the aspect ratio summary result
of the INDOT database. As can be seen, the most
common ratio between the longest span and the total
span of the bridge are 0.50 and 0.35 for 2- and 3-span
configurations, respectively. Therefore, two equal spans
will be used for the 2-span configuration, while for 3-
span configurations the design will use two external
spans of 32% of the total length and a central span of
36% of the total span bridge length.

The final design plan includes bridge designs devel-
oped for extreme span ranges values and a single
intermediate point along the range. Table 3.1 presents a
summary of the designs developed for the simply
supported configuration. As shown, different super-
structure types are considered depending on its poten-
tial cost effectiveness for each span length. The same
approach was used for the continuous-span configura-
tion design plan shown in Table 3.2. The span length
shown in Table 3.2 corresponds to the maximum span
length within the multiple spans and not the total length
of the bridge.

3.3 Bridge Design

3.3.1 General procedure and standard design values

Bridge designs were then developed for the design plan.
The seventh edition AASHTO LRFD specifications
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Figure 3.3 INDOT database—bridge span configuration summary.

Summary Spans

SPANS D % | Quantity
1 1SPAN 49.6% 9487

2 2 SPANS 10.1% 1941

3 3 SPANS 32.1% 6139

4 4 SPANS 4.3% 818

5 MORE THAN 5 SPANS 4.0% 760
TOTAL 19145

100%

Figure 3.4 NBI database—span configuration summary.

(AASHTO, 2015) and the Indiana Design Manual
(INDOT, 2013) were used for the designs. There are
some simplifications and assumptions made that need
to be addressed. To simplify the design process some
aspects are taken as constant for every option con-
sidered. These assumptions are as follows:

1. Two 12 ft lanes in opposite directions along with 8 ft
shoulders on each side of the bridge. Total width of the
bridge is 43 ft.

2. Concrete bridge railing type FC was used per Indiana
Design Manual and Standard Drawing No. E 706-
BRSF-01.

3. Skew: 0°. INDOT database shows that most of the
Indiana bridges have skew values less than 30°, which in
practical design terms will not significantly impact the
final design.

10 Spans 11 Spans
0% 112 spans®
1%

1 Span
28%

MORE THAN S
spans . SPan Ranges

%

4 SPANS

Moderate ADTT, i.e., average truck traffic values below
3,500 trucks per day that are representative of the
majority of bridges in Indiana.

Concrete deck of 8 in, minimum longitudinal reinforce-
ment of 5/8 in and maximum rebar spacing of 8 in as the
minimum required per the Indiana Design Manual.
Structural steel ASTM A709 Grade 50. Modulus of
Elasticity: 29,000 ksi, Fy: 50 ksi and Fu: 65 ksi.
Reinforcement steel AASHTO A615 Grade 60. Modulus
of Elasticity: 29,000 ksi, Fy: 60 ksi and Fu: 80 ksi.
Prestressing Strands: Low relaxation strands. Modulus
of Elasticity: 28,500 ksi, Fy: 243 ksi and Fu: 270 ksi.
Slab concrete f’c: 4 ksi, Modulus of Elasticity: 3,834 ksi.
Concrete prestressed beams f’c: 7 ksi. Modulus of Ela-
sticity: 5,072 ksi. Conditions at transfer may vary.

The research described herein is focused on the
superstructure only; the substructure was not designed
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TABLE 3.1
Final design plan for simply supported options
Span Range (SR)
SR 1 SR 1 SR 12 SR 2 SR 2-3 SR 3 SR 3
Span
Superstructure Type 30 45 60 75 90 110 130
Slab Bridge X X X
Steel Beam (5B) X X X X X
Steel Beam (4B) X X X X X
PS Concrete Beam X X X X X
Folded Steel Plate X X X
PS Concrete Box X X X
PSC Bulb Tee X X X X X
Steel Girders X X X
TABLE 3.2
Final design plan for 2- and 3-span continuous configurations
Span Range (SR)
SR 1 SR 1 SR 1-2 SR 2 SR 2-3 SR 3 SR 3
Span
Superstructure Type 30 45 60 75 90 110 130
Slab Bridge X X
Steel Beam (5B) X X
Steel Beam (4B) X X
PS Concrete Beam X X X X
PS Concrete Box X X X
PSC Bulb Tee X X X x X
Steel Girders X x X
SDCL Beam (5B) X X X
SDCL Beam (4B) X X X

Note: Red indicates 2-span configuration included.
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for any of the bridges considered. Generalization of soil
and foundation types throughout Indiana is not within
the scope of this research.

Spreadsheets that include applicable sections of
the LRFD and the Indiana Design Manual specifica-
tions were created for every design option. As an
input, live load envelopes were generated using a
simple beam element model in SAP2000®. The models
were also used to check deflection limits. Limit states
checked are service level, strength level, and fatigue
and fracture.

Different design examples were considered as a
basis for the designs. Examples include those from
Wassef, Smith, Clancy, and Smith (2003), FDOT
(2003), Hartle et al. (2003), Parsons Brinckerhoff
(2011), Chavel and Carnahan (2012), Grubb and
Schmidt (2012) and Wisconsin Department of Trans-
portation (2019).

As noted above, detailed bridge designs were
developed for each of the options considered in the
design plan. This involved the design of 64 bridges in
total. To illustrate the design process, an example
design is presented in detail for a prestressed bulb tee
bridge in Appendix A. Comparable design details
were developed for each of the other options in
the design plan. Spreadsheets and final design details
for a two equal 110-ft span continuous bridge is
presented in Appendix B, which includes designs
for both prestressed concrete bulb tee and structural
steel plate girder sections. Summary information
from the designs can be found in the design drawings
in Appendix C. The detailed spreadsheet designs for
each bridge are available by request.

4. COST ALLOCATION

As noted earlier, the cost allocation model used
herein is described in Equation 2.1. Then, the final life-
cycle cost for each alternative would be the sum of the
agency costs, which includes design costs (DC), con-
struction costs (CC), maintenance costs (MC), rehabi-
litation costs (RC) salvage costs (SC), and user costs
(UC). Unless there is a reason to do otherwise, agency
costs are typically assumed to be incurred at the end of
the period in which expenditures actually will occur
(Hawk, 2002).

The most widely used basis to estimate those costs
are the utilization of unit costs and bills of quantities.
In the absence of this information, parametric cost
estimating models may be used to best-guess esti-
mate (Hawk, 2002). This study is focused on the
highway bridge system costs in Indiana. The Indiana
Department of Transportation (INDOT) has been col-
lecting information on highway construction projects
since 2011. This information has been organized and
compiled in a single database that includes not only
the total cost of different projects but also discretizes
pay items involved. Using this information, it is pos-
sible to identify the cost trend of basic pay items such as

concrete, structural steel, structural elements among
others.

In order to obtain the current price for each one of
the data points from the database, inflation rates need
to be used. Inflation rates were calculated using the
current consumer price index (CPI) published monthly
by the Bureau of Labor Statistics (BLS). Values pre-
sented in Table 4.1 correspond to the average value
throughout the year. Table 4.1 also presents the cumu-
lative multiplier factor used to compute the net present
value.

4.1 Outliers Identification

The definition of an outlier is at best a subjective
idea. However, different investigators have been addres-
sing this problem from different perspectives. One of the
most accepted definitions of this term is presented by
D’Agostino and Stephens (1986): “A discordant obser-
vation is one that appears surprising or discrepant to the
investigator; a contaminant is one that does not come
from the target population; an outlier is either a con-
taminant or a discordant observation.” Once the outliers
are identified there are different paths to treat the data-
base, shown as follows:

® Omit the outliers and treat the reduced sample as a new
database.

® Omit the outliers and treat the reduced sample as a
censored sample.

® Replace the outliers with the value of the nearest “good”
observation (also called Winsorize the outliers).

® Take new observations to replace the outliers.

® Do two different analyses with and without outliers.
If results are clearly different the conclusions need to be
examined cautiously.

TABLE 4.1
Inflation rates

Other Resources

Year Inflation Rate (%) Cumulative
2017 2.10 1.0210
2016 1.30 1.0343
2015 0.12 1.0355
2014 1.62 1.0523
2013 1.47 1.0678
2012 2.07 1.0899
2011 3.16 1.1243
2010 1.60 1.1423
2009 -0.40 1.1377
2008 3.80 1.1810
2007 2.80 1.2140
2006 3.20 1.2529
2005 3.40 1.2955
2004 2.70 1.3304
2003 2.30 1.3610
2002 1.60 1.3828
2001 2.80 1.4215
2000 3.40 1.4699
1999 2.20 1.5022
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Due to the source of the database used in this
research the outliers will be identified and the reduced
sample treated as a new database. There are multiple
techniques to identify outliers in a sample, including
Pierce’s criterion, modified Thompson Tau test and
anomaly detention, among others. Nevertheless, the
method used for this sample was the implementation
of the interquartile range (IQR) and the Tukey’s
fence approximation. The IQR it is the difference
between the first and the third quartile. The first (Q;)
and third quartile (Q3) are the values in the database
that holds 25% and 75% of the values below it
respectively. According to the Tukey’s fences method,
outliers are values outside of the limits represented by
1.5 times the IQR below Q; and above Q5. The genera-
lization of the method is presented in Equations 4.1,
4.2, and 4.3.

IQR= 03— 0 (Equation 4.1)

Limpg, = Q1 —1.5(IQR) (Equation 4.2)

Limr,, =03+ 1.5(I0OR) (Equation 4.3)

Once the database is cleaned from outliers, a stan-
dard deviation and mean is computed for all the
pay items involved. However, and in order to take
into account the economics of size of the projects,
a weighted average and standard deviation are chosen
to use as an input in the BLCCA. The usage of a
weighted average is based on the fact that larger
projects would have a more significant impact on the
computation of the mean than smaller projects, which
could result in costlier unit prices. Weights are calcula-
ted based on the quantities for each one of the activities
considered. Basic definition of weighted average (X)
and standard deviation (o) is presented in Equations 4.4
and 4.5 where Xx; represents a single value in the
database and w; is the weight associated to that specific
value. Weights, as mentioned before, correspond to the
ratio between the individual quantity of the data point
and the total sum of quantities.

(Equation 4.4)

(Equation 4.5)

4.2 Design Costs (DC)

Includes all the engineering and regulatory studies,
environmental and other reviews, and consultant
contracts prior to the construction or major rehabilita-
tion of an asset. It is a common practice to compute
these values as a percentage of the construction cost
when no data are available. However, these costs are
not considered in the computation of the total LCCA

for two reasons: Firstly, designs are made by the
researchers and no cost is involved or considered due to
such activities, however, in real projects this cost must
be included. Secondly, since this research is not
localizing the design structure in any specific location,
environmental and other reviews along with consultant
contracts are not needed.

4.3 Construction Costs (CC)

Includes all the activities made between the design
and the operation of the asset. In a project, it may
include bridge elements, ancillary facilities, and
approach roads among others. In this study only
major superstructure elements are considered. Sub-
structure construction is neglected since this design is
outside of the scope of the project. Barriers and other
miscellaneous items are neglected also due to that
all the alternatives share the same specifications, in
other words, they will have the same elements in the
same quantities. Pay items considered include: slab
concrete, structural concrete elements, reinforcing
steel and structural steel. Table 4.2 shows the sum-
mary of the construction cost for different super-
structure elements. All pay items shown include all
the activities needed until the elements are cast or
erection of the element on site. No additional costs
need to be considered due to erection of super-
structure beams or provisional formwork for cast in
place elements, since these costs are included in the
pay item price.

A further analysis was done for the pay item related
to the concrete of the superstructure. As a common
practice it is assumed that concrete cost depends on
the superstructure type used. As a general standardized
exercise, this cost is discretized depending on the
superstructure material type. In other words, con-
crete superstructures are believed to have different
concrete prices than steel superstructures. It is true
that in past years the tendency was that steel supe-
rstructures resulted in costlier cast in place concrete
slabs than the concrete superstructures as shown
in Figure 4.1. Nonetheless, analyzing the historical
data, the differences in prices between those two pay
items has been reduced in the recent years. Therefore,
concrete for superstructures pay item was taken as
the same value independent of the material or super-
structure type.

In addition, the unit cost for concrete diaphragms
and continuity concrete details for continuous
spans needed to be determined. Since there is no
discretization of any pay item in the database, it is
not possible to determine this cost from historical
data directly. However, a different approach was
used that involved the average values for super-
structure concrete and typical quantities of a con-
tinuous bridge.

Computation of the diaphragm cost is presented
in Equations 4.6-4.8. The approximation proposed
uses a weighted computation of the price since the
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TABLE 4.2
Summary agency costs—construction costs

INDOT
Item Unit Maximum ($) Minimum ($) Average ($) Weighted ($) Std Dev ($) Data
Concrete C Superstructure yd? 898.76 354.25 589.04 565.03 109.61 354.00
Concrete Bulb-T Beam LFT 419.06 188.86 294.98 298.99 54.86 145.00
Concrete Box Beam SFT 320.99 139.03 241.37 241.51 55.66 132.00
Concrete [-Beam LFT 346.43 107.53 221.07 219.21 66.93 55.00
Structural Steel b 3.00 0.64 1.94 1.72 0.44 63.00
Reinforcing Steel 1b 1.34 0.65 0.96 0.92 0.12 150.00
Epoxy Reinforcing Steel Ib 1.40 0.74 1.05 1.02 0.13 324.00
Concrete Unit Price
$850.00
$800.00
5750.00
m
=
>
o $700.00
=
a
$650.00

S600.00

5550.00

2010 2011 2012

2013

2014 2015 2016 2017

Starting year range

—&— Concrete C Superstructure —@®— Concrete C Concrete All Configurations

Concrete C Steel All Configurations

Figure 4.1 Historical cost data—superstructure concrete pay item.

value of the concrete is known for continuous spans
(in this case 3-span configuration: Pr,,; ) and simply
supported span (assumed as basically slab concrete:
Psup), and also the relative percentage of concrete used
for the slab (osys) and the diaphragms (op,,n) of a
typical bridge. To obtain the cost of the material used
for continuity above the piers the procedure is as
follows (Ppjgpn, value shown in Equation 4.9):

n
Doio1 WiXi .
Prowr = = = 0tstab P siab + % Diaph P Diaph (Equatlon 46)
Zi:l i

Concretegy,

Usiah = - =88%
Concreteryy
Concretepigph .

A Diaph = —— T 12% (Equation 4.7)

Concreteroml

Prow =$600.59/yd®> P =$579.27/yd®>  (Equation 4.8)

Prowar =88%($529.27 /yd®) + 12%P pjapn = $600.59 / yd*

Then, solving for Pp;,:

Ppigpn =$1,123.60/yd" (Equation 4.9)

As it can be seen in Table 4.2, unit cost for concrete
superstructure elements like beams is given in dollars
per linear foot independent of the beam type. This
feature implies that the lack of data points of certain
beam types (different bulb tees sections for instance)
make the unit price for that specific section not
accurate. To solve this problem this unit price can be
converted to dollars per volume units using the total
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area of the beam type. This additional step resulted in
a general unit price for all beam types that can be
converted into unique unit values for all different
sections using again the net area. The same procedure
was done for structural prestressed concrete box beams
using the superficial area of all sections. A summary of
unit cost for different prestressed concrete beam sec-
tions can be seen in Table 4.3.

4.4 Maintenance Costs and Rehabilitation Costs
(MC and RCO)

Includes all the activities needed during the service
life of the asset in order to maintain the current
condition or improve it above acceptable criteria.
These activities also cover all actions to repair or
replace elements that threaten safe bridge opera-
tion. There are two types of maintenance activities:
(a) a regularly scheduled operation such as deck
flushing or deck cleaning, and (b) preventive or
protective maintenance which are the response of an
observed condition. Overlays, painting, patching among
others generally are considered as part of the second
type. As a general rule of thumb, the better approach to
determine this costs and its service lives is by using
agency experience in conjunction with historical cost
data.

Rehabilitation costs may include full replacement
of bridge elements or even the whole superstructure.
Additionally, activities such as bridge widening or
collision damage repairs are considered rehabilita-
tions for most public agencies. This research is not
considering any future contingencies such as change
in specifications that involves widening, possible

TABLE 4.3
Summary agency costs—prestressed concrete elements costs

collisions during the service life of the asset, or
repairs due to hazards.

Depending on the superstructure type, different
activities could be considered. Concrete superstruc-
tures may require crack sealing or patching due
to wearing. According to INDOT experience, pre-
stressed superstructures tend to develop more beam
end atypical deterioration when construction joints
are used. On the other hand, steel superstructures
could have fatigue cracking or excessive section loss
due to corrosion. Actions needed to address such pro-
blems are considered as rehabilitation costs. However,
these working actions are only triggered due to the
operation of the asset and its prediction on new
bridges is a complex task that need historical data
and, statistical and probabilistic methodologies. These
problems could be avoided to some extend during the
design process, considering jointless bridges and ade-
quate fatigue detailing. This research is based on this
premises, which is the reason why those types of repairs
and retrofitting activities are not considered in any of the
cases analyzed. Determination of those costs then are
not needed.

As described in more detail in chapter 6, working
actions considered for the superstructure often involves
deck maintenance and rehabilitation. These costs are
obtained from the historical database mentioned earlier
in this document. Table 4.4 presents the cost values used
for different maintenance and rehabilitation activities
done in Indiana.

As shown in the table, activities such as overlays
and deck reconstruction involved more pay items
that need to be considered in order to obtain the final
cost. For instance, overlays as a maintenance activity

Type Area (in%) Unit Price ($/Ift) Type Area (in) Unit Price ($/1ft)
CB 12x 36 423 186.25 BT 78 x 60 1102 323.23
CB 17x36 471 207.38 BT 84 x 48 1100 322.64
CB 21 x 36 515 226.76 BT 84 x 60 1144 335.55
CB 27 x 36 581 255.82 HBT 36 x 49 878.2 257.59
CB 33 x 36 647 284.88 HBT 36 x 61 9324 273.48
CB 42 x 36 746 328.47 HBT 42 x 49 926.3 271.70
CB 12x 48 567 249.65 HBT 42 x 61 980.4 287.56
CB 17x48 603 265.50 HBT 48 x 49 974.3 285.77
CB 21 x 48 647 284.88 HBT 48 x 61 1028.4 301.64
CB 27 x 48 713 313.94 HBT 54 x 49 1022.3 299.85
CB 33 x 48 779 343.00 HBT 54 x 61 1076.4 315.72
CB 42 x 48 878 386.59 HBT 60 x 49 1070.3 313.93
BT 54 x 48 883 259.00 HBT 60 x 61 1124.4 329.80
BT 54 x 60 934 273.95 HBT 66 x 49 1118.3 328.01
BT 60 x 48 932 273.37 HBT 66 x 61 1172.4 343.88
BT 60 x 60 976 286.27 HBT 72 x 49 1166.3 342.09
BT 66 x 48 974 285.69 HBT 72 x 61 1220.4 357.96
BT 66 x 60 1018 298.59 1B Type I 276 121.52
BT 72x48 1016 298.01 IB Type 11 369 162.47
BT 72 x 60 1060 310.91 1B Type III 560 246.57
BT 78 x 48 1058 310.32 IB Type IV 789 347.40
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TABLE 4.4
Summary agency costs—maintenance and rehabilitation costs

INDOT
Item Unit Maximum ($) Minimum ($) Average ($) Weighted ($) Std Dev (8§) Data
Concrete C Superstructure yd? 898.76 354.25 589.04 565.03 109.61 354.00
Concrete Bulb-T Beam LFT 419.06 188.86 294.98 298.99 54.86 145.00
Concrete Box Beam SFT 320.99 139.03 241.37 241.51 55.66 132.00
Concrete I-Beam LFT 346.43 107.53 221.07 219.21 66.93 55.00
Structural Steel b 3.00 0.64 1.94 1.72 0.44 63.00
Reinforcing Steel 1b 1.34 0.65 0.96 0.92 0.12 150.00
Epoxy Reinforcing Steel Ib 1.40 0.74 1.05 1.02 0.13 324.00
Overlay SFT 56.29 29.27 40.65 39.64 5.92 —
Overlay SFT 16.05 6.04 10.57 9.95 2.28 226.00
Overlay Remove SFT 1.90 0.18 1.03 0.94 0.40 121.00
Hydro Demolition SFT 15.57 1.98 7.13 6.83 2.72 212.00
Overlay Additional SFT 22.76 21.07 21.92 21.92 0.51 263.00
Deck Patching—Partial Depth SFT 133.74 5.35 5341 37.97 56.77 276.00
Deck Patching—Full Depth SFT 118.09 1.03 47.68 37.23 29.23 328.00
Bearing Elastomeric Assembly UND 2,275.40 213.99 966.72 930.16 658.17 31.00
Deck Reconstruction SFT 88.55 25.37 48.67 47.41 15.25 —
Deck Reconstruction SFT 39.63 14.06 25.72 25.01 5.97 65.00
Present Structure, Remove SFT 48.92 11.31 22.95 22.40 9.29 63.00
Painting SFT 5.22 1.39 2.46 2.27 0.91 22.00
Cleaning (Deck) SFT Bowman and Moran (2015), 2.17 Orig data from 1999
Yanev and Richards (2011)
Sealing SFT Bowman and Moran (2015) 1.27 Orig data from 2013
Cleaning and Washing Bearing UND Morcous (2013) 222.28 Orig data from 2013
Jacking Superstructure Elements UND Bowman and Moran (2015), 2,552.50 Orig data from 2013
INDOT (2012), INDOT personnel

Spot Painting 15 Years SFT Fricker et al. (1999) 2.19 Orig data from 1999
Bridge Removal SFT Morcous (2013) 11.11 Orig data from 2013
Recycle Structural Steel 1b Actual market price 0.08 —

also involves the removal of the wearing surface,
a demolition activity alongside with the overlay
material needed, in this case latex modified concrete
as explained in chapter 6. Deck reconstruction on the
other hand, only involves and additional removal of
the present structure. Those additional activities are
summarized in Table 4.4.

4.5 Salvage Costs (SC)

Salvage cost is the value of the asset at the end of the
useful life. Depending on the material type it can be
considered as a cost or as a benefit at the end of the
analysis period. Usually, this value for concrete super-
structures is measured as costs related to the demolition
of the structure and its disposal. In contrast, the salvage
value for steel superstructures is taken as a benefit due
to the recycle capability of the structural steel. Usually,
market prices for structural steel recycling vary between
5 and 10 cents per pound recycled. It is true that
concrete demolition material could be used as rip rap
material in other parts of a project, however, the per-
centage used is often low. Despite that, INDOT does
not consider salvage value as an agency cost, rather, it is

considered as a contractor’s activity and therefore their
responsibility.

4.6 User Costs (UC)

These costs are attributable to the functional defi-
ciency of a bridge such as a load posting, clearance
restriction, and closure (Hawk, 2002). Then, a proper
way to address its estimation is to compute the cost
of vehicle operation (VOC) and travel time (TTC)
incurred due to detouring or traveling through narrow
bridges or assets with poor deck surface conditions.
According to Sinha et al. (2009) Indiana resumed user
costs due to three different deficiencies: load capacity
limitation, vertical clearance limitation, and narrow
bridge width. However, as related to the limitation, the
final cost will be the sum of VOC and TTC. It is true
that, as mentioned before, no contingencies other
than regular deterioration of the bridge are consid-
ered, however, maintenance or rehabilitation activ-
ities may affect user costs mainly due to narrow lane
traffic on and under the bridge. Nonetheless, and in
order to compute those costs, a deep understanding
of the traffic (quantities and type of vehicles), detour
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lengths, travel times and travel velocities is needed. As
specified earlier in this document, all bridge designs
have no specific location along any specific road. In
other words, traffic, velocity and detour assumptions
are not taken into account. Additionally, such assump-
tions are considered an oversimplification of the pro-
blem and could impact negatively the outcome of the
LCC comparison. More information about user costs
models can be found in Hawk (2002) and Sinha et al.
(2009).

5. DETERIORATION MODELS FOR INDIANA
BRIDGES

Deterioration curves are critical for development of
the BLCCA. Their accurate determination will lead to
more precise answers and better recommendations to
designers. The use of the NBI database to develop
deterioration curves is the most commonly utilized
practice. Since this study is focused only on the Indiana
bridge system administrated by INDOT, deterioration
curves will consider the Indiana NBI database. Accor-
dingly, deterioration curves made for the Indiana state
highway system by Moomen et al. (2016), Sinha et al.
(2009), and Cha, Liu, Prakash, and Varma (2016) will
be used.

In addition to the deterioration path for each
material type, a limiting condition rating needs to
be chosen in order to establish the lowest allowed

bound of deterioration. This lower bound could vary
depending on the budget allocation and availability.
According to INDOT experience, the threshold for
the state of Indiana is 4. Additionally, analyzing the
historical NBI database it is clear that a condition
rating of 4 is considered as the lowest deteriora-
tion limit before a major rehab or repair action is
scheduled. Consequently, for this research a condi-
tion rating of 4 is established as the threshold before a
major work action is needed.

Deterioration rates vary depending on the database
and method used to compute it. Nonetheless, it is clear
that deterioration rate is time dependent. Focusing on
steel structures only as shown in Figure 5.1, Moomen
et al. (2016) predicted that a steel bridge deteriorates to
a replacement state in less than 50 years. In contrast,
the constant deterioration rate Cha et al. (2016)
projected an age close to 90 years, while the deteriora-
tion curve used by Sinha et al. (2009) for the Indiana
Bridge Management System (IBMS) stated that this life
value is in the vicinity of 80 years for the same threshold
rating. Further analysis is needed, nonetheless, but steel
superstructure deterioration curves used in the IBMS
appear to fit better the historical data.

On the other hand, deck behavior appears to agree
closely with the curve fitting approach (Table 5.1).
Figure 5.2 shows the deterioration behavior of decks
using curve fitting (Moomen et al., 2016). Addition-
ally, the constant deterioration rate model and the
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Figure 5.1 Deterioration curves example for steel bridges.
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TABLE 5.1
Deterioration curves for cast-in-place concrete slab

Northern NHS SUPCR = 9.5820 — 0.27195 « AGE + 0.00874 « AGE? — 0.0000933 « AGE® — 0.1991 « INT — 0.17981 «
SERVUNDER — 0.71169 « FRZINDX
Non-NHS SUPCR = 8.85183 — 0.22032 « AGE + 0.00598 « AGE* — 0.00005627 « AGE® — 0.11229 « ADTT
Central NHS SUPCR = EXP (2.10113 — 0.01135 « AGE — 0.01968 « INT — 0.01845 « SPANNO)
Non-NHS SUPCR = EXP (2.13095 - 0.01255 « AGE —0.00027854 « SKEW —0.01169 « SPANNO —0.0933 « ADTT
Southern NHS SUPCR = 8.1804 — 0.02287 « AGE — 0.00058022 « AGE” — 0.06369 « SPANNO — 0.00942 « LENGTH —
0.74059 « FRZINDX — 0.29919 « ADTT
Non-NHS SUPCR = 9.00 — 0.09891 « AGE + 0.00108 + AGE? — 0.00000876 « AGE*> — 0.00458 « SKEW — 0.11453 «

SPANNO - 1.01643 « FRZINDX — 0.21873 « ADTT

Source: Moomen et al. (2016).

Condition rating

CONCRETE SLABS (Moomen et al 2016)
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Figure 5.2 Deck deterioration examples.

IBMS deterioration curves both propose different
deterioration paths depending on the superstructure
material type. In contrast, curves used by Moomen
et al. (2016) indicates that superstructure material
type is not a factor that affects the deterioration
behavior. As shown in the figure, the service life pro-
posed by this approach (service life when a condition
rating of 4 is achieved) is close to 37 years. The like-
lihood of programing a deck replacement at a much
greater service life is low according to actual data and
INDOT experience, and it is often scheduled between
30 and 40 years. This means the deterministic method
can be used reliably.

Deterioration curves for concrete superstructures are
presented in Figures 5.3, 5.4, and 5.5. As explained in
analyses for decks and steel structures, three different

approaches are considered: Moomen et al. (2016),
Sinha et al. (2009), and Cha et al. (2016). Moomen et al.
(2016) present different deterioration curves depending
on the superstructure structural type. However, thresh-
old rating age for different structural types lies between
55 and 65 years not only for the curve fitting approach
but also for the constant deterioration rate method
(Cha et al., 2016). In contrast, IBMS deterioration curve
reaches a condition rating of 4 at 80 years. INDOT
experience indicate that is unlikely to have a concrete
superstructure older than 70 years without any rehabi-
litation or repair. Deterioration models proposed by
Moomen et al. (2016), appear to better reflect the com-
mon practices in Indiana for concrete superstructures.
Deterioration curves are used to predict mainte-
nance, rehabilitation and reconstruction scheduling for
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Figure 5.3 Deterioration curves example for concrete slab bridges.
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Figure 5.4 Deterioration curves example for prestressed con

each of the design options considered. For concrete
structures, models proposed by Moomen et al. (2016)
were selected. Additionally, the model for steel struc-
tures corresponds to curves proposed by Sinha et al.
(2009). Once an element reaches the threshold for each

20

crete beam bridges.

condition, a jump in the condition rating will be
assumed and the deterioration afterwards will follow
the correspondent curve (see Figure 2.4). Final dete-
rioration profiles will be used to allocate agency and
user costs during the BLCCA process.
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Figure 5.5 Deterioration curves example for prestressed concrete box bridges.

6. LIFE-CYCLE COST PROFILES FOR INDIANA
BRIDGES

For concrete structures, deterioration models pro-
posed by Moomen et al. (2016) are used. For concrete
slabs, the model projected a service life of 58 years. Pre-
stressed structures are divided into two structural types;
pre-stressed concrete beams with a service life of
65 years and pre-stressed concrete boxes with a service
life of 60 years. In contrast, steel structures service life is
projected to be 80 years, according to the model pro-
posed by Sinha et al. (2009). These expected lives limit
the life cycle of the structure and are the basis of
profiles proposed.

As discussed before, working actions considered in
the superstructure often involves deck interventions.
For this reason, preventive and maintenance activities
for decks must be considered in the life cycle of the
superstructure. Working actions recommended include
cleaning and washing of the deck surface, deck and
crack sealing, deck patching and deck overlays. In
addition, joint maintenance needs to be addressed for
bridge decks. However, this working action is not
considered since all continuous bridges were designed
jointless. Further information about costs, maintenance,
scheduling and life cycle of different alternatives for joint
replacement is discussed in the report by Bowman and
Moran (2015).

The research Soltesz (2003) concludes that a decrease
of chloride content for decks is only appreciable if it is
washed on a daily basis, which is not practical or cost-
effective. However, ACI Committee 345 (2016) recom-
mends washing the exposed surfaces on a yearly basis in
order to avoid extreme deterioration. Therefore, and
following the recommendations made by Bowman and

Moran (2015) to INDOT, washing, and cleaning of the
deck surface is considered on a yearly basis schedule.

Deck sealing has been proven to be beneficial
to extend decks service life (Frosch, Kreger, Byl,
Lyrenmann, & Pollastrini, 2016). However, INDOT
regular bridge maintenance current practice only
considers it during deck constructions or reconstruc-
tions (Bowman & Moran, 2015). Soriano (2002) and
Mamaghani et al. (2007) stated that the first sealing
process should be done within 3 to 6 months after
construction, with justification to consider it at year 0
or simultaneously with deck reconstructions. Regular
use of sealants could extend the initial life of a deck
up to 40 years according to Zemajtis and Weyers
(1996). However, sealants depending on the fabrica-
tor, weather conditions, and traffic wearing have
different service lives. Sealant service life expectancy
varies from 5 to 10 years (based on studies made by
Weyers, Prowell, Sprinkel, & Vorster, 1993; Zemajtis
& Weyers, 1996; Meggers, 1998; Soriano, 2002;
Mamaghani et al., 2007; Wenzlick, 2007; and ACI
Committee 345, 2016) and need to be replaced rou-
tinely. Both Bowman and Moran (2015), and Frosch
et al. (2016) recommended that Indiana bridge decks
to be resealed every 5 years for high traffic roads.
Consequently, profiles considering deck sealing
every 5 years and a deck overlay after 40 years are
considered.

Concrete deck patching involves the removal of
contaminated concrete down to the level of the rein-
forcement steel in the affected area, followed by steel
cleaning and replacement if necessary, and installation
of the final patch with new high-quality concrete or
mortar with low permeability (Olek & Liu, 2001). There
are some disadvantages using this method that are
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related mostly to the incomplete or insufficient removal
of concrete in the affected area. In Indiana, some decks
have experienced significant corrosion processes after
only 7 years from the reparation according to Olek and
Liu (2001). This repair action must be performed as
early as possible in order to avoid accelerated corrosion
problems. Bowman and Moran (2015) proposed a
10-year life cycle for patching repairs for bridge decks
areas with no more than 10% of the total deck surface
repaired. Additionally, as considered by Weyers et al.
(1993) in their proposed life-cycle models, an increase
in maintenance cost due to progressive deterioration
needs to be considered.

Among the numerous deck protection systems that
are available, overlays are considered as one of the
most cost-effective options since the early 1980s (Craig,
O’Conner, & Ahlskog, 1982). There are different types
of overlays: Portland cement overlays, polymer, and
epoxy mortars or concretes and polymer impregna-
ted concrete (ACI Committee 224, 2001). As noted by
Frosch, Blackman, and Radabaugh (2003) “Portland
cement overlays include low-slump dense concrete
(LSDC), polymer-modified concrete (also called latex-
modified concrete) and fiber-reinforced concrete (FRC).
Latex modified concrete overlays are the most common
type found in Indiana.” Polymer-impregnated concrete
overlays will not be discussed in this report as they have
not become generally effective, economical, or practical
(ACI Committee 224, 2001). Asphaltic concrete overlays
are relatively porous and, by themselves, do not pro-
vide an effective seal. This porosity entraps salt-laden
moisture, which, in the absence of an effective deck
sealer, can promote deck deterioration (ACI Commitee
345, 2016). The current INDOT policy considers the
service life of the deck surface to be between 20 or
25 years, followed by a deck re-placement after 15 to
20 years (Bowman & Moran, 2015). This policy does
not include deck maintenance activities. To conclude,
latex modified concrete overlays after 25 years of bridge
construction followed by deck reconstruction after
20 years is considered. The service life of over-lays after
a bridge repair activity will be considered as 20 years as
a lower bound.

Maintenance activities on the superstructure vary
depending on the material type and in some cases on
the structural type chosen. There are some activities
that can be considered as common regarding those two
characteristics. Bearing maintenance and replacement
is one of them. Different bearing types are available
such as elastomeric bearings, cotton duck pads, sliding
bearing, manufactured high load multi-rotational
bearings and mechanical steel bearings among others
(Azizinamini, Power, Myers, & Ozyildirim, 2014). How-
ever, INDOT generally only uses two types of devices:
for concrete members elastomeric pad devices, and for
steel structures elastomeric and steel bearings (INDOT,
2014). This research only will consider elastomeric
devices as a common bearing type for all structural
designs. Preventive maintenance activities such as
cleaning, washing, and flushing are commonly used

for elastomeric bearings on a biannual basis (Bowman
& Moran, 2015).

The service life of elastomeric devices when they are
well maintained, constructed and designed can last as
long as the structure (Lee, 1994; Azizinamini et al.,
2014). However, in order to achieve a service life of 100-
plus-years, more emphasis must be placed on manu-
facturing quality (Azizinamini et al., 2014). Aria and
Akbari (2013) proposed a service life between 30 to
50 years, while Azizinamini et al. (2014) based on sur-
veys across the United States report a service life of
between 50 to 75 years. Case scenarios used in the
BLCCA includes a bearing replacement after 60 years
in conjunction with the appropriate preventive main-
tenance, and bearing replacement without maintenance
every 40 to 55 years.

Additionally, steel structures could be subjected
to preventive superstructure washing, spot painting or
full beam recoating. However, superstructure washing
is not considered in the LCCA profiles. Conversely,
spot painting and recoating procedures need to be per-
formed on a regular basis.

Protection against corrosion for steel structures
includes painting, metalized coat, galvanization and
weathering steel use. Among them, painting is the most
common coating system to protect carbon steel bridges
due to its relatively low initial cost and simplicity of
application (Bowman & Moran, 2015). Fricker, Zayed,
and Chang (1999) conducted an extensive evaluation of
on steel bridge maintenance practices using different
types of painting procedures and coatings. Deterio-
ration curves and LCCA were conducted. LCCA com-
putation showed that the most cost-effective painting
system is the three-coat painting system (Zayed, Chang,
& Fricker, 2002). The service life of initial painting
could vary from 30 to 50 years, however, repainting
maintenance may not be as effective, and will generally
last between 20 to 30 years as described by Soliman
and Frangopol (2015). Internal communication with
INDOT personnel indicates that for Indiana steel brid-
ges the initial painting service life is assumed as 35 years
and the repainting service life as 20 years.

Spot painting activities involves the treatment of a
small damaged region of the painted area. Some
researchers have studied the cost-effectiveness of the
spot painting in comparison with the repainting
alternative. Fricker et al. (1999) proposed that the
best re-habilitation scenario is to perform spot repairs
every 15 years instead of replacing the coating with
a total recoating option currently used by INDOT.
Tam and Stiemer (1996) performed an LCCA includ-
ing spot painting, overcoat, and full recoat. They
conclude that “spot repair is the most cost-effective
method for rehabilitating the corrosion resistance of a
steel bridge.” Bowman and Moran (2015) proposed a
maintenance practice that includes a two coat system
(using a primer and a top coat) as part of spot
painting that is performed every 10 years in areas not
larger than 10% of the exposed area.
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The combination of all the working actions descri-
bed before to an applicable structure leads to a unique
life-cycle profile. Different alternatives were consid-
ered for each of the superstructure types analyzed,
leading to the optimal life-cycle profile for each one
of them based on lower present values computed
using BLCCA. All the life-cycle profiles considered
are presented in Appendix D: Life-cycle Profiles
for Indiana Bridges. The most cost effective profile
for each superstructure type was chosen and then used
to compare cost effectiveness of various superstruc-
ture types. Those profiles used are illustrated as
follows:

® Slab bridges (see Figure 6.1). Cleaning and washing as a
regular annual activity (showed as a shaded area in the
figures herein). Crack sealing and cleaning every 5 years
since the bridge construction. A deck overlay at 40 years.
Finally, a bridge superstructure replacement at the end of
its service life (58 years).

® Prestressed concrete I beams with elastomeric bearings
(see Figure 6.2). Cleaning and washing of the deck as
a regular annual activity. Crack sealing and cleaning
of the deck every 5 years since the bridge construction.
A full deck replacement at 40 years along with bearing
replacements. Finally, a bridge superstructure replace-
ment at the end of its service life (65 years).

Bridge Construction

Cleaning and Sealing

| [ 1| ]|

® Pre-stressed concrete box beams (see Figure 6.3).
Cleaning and washing of the deck as a regular annual
activity. Crack sealing and cleaning of the deck every
5 years since the bridge construction. A full deck replace-
ment at 40 years along with bearings replacements.
Finally, a bridge superstructure replacement at the end of
its service life (60 years).

® Steel superstructures (see Figure 6.4). Cleaning and
washing of the deck as a regular annual activity. Crack
sealing and cleaning of the deck every 5 years since
the bridge construction. One bearings replacement at
40 years. A full deck replacement at 40 years. Spot pain-
ting every 10 years on less than 10% of the exposed beam
area. Finally, a bridge superstructure replacement at the
end of its service life (80 years).

Through discussion with INDOT personnel, it was
noted that accelerated deterioration at beams ends is
one of the main reasons of why prestressed elements
show shorter service lives compared with structural
steel elements. One option to avoid this abnormal
deterioration is to eliminate beam end joints and cast
diaphragms over the piers and use integral end abut-
ments. This alternative will undoubtedly extend the
service life of prestressed structures. For the purpose
of this study, it is assumed that this activity will
extend the service life of these type of superstructures

Bridge Reconstruction
Deck overlay

Cleaningand Sealing

| 1 11|

Cleaning/washing
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Figure 6.1 Life-cycle profile for slab bridges.
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Figure 6.2 Life-cycle profile for prestressed concrete I beams with elastomeric bearings.
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Figure 6.3 Life-cycle profile for prestressed concrete box beams with elastomeric bearings.
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Figure 6.4 Life-cycle profile for steel structures.

up to the same value used for structural steel ele-
ments, which is 80 years, and is an extension of 15
years of the service life. Therefore, life-cycle profiles
including this improvement are also considered,
adding the corresponding diaphragm initial cost to
the alternative analyzed. In addition, SDCL system
service life is also extended in the same proportion
since the system itself is based on the same principle of
integral abutments and intermediate pier diaphragms,
making its service life 95 years. Consequently, profiles
chosen to compare its cost effectiveness are the
following:

® Steel superstructures SDCL (see Figure 6.5). Cleaning
and washing of the deck as a regular annual activity.
Crack sealing and cleaning of the deck every 5 years
since the bridge construction. A full deck replacement at
50 years. Spot painting every 10 years less than 10% of

I o o | o leo

the exposed beam area. Finally, a bridge superstructure
replacement at the end of its service life (95 years).

® Prestressed concrete I beams including diaphragms (see
Figure 6.6). Cleaning and washing of the deck as a
regular annual activity. Crack sealing and cleaning of
the deck every 5 years since the bridge construction.
A full deck replacement at 40 years. Finally, a bridge
superstructure replacement at the end of its service
life (80 years).

Finally, section loss due to corrosion for steel super-
structures is considered as one of the main reasons for
deterioration. Therefore, corrosion protection is impor-
tant to enhance service lives in these type of super-
structures. Different alternatives have been considered
including painting, weathering steel, metallization and
galvanization. The life-cycle cost profile (LCCP) pre-
sented in Figure 6.4 only depicts the painted alternative.
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Figure 6.6 Life-cycle profile for prestressed concrete I beams including diaphragms.
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Figure 6.7 Life-cycle profile for galvanized steel structures.

However, the usage of other corrosion protection systems
could increase the service life of steel elements signifi-
cantly. According to the American Galvanizers Associa-
tion (2015), for suburban environments, a zinc average
thickness of 4.0 mils or more could extend the service life
of the initial coating up to 100 years or more. This repre-
sents an extension of the service life of 20 years compared
with the painted elements. Accordingly, equivalent exten-
sion in the service life is considered for the SDCL galva-
nized option with integral end abutments, improving its
service life to 115 years. Consequently, profiles chosen to
compare its cost effectiveness are the following

® Steel superstructures—galvanized (see Figure 6.7). Clean-
ing and washing of the deck as a regular annual activity.
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Crack sealing and cleaning of the deck every 5 years
since the bridge construction. One bearing replacement
at 50 years. A full deck replacement also at 50 years.
Finally, a bridge superstructure replacement at the end of
its service life (100 years).

Steel superstructures SDCL—Galvanized (see Figure 6.8).
Cleaning and washing of the deck as a regular annual
activity. Crack sealing and cleaning of the deck every
5 years since the bridge construction. Full deck replace-
ments at 40 and 80 years. Finally, a bridge superstructure
replacement at the end of its service life (115 years).

It is important to mention that continuous steel
galvanized beam structures with integral end abutments
are not considered in this study due to its cost-
effectiveness. As it can be seen in Chapter 7 results

25



Bridge Construction Dech Replacement

Cleaningand Sealing

NN

Cleaningand Sealing

Deck Replacement

Bridge Reconstruction

| ] | ! . b )
|

[ciearing/washing

T = T ® I ® I k T & I

Life-cycle (Years)

W 1 ® 1 &k T = T =

Figure 6.8 Life-cycle profile for galvanized steel structures SDCL.

for the case of SDCL, if galvanized and painted options
are compared, the extension in service life due to
galvanization involves an additional deck reconstruc-
tion, that impact negatively the cost effectiveness of
this alternative. Following this trend, it is assumed that
the extension in the service life due to the inclusion of
integral end abutments for continuous steel galvanized
structures will also require an additional deck recon-
struction that will impact negatively the final outcome
of this alternative.

7. LIFE-CYCLE COST ANALYSIS FOR INDIANA
BRIDGES

Results of the bridge design, cost allocation, and
deterioration curves were used to create the BLCCA for
each design option. Those investigations will be the
starting point for recommendations made to designers
based on BLCCA.

Sinha et al. (2009) developed a Life-Cycle Cost
module for the Indiana bridge management system
(IBMS) called LCCOST. The outcome of this module
is the difference in expected life-cycle costs with or
without the decision tree module recommendation
(maintenance/rehabilitation/reconstruction). Neverthe-
less, LCCOST does not compare different alternatives
for the same project in terms of life-cycle costs. This
study can be understood as a complementary tool
for agencies rather than an extension to the modules
created for the IBMS.

Life-cycle profiles indicate not only the possible
location for each major and routine working actions,
but they also indicate the length of the life-cycle itself.
Depending on the type of material, structural type and
major work actions considered, the length of the life
cycle could vary. In order to compare different options
using BLCCA, there is a need to establish a comparable
service life for all alternatives. If two alternatives with
different service lives are to be compared, the least
common multiple of the two estimated service lives of
the two alternatives must be used according to Grant
and Grant-Ireson (1960). However, it is assumed that
in the case of highway assets with long service lives
like bridges, it is likely to replace the structure in
the same place over and over again rather than replace
it in different locations each time. This factor implies
that the life cycle is recurrent independent of the
structure type used.

Consequently, it can be assumed that each alter-
native will be indefinitely replaced, in other words in
perpetuity. Fwa (2006) and Thompson et al. (2012)
both describe methods to compute the present worth of
life-cycle cost in perpetuity. Equation 7.1 shows Ford’s
alternative, where P, is the present worth of LCCA in
perpetuity (LCCAP for further reference), P is the life-
cycle cost of a single service life at the beginning of the
SL, i is the interest rate used and is the service life in
years of each option. Using this equation, it is possible
to compare different alternatives with different service
lives in terms of life-cycle costs.

~SL
= % (Equation7.1)
(14> —1
It is important to clarify that all analyses and
alternative cost considerations are made in constant
dollars as is commonly done for economic analysis.
Inflation rates will not be considered “on the assump-
tion that all costs and benefits of various alternatives
are affected equally by inflation” (Sinha & Labi, 2011).
However, if it is considered that the inflation will affect
the future costs differently of a given alternative, then
such adjustment, need to be made according to the
American Association of State Highway Transporta-
tion Officials (AASHTO, 1978).

7.1 Interest Rate, Inflation, and Discount Rate

A generalized engineering economic principle states
that all analyses that are based on the value of money is
strictly related to the time during which the value is
considered. In other words, a given amount of money
does not have the same value in the present than it
has in the past or the future due to the combination of
the inflation and the opportunity cost that affect the
value of money over time. On one hand, inflation (f)
is the increase of prices of goods and services with
time and is reflected by a decrease in the purchasing
power of a given sum of money at a current period.
On the other hand, opportunity cost is the income
that is foregone at a later time by not investing a given
sum of money at a current period, Sinha and Labi
(2011).

Interest (i) is the value that represents the amount by
which a given sum of money differs from its future
value. In other words, it is the price of borrowing
money or the time value of money. Additionally, the
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change of interest over a time (interest rate) used to
compute the present value of a future sum or cash flow
is known as discount rate. By definition, inflation has
to be included when the discount rate needs to be
determined. However, and as specified before, it is
assumed that inflation will affect all costs the same,
which is the reason why inflation is not considered or
taken as 0%.

Discount rates differ depending on the economic
activity analyzed. For instance, the discount rate
used for social analyses is often different than that
used for highway asset management. Some econo-
mists have suggested that the long-term true cost
of the money to be between 4% and 6% (Craig
et al., 1982). The value often used for highway bridge
management according to the Indiana Department
of Transportation is 4% (INDOT, 2013; Bowman &
Moran, 2015).

7.2 Interest Equations and Equivalences

According to Sinha and Labi (2011), interest
equations known also as equivalency equations are the
relationships between amounts of money that occur at
different points in time and are used to estimate the
worth of a single amount of money or a series of
monetary amounts from one time period to another to
reflect the time value of money. All relationships
involve some of the following five basic factors: P,
initial amount; F, amount of money at a specified
future period; 4, a periodic amount of money; i, the
interest rate or discount rate for the compounding
period; and N, a specified number of compounding
periods or the analysis period.

7.2.1 Single payment compound amount factor
(SPACF)

Finding the future compounded amount (F) at the
end of a specified period given the initial amount (P),
the analysis period (V) and interest rate (i), is given by
Equation 7.2.

F=PxSPACF, SPACF=(1+i)" (Equation7.2)

7.2.2 Single payment present worth factor (SPPWF)

Finding the initial amount (P) that would yield a
given future amount (F), at the end of a specified
analysis period (N) given the interest rate (i), is given by
Equation 7.3.

P=F xSPPWF, SPPWF = (Equation 7.3)

1
(1+i)Y
7.2.3 Sinking fund deposit factor (SFDF)

Finding the uniform yearly amount (4) that would
yield a given future amount (F), at the end of an

specified analysis period (V) given the interest rate (i), is
given by Equation 7.4.

A=F x SFDF, SFDF = (Equation 7.4)

l
1+)HN—1

7.2.4 Uniform series compound amount factor (USCAF)

Finding the future compounded amount (F) at the
end of a specified period given the annual payments
(A), the analysis period (N) and the interest rate (i), is
given by Equation 7.5.

AN
F—Ax USCAF, USCAF = L0 —1
1

(Equation 7.5)

7.2.5 Uniform series present worth factor (USPWF)

Finding the initial amount (P) that is equivalent to
a series of uniform annual payments (A4), given the
analysis period (V) and the interest rate (i), is given by
Equation 7.6.

(14+i)N—1

P=Ax USPWF, USPWF = ~
i(1+1)

(Equation 7.6)

7.2.6 Capital recovery factor (CRF)

Finding the amount of uniform yearly payments (4)
that would completely recover an initial amount (P), at
the end of the analysis period (N) given the interest rate
(i), is given by Equation 7.7.

i(1+)N

A=Px CRF, CRF = ~
(1+0)V—1

(Equation 7.7)

7.3 Life-Cycle Cost Analysis Comparison

There are several criteria used to assess the economic
efficiency of a project. Some of them are listed as:

® Present worth of cost (PWC)

® Equivalent uniform annual cost (EUAC)

® Equivalent uniform annual return (EUAR)

® Net present value (NPV)

® Internal rate of return (IRR)

® Benefit-cost ratio (BCR) Procedure proposed

The first two indicators of economic efficiency are
applicable when all alternatives have a similar expected
level of benefits and cost minimization is the main
objective of the analysis. However, the alternatives
analyzed in this document do not have the same level of
benefits, as demonstrated by the salvage value for each
superstructure type. The last two criteria require a solid
estimation of the benefits resulting from the implemen-
tation of the alternatives analyzed. Therefore, a com-
plete socio-economic analysis is needed. Such an
analysis is outside of the scope of this project and
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requires a specific location for the alternative chosen.
As a consequence, EUAR and NPV are the most
common indicators used, however, only NPV is the
approach used in this study.

7.3.1 Equivalent uniform annual return (EUAR)

The EUAR is the combination of all costs and
benefits expected from a project expressed into a single
annual value of return over the analysis period. This
method is useful when all the alternatives have different
level of cost or benefits, or when the analysis periods
differ from one option to the other.

7.3.2 Net present value (NPV)

The NPV is understood as the difference between the
present worth of benefits and the present worth of
costs. Basically, this method represents the value of the
project at the time of the base year of the analysis
period or the year of the decision making. NPV is often
considered as the most appropriate of all economic
efficiency indicators because it provides a magnitude of
net benefits in monetary terms (Sinha & Labi, 2011).
Therefore, the alternative with the lowest NPV is con-
sidered the most economically efficient. For the case
of this study, costs are treated as positive values and
benefits as negative values. Consequently, the lowest
value of NPV is desired.

7.4 Life-Cycle Cost Analysis Example—Simply
Supported Beams Configuration: 30-ft Span

This section describes the procedure used for the
computation of the LCCA and the indicator of
economic efficiency. Information needed is the follow-
ing: Alternatives considered (as described in section 3.2),
bridge designs (see Appendices B and C), service life
depending on the superstructure type (per Chapter 5),
life-cycle profiles and working action scheduling (see
Chapter 6), agency costs (described in Chapter 4) and
finally, the LCCA strategy including discount rate and
comparison criteria as mentioned earlier in this chapter.

As a general outline, this example is performed using
the following procedure. First, computation of the
initial cost for all the alternatives is assembled. Then a
LCCA of different profiles for one superstructure
alternative is conducted to show the procedure used
for the selection of the definitive profile. After that,
computation of the LCCA for the different super-
structure type alternatives is done, followed by the
estimation of the LCCAP of each one of them. Finally,
a graphical representation of the comparison is shown
for all the configuration and span ranges, so that the
results can be compared and discussed.

7.4.1 Superstructure types—Initial cost estimation

Following the design plan shown in Table 3.1, six
different superstructure types are considered for the

simply supported configuration in span range 1, and
specifically for a span length of 30 ft. Types considered
are the following: slab bridge, structural steel rolled
beam bridge (5-beam configuration alternative), struc-
tural steel rolled beam bridge (4-beam configuration
alternative), prestressed concrete AASHTO beams
bridge, structural steel FPG bridge, and prestressed
concrete box beam bridge. As mentioned before in this
document, barriers and other miscellaneous elements
are not considered in the initial cost estimation. Thus,
the only costs considered are those for concrete for the
superstructure (slab), reinforcing steel, structural steel,
and prestressed concrete elements. The costs used are
shown in Table 4.2 and Table 4.3. Quantities were
obtained from the designs drawings shown in the
Appendix C. Critical features for each of the designs
alternatives are noted below.

® Slab bridge: Total concrete slab thickness of 17.5 in
including sacrificial surface. Longitudinal reinforcing
steel (parallel to direction of the traffic): #5 @ 8" top
and #8 @ 5" bottom. Transverse reinforcing steel
(perpendicular to direction of the traffic): #5 @ 8.0
top and bottom.

® Structural steel rolled beams (5 beams).: Total concrete
slab thickness of 8.0 in including sacrificial surface.
Transverse reinforcing steel (perpendicular to direction
of the traffic): #7 @ 5.0"” top and #5 @ 7.0” bottom.
Longitudinal reinforcing steel (parallel to direction of the
traffic): #5 @ 7.0” top and bottom. Five (5) W18 x 65
beams separated by 9.5 ft.

® Structural steel rolled beams (4 beams).: Total concrete
slab thickness of 8.0 in including sacrificial surface.
Transverse reinforcing steel (perpendicular to direction
of the traffic): #7 @ 4.0" top and #5 @ 5.0” bottom.
Longitudinal reinforcing steel (parallel to direction of the
traffic): #5 @ 7" top and bottom. Four (4) W18 x 76
beams separated by 12.5 ft.

® Prestressed concrete AASTHO beams: Total concrete
slab thickness of 8.0 in including sacrificial surface.
Transverse reinforcing steel (perpendicular to direction
of the traffic): #5 @ 4.0"” top and #5 @ 8.0” bottom.
Longitudinal reinforcing steel (parallel to direction of the
traffic): #5 @ 8.0” top and bottom. Six (6) type I
AASHTO beams separated by 7.5 ft.

® Structural steel FPG (6 beams): Total concrete slab
thickness of 8.0 in including sacrificial surface. Trans-
verse reinforcing steel (perpendicular to direction of the
traffic): #5 @ 5.0” top and #5 @ 8.0” bottom. Longi-
tudinal reinforcing steel (parallel to direction of the
traffic): #5 @ 8.0" top and bottom. Six (6) FP60 x 12 x 1/
2 beams separated by 7.5 ft.

® Structural steel FPG (4 beams): Total concrete slab
thickness of 8.0 in including sacrificial surface. Trans-
verse reinforcing steel (perpendicular to direction of the
traffic): #7 @ 4.0" top and #5 @ 5.0" bottom. Longi-
tudinal reinforcing steel (parallel to direction of the
traffic): #5 @ 7.00 top and bottom. Four (4) FP72 x 17 x
1/2 beams separated by 12.5 ft.

® Prestressed concrete box beams: Total concrete slab
thickness of 8.0 in including sacrificial surface. Trans-
verse reinforcing steel (perpendicular to direction of the
traffic): #5 @ 5.0” top and #5 @ 7.0" bottom. Longi-
tudinal reinforcing steel (parallel to direction of the
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TABLE 7.1

Initial cost—simply supported beam, span length 30 ft

Type Width, ft Total ($)
Slab Bridge 43 51,438
Steel Beam (5B Painted) 43 59,464
Steel Beam (4B Painted) 43 59,224
Steel Beam (5B Galvanized) 43 62,511
Steel Beam (4B Galvanized) 43 62,234
PS Concrete Beam (Bearings) 43 59,747
PS Concrete Beam (Diaph inc) 43 73,639
Folded S Plate (6B Galvanized) 43 67,921
Folded S Plate (4B Galvanized) 43 62,790
Concrete Box 43 75,404

traffic): #5 @ 8.0” top and bottom. Five (5) box beams
CB17 x 48 separated by 9.5 ft.

Based on the descriptions of the design features for
each of the alternatives, the construction costs can be
obtained. The initial cost for all the alternatives is
shown in Table 7.1. Since the construction is considered
at year 0, this value does not need to be discounted to a
present value. However, if Equation 7.1 is to be used to
calculate the LCCA, all costs need to be projected to
the end of the service life and then converted to a single
present value using the present worth in perpetuity
factor. This methodology is used in the Appendix E.
Nonetheless, for the example given, present values will
be used to compute the single life-cycle cost of the
alternative, then this amount is projected to the end of
the service life using the SPACF (Equation 7.2), and
finally the LCCAP is obtained (Equation 7.1).

7.4.2 Life-cycle profile selection and TLCC estimation

Different maintenance schedules were considered for
each superstructure type that resulted in different life-
cycle profiles. The minimum TLCC among all the
different alternatives per superstructure type is then
used for comparison with other superstructure types.
Therefore, the lowest value corresponds to the most
cost effective option for that specific span length. All
the different profiles used can be seen in Appendix D.
For this illustrative example, only one superstructure
type is detailed (slab bridge). For the remaining types
only the most cost-effective profile is shown.

Working actions considered for the slab bridges
are described below. Various combinations of all of
them are presented in the life-cycle profiles shown in
Figure 7.1.

® Cleaning and washing of the deck: Only the current
INDOT practice is taken into account. The procedure is
performed on a yearly basis.

® Deck overlay: Two different alternatives were considered:
Alternative A involves a first overlay after 25 years of
original construction, then 25 years of overlay service
life. Due to the limited service life of this type of
superstructure, only two overlays are considered.
However, INDOT policies indicates that a slab bridge
could stand up to three different overlays if needed until

the end of its service life. Alternative B involves a single
overlay after 40 years of construction along with a
process of sealing and cleaning of the deck surface every
5 years.

® Sealing and cleaning of the deck surface: INDOT current
policy contemplate the sealing and cleaning of the deck
surface only after the construction/reconstruction of the
deck, it means it is considered at year 0 exclusively for
slab bridges. Alternative practice involves performing
this procedure every five years for the service life of the
bridge.

® Deck patching: Deck patching is considered for 10% of
the total deck surface area. This working action is
performed every 10 years.

® Bridge reconstruction: At the end of the service life (58
years).

Using the profiles shown in Figure 7.1, the interest
equivalences proposed in section 7.2, and the agency
costs summarized in Table 4.4, it is possible to obtain
the present value of all the working actions predicted.

Current INDOT practice. This option involves a deck
overlay (OC) at 25 and 50 years, plus sealing and
cleaning of the deck surface (SCC) at the beginning of
the service life, and washing of the deck surface (WC)
on a yearly basis, plus the initial cost (IC) and the
removal of the bridge cost (BRC). The present value of
this alternative can be obtained as follows:

TLCCA[”NDOTZIC-FPV( WC) +SCC+PV(0C)

+ PV (BRC) (Equation 7.8)

IC=%$51,438
PV(WC)=wcx USPWF (4%, 58years) (Equation7.9)

PV(WC)=8217/52(30f1 x 43f1)

(1 +4%)58years -1

- =$62,787
4%(1+4%)58yeam

SCC=sex Area=3127/2(30f1 x 43f1) =$1,638

(Equation 7.10)

PV(OC) =0 x SPPWF (4%, 25)

+0x SPPWF(4%,50) (Equation7.11)

1
_r
(1+4%)>

PV(0C) =939-64/02(30f1  40f1)

+$39.64/ﬁ2(30fz x 40f1)

PV (0OC)=5$24,537
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Figure 7.1 Slab bridge life-cycle profiles. (a) INDOT current practice, (b) Alternative A: initial extended deterioration, and (c)
Alternative B: deck patching.

PV (BRC)=brx SPPWF (4%, 58) TLCC 4 inpor =$51,438 + 362,787+ $1,638
_$11.11/,.5(30f x 4377 1 +$24,537+$1,474=$141,874
/f2 (301 f)(1+4%)58
(Equation 7.12) Alternative A: Initial extended deterioration. This

option involves a deck overlay (OC) at 40 years, plus
sealing and cleaning of the deck surface (SCC) every
5 years since the bridge construction, and washing of
the deck surface (WC) on a yearly basis, plus the initial
cost (IC) and the removal of the bridge cost (BRC).

PV (BRC)=$1,474
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The present value of this alternative can be obtained as
follows:

TLCCyys=IC+PV(WC)+PV(SCC)+PV(OC)
+ PV (BRC) (Equation 7.13)

IC=$51,438

PV (WC)=wcx USPWF (4%, 58years)

(1 +4%)58}’c'urs 1
4% (1 +4%) ™

(Equation 7.14)

_ $2.17/ﬁ2(30fz x 43ft)

PV(WC)=$62,787

PV(SCC)=3_\'se x SPPWF (4%, )

_ Z’l‘se x SPPWF (4%, yy)
(Equation 7.15)

0
5

40
- ,.—=J 10 -
YT {SL}

SL

PV(SCC)= $1~27/ﬁz(30fz x 43f7)

LS S 1 .
(1+4%)°  (1+4%)°  (1+4%)"°

1 ) _ $1.27/ﬁ2(30ﬁ x 43f1) <

_|_ - @@ - @@
(1+4%) (1+4%)"

1
+ -
(1 +4%)58)
PV(SCC)=$7,984

PV(OC)=0xSPPWF(4%,40) (Equation7.16)

PV(OC)=$9,908

PV (BRC)=br x SPPWF (4%, 58)

- 1
—STL11 /0 Gof ><43ﬂ)m

(Equation 7.17)

PV (BRC)=$1,474
TLCC 44 =$51,438+ $62,787 + $7,984
+$9,908 4 $1,474 =$133,591

Alternative B: Deck patching. This option involves a
deck overlay (OC) at 30 years, plus sealing and cleaning
of the deck surface (SCC) at the beginning of the service
life, plus full depth patching of the deck (PC) every
10 years since the bridge construction (10% of the deck
surface), and washing of the deck surface (WC) on a
yearly basis, plus the initial cost (IC) and the removal
of the bridge cost (BRC). The present value of this
alternative can be obtained as follows:

TLCC 3 =IC+ PV(WC)+ PV(PC)+ PV (OC)
+PV(SCC)+PV(BRC) (Equation7.18)
IC=851,438
PV (WC)=wcx USPWF (4%, 58years)
(144%) 58 _ 1
4% (1 + 4%) B
(Equation 7.19)

:$2.17/ﬂ2(30fz x 43/ft)

PV (WC)=$62,787

PV(PC)="" pcx SPPWF(4%, y))

—> e x SPPWF(4%, y.)

10
20 30 ,

Lyi= : »Vx= { S } (Equation 7.20)
SL

PV (PC)=837-23/72(30/1 x 40f1) x 10%

1 1 1
<(1+4%)10 (1+4%)% (1+4%)58>

30+

_$37.23 % 1 1
/112 (301 > 40/1) < 10% ((1+4%) (1+4%)58>

PV(PC)=$6,616

SCC=sex Area=%1-27/,(30f1 x 43f1)

=$1,638 (Equation 7.21)
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PV (OC)=0xSPPWF(4%,30) (Equation 7.22)

PV(0C) =939-64/12(30f1 x 40f1) m
PV (0C)=$14,666
PV(BRC)=br x SPPWF (4%, 58)
=S1L11 /00 (30/1 x 43/1) Tra0®

(Equation 7.23)
PV(BRC)=$1,474

TLCC 4;5=%51,438+$62,787 4 $14,666 + $6,616
+1,638+$1,474

TLCC 4, 3=9%136,981

As it can be seen, no residual value or salvage
value was included. Salvage value was only considered
for the steel superstructures and it was included as a
benefit. To conclude, it is shown that the most cost-
effective profile for slab bridges corresponds to Alter-
native B.

Following the same principles for the remaining
superstructure types, the most cost-effective life-cycle
profiles were chosen. However, only the calculation of
the definitive profiles for each of the superstructure
types analyzed are shown below. Refer to Appendix D
for all life-cycle profiles considered for all superstruc-
ture types.

Structural steel rolled beam—S5-beam configuration.
Alternative C: Bearing replacement, spot painting and
sealing process. This option involves a deck recon-
struction (DRC) at 40 years, plus sealing and cleaning
of the deck surface (SCC) every 5 years since the bridge
construction, plus spot painting (SPC) every 10 years
since the bridge construction (10% of the structural
element surface), bearing replacements (BC) at 40 years,
and washing of the deck surface (WC) on a yearly basis,
plus the initial cost (IC), the removal of the bridge cost
(BRC) and the salvage value represented by the bene-
fit of selling the structural steel for recycling (SRC).
In addition, some details are needed regarding the
structural steel beam elements. Firstly, the exposed
perimeter of the beam is for spot painting 4.94 ft.
Secondly, the total weight of the steel elements is 10,506
Ib. Finally, a total price for the reinforcement steel of
$12,365 which will be included together with the bridge
deck reconstruction cost calculation. The present value
of this alternative can be obtained as follows:

TLCC 4yc=1IC+ PV (WC)+ PV(SCC)+ PV(DRC)
+PV(BC)+ PV (SPC)+ PV (BRC)
+ PV (SRC) (Equation 7.24)

I1C=$59,464

PV (WC)=wcx USPWF (4%, 80years)

(1 +4%)80ymm -1

4%(1 + 4%)80)/64111\'
(Equation 7.25)

:$2.17/ﬁ2(30fz x 43ft)

PV (WC)=$66,946

PV(SCC)=\'se x SPPWF (4%, y)— > 'se
0
5

x SPPWF(A%.py) .. yi=4 10 %y —1sL}

SL
(Equation 7.26)

PV (scc)=51 27/ 2 (30f1 x 43f1)

(14+4%)°  (14+4%)°  (1+4%)"° (1+4%)%

PV (SCC)=$8.,801

PV(DRC)=drx SPPWF(4%,40) (Equation 7.27)

PV(DRC) = ($47~41/ﬁ2(30ft x 43f1) + $12,365)

1
(1+4%)%

PV(DRC)=$15314

PV (BC)=bcx SPPWF(4%,40) (Equation 7.28)

32 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2019/09



PV(BC)=$7,254

PV(SPC)= 1 spex SPPWF(@%, y)— > \spe
x SPPWF (4%, y+) (Equation 7.29)

Lyi= 30 ,yx={SL}

PV (SPC)=5219/,2(4.94f1 x 30/t x Sbm x 10%)

1 1 1
((1+4%)‘° (1+4%)% (1+4%)8°)

1
—81.27/2(4.94f1 x 301 x Sbm x 10%) ((1+4%)8°>

PV(SPC)=$316

PV(BRC) = br x SPPWF (4%, 80)
1
(1+4%)%
(Equation 7.30)

:$11.11/ﬁ2(3()fz><43ft)

PV (BRC)=$622

PV(SRC)=srx SPPWF(4%, 80)
1
(1+4%)%
(Equation 7.31)

=50.08/, (5 % 10,506/b)

PV(SRC)=$182

TLCC 45 =$59,464 4 $66,946 + $8,801 + $15,314
+$7,254+$316+$622 —$182

TLCC 4 ¢ =%158,535

Prestressed concrete AASTHO beams. Alternative A:
Modified INDOT routine procedure. This option invol-
ves a deck reconstruction (DRC) at 40 years, plus
sealing and cleaning of the deck surface (SCC) every
5 years since the bridge construction, bearing replace-
ments (BC) at 45 years, and washing of the deck surface

(WCQC) on a yearly basis, plus the initial cost (IC) and
the removal of the bridge cost (BRC). Finally, a total
price for the reinforcing steel of $9,086 which will be
included together with the bridge deck reconstruction
cost calculation. The present value of this alternative
can be obtained as follows:

TLCC 4,4 =IC+ PV(WC)+ PV (SCC)
+PV(DRC)+PV(BC)+PV(BRC)
(Equation 7.32)

1C =$59,747

PV (WC)=wcx USPWF (4%, 65years) =

(1 +4%)65years -1
4%(1 _'_4%)65}’&0'3

(Equation 7.33)

$2. 17/ 52(30f1 x 43f1)

PV (WC)=$64,515

PV(SCC)="" sex SPPWF(@%,y)— > se
x SPPWF(4%, y.)
0

5

yi=¢ 10 %y ={SL}

(Equation 7.34)
SL

PV (scc)=931 27/52(30ft x 43f1)

(1+4%)°  (1+4%)°>  (14+4%)"° (1+4%)%

PV(SCC)=$8,481
PV(DRC)=dr x SPPWF(4%, 40)

(Equation 7.35)

PV(DRC)= <$47.41/ﬂ2(30fz = 43f1) + $9,086> (1#117%)40
PV (DRC)=$14,631

PV (BC)=bcx SPPWF (4%, 40) (Equation 7.36)
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1
PV(BC)="53.483 6bm x 2sup) ————
( ) /unt( [7) (1 +4(%)40

PV(BC)=$8,705

PV (BRC) =br x SPPWF (4%, 65)
1
(144%)%
(Equation 7.37)

:$11.11/ﬁ2(30f1><43fl)

PV(BRC)=$1,120

TLCC 41,4 =3$59,747 + $64,515 4 $8,481 + $14,631
+$8,705+$1,120

TLCC 44 =%157,199

Structural steel rolled beam—d4-beam configuration.
Alternative C: Bearing replacement, spot painting and
sealing process. This option involves a deck recon-
struction (DRC) at 40 years, plus sealing and cleaning
of the deck surface (SCC) every 5 years since the bridge
construction, plus spot painting (SPC) every 10 years
since the bridge construction (10% of the structural
element surface),bearing replacements (BC) at 40 years,
and washing of the deck surface (WC) on a yearly basis,
plus the initial cost (IC), the removal of the bridge cost
(BRC) and the salvage value represented by the benefit
of selling the structural steel for recycling (SRC).
In addition, some details are needed regarding the
structural steel beam elements. Firstly, the exposed
perimeter of the beam is 5.76 ft. Secondly, the total
weight of the steel elements is 10,382 1b. Finally, a total
price for the reinforcement steel of $14,222 which will
be included together with the bridge deck recon-
struction cost calculation. The present value of this
alternative can be obtained as follows:

TLCC4yyc=IC+PV(WC)+PV(SCC)
+PV(DRC)+ PV(BC)+ PV (SPC)
+PV(BRC)+ PV(SRC)
(Equation 7.38)

I1C=$59,224

PV (WC)=wcx USPWF (4%, 80years)

(1 + 4%)80years 1

4% (1 +4%) e
(Equation 7.39)

= $2.17/Jltz(30fz x 43ft)

PV (WC)=$66,946

PV(SCC)=Y sex SPPWF(@4%,y)—> e
x SPPWF(4%, )
0
5

yi=< 10 &y —{SL} (Equation 7.40)

SL

Pr(scc)="51 27/ 52(30ft x 43f1)

1 1 1 1
+ + Fot
((1 +4%)° T (1+4%)°  (1+4%)" (1 +4%>8°>

. $1.27/ﬁ2(30fz x 43/t) < ]

1
( +4%)8°>

PV(SCC)=$8,801

PV(DRC)=dr x SPPWF(4%, 40) (Equation 7.41)

PV(DRC)= (347411 (3071 x 43/1) + $14.222) T

PV(DRC)=$15,701

PV (BC)=bcx SPPWF(4%,40) (Equation 7.42)

PV(BC)=$5,803

PV(SPC)=Y " spe x SPPWF (4%, y)— > _spe
x SPPWF (4%, vx)

Lyi= 30 ,vx={SL} (Equation 7.43)
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PV(SPC)= $2~19/ﬁ2(5.76ﬁ x 30/t x 4bm x 10%)

1 1 1
((1 +4%)1° " (144%)% (1 +4%)8°>

1
— 8127/ (5,161 x 30/t x 4bm x 10%) <m>

PV(SPC)=$295

PV(BRC)=br x SPPWF (4%, 80)

=S1L11/02(3071 x 43f1) (1 +4%)%

(Equation 7.44)
PV(BRC) =$622

PV (SRC) = sr x SPPWF (4%, 80)

—$0.08/., (4bm x 10,382/p) ——
/Lb( ) a9

(Equation 7.45)
PV(SRC)=$144

TLCC 41 ¢ =$59,224 + $66,946 + 38,801 + $15,701
+$5,803 + %295+ 3622 —$144

TLCCyy ¢ =$157,248

Prestressed concrete box beams. Alternative A:
Modified INDOT routine procedure. This option invol-
ves a deck reconstruction (DRC) at 40 years, plus
sealing and cleaning of the deck surface (SCC) every
5 years since the bridge construction, bearing replace-
ments (BC) at 40 years, washing of the deck surface
(WC) on a yearly basis, plus the initial cost (IC) and
the removal of the bridge cost (BRC). Finally, a total
price for the reinforcement steel of $8,651 which will be
included together with the bridge deck reconstruction
cost calculation. The present value of this alternative
can be obtained as follows:

TLCC 4 =IC+ PV(WC)+ PV(SCC)+ PV (BC)
+ PV (DRC)+ PV(BRC)
(Equation 7.46)

I1C=875,404

PV (WC)=wcx USPWF (4%, 60years)

60yearx_1
_82.17/5(301 x 43f1) L F A7)
/ft ( )ft < f)4%(1+4%)60years

(Equation 7.47)

PV (WC)=$63,330

PV(SCC)= "\ se x SPPWF(4%, y))

— Z']’se x SPPWF(4%, y)
0
5

LYi= 10 ayx:{SL}

SL
(Equation 7.48)

PY(SCC)=31-27/12(30f1 x 43f1)

(1+4%)°  (144%)°  (1+4%)" (1+4%)%°

_$1.27/, 1
/ﬂz(30ft x 43ft) ((1 +4%)60>

PV(SCC)=$8,326
PV(DRC)=dr x SPPWF (4%, 40)

(Equation 7.49)

1

PV(DRC)= (3474100 (3071 < 43/1) + 58,651 ) Ta®

PV (DRC)=$14,541

PV (BC)=bcx SPPWF (4%, 30) (Equation 7.50)

1
PV (BC)=%3.483/ (Sbm x 2sup) ——
( ) /unt( P) (1+4%)40

PV(BC)=$7,254

PV (BRC)=brx SPPWF(4%, 60)
1
(1+4%)%°
(Equation 7.51)

:$11.11/ﬂz(30ﬁ><43ft)
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PV (BRC)=%$1,362

TLCC 41 4=%75,404+ 363,330+ $8,326 + $14,541
+$7,254+$1,362

TLCC;,4=%$170,217

Structural steel rolled beam—S5-beam configuration
galvanized. Alternative A: Bearing replacement and
sealing process. This option involves a deck recon-
struction (DRC) at 50 years, plus sealing and cleaning
of the deck surface (SCC) every 5 years since the bridge
construction, bearing replacements (BC) at 50 years,
and washing of the deck surface (WC) on a yearly basis,
plus the initial cost (IC), the removal of the bridge cost
(BRC) and the salvage value represented by the benefit
of selling the structural steel for recycling (SRC).
Structural steel beam elements with an exposed
perimeter of 4.94 ft and a total weight of the steel
elements of 10,506 1b. Finally, a total price for the
reinforcement steel of $12,365 which will be included
together with the bridge deck reconstruction cost
calculation. The present value of this alternative can
be obtained as follows:

TLCCy4=I1ICH+PV(WC)+PV(SCC)+PV(DRC)
+PV(BC)+PV(BRC)+PV(SRC)
(Equation 7.52)

I1C=%$62,511

PV (WC)=wcx USPWF (4%, 100years)

(1 +4%)100yeurs 1
4%(1 + 4%) 100years
(Equation 7.53)

=82.17/5(30/1 x 43/1)

PV (WC)=$68,597

PV(SCC)=Y\'se x SPPWF (4%, 7))

— lsex SPPWF (4%, )
0
5

yi=< 10 %y —{SL} (Equation7.54)

SL

PV(SCC)=8127/2(30f1 x 43f1)

1 1 1 1
+ + ++
<(1+4%)° (1+4%)°  (1+4%)"° (1+4%)'°°>

1
_ $1'27/f12(30ﬁ x 43ft) (m)

PV (SCC)=%$9,018
PV(DRC)=dr x SPPWF(4%,50) (Equation 7.55)

. 1
PV(DRC) — ($47.41 [ (3011 x 43/1) + $12,365) el
PV(DRC)=$10,346

PV (BC)=bcx SPPWF(4%,50) (Equation 7.56)

PV(BC)="33483/ . (5bm x 2sup) m
PV(BC)=$4,901
PV (BRC)=brx SPPWF(4%, 100)
—811.1 1/ﬁ2(30ft x 43ft) m

(Equation 7.57)
PV(BRC)=%284

PV(SRC)=srx SPPWF (4%, 100)

—%0.08/, (5% 10,506/p) ———
/Lb( > )(1+4%)100

(Equation 7.58)
PV (SRC) =383

TLCC 44 4 =%$62,511+$68,597+$9,018 +$10,346
+$4,901 + $284 — $83

TLCC 4 4 =$155,573

Prestressed Concrete AASTHO Beams Diaphragms
Included: Alternative A—Modified INDOT procedure.
This option involves a deck reconstruction (DRC) at
40 years, plus sealing and cleaning of the deck surface
(SCCQ) every 5 years since the bridge construction, and
washing of the deck surface (WC) on a yearly basis,
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plus the initial cost (IC) and the removal of the bridge
cost (BRC). Finally, a total price for the reinforcement
steel of $9,086 which will be included together with the
bridge deck reconstruction cost calculation. The present
value of this alternative can be obtained as follows:

TLCCyy4=IC+PV(WC)+PV(SCC)+PV(DRC)
+ PV(BRC) (Equation 7.59)

I1C=%$73,639

PV (WC)=wcx USPWF (4%, 80years)

(1 + 4%)80years 1

4% (1 +4% )50
(Equation 7.60)

= $2~17/ﬁz(30fz x 43ft)

PV (WC)=$66,946

PV(SCC)=Y"se x SPPWF(4%, 7))

— "se x SPPWF (4%, yx)
0
5
yi=< 10 %y —{SL} (Equation 7.61)

SL

PV(SCC)= $1~27/ﬂ2(30fz x 43f7)

1 1 1 1
+ + +o
((1 +4%)°  (14+4%)°  (1+4%)"° (1 +4%)8°>

_81 .27/](.12(301'1 x 43f1) (W)

PV(SCC)=$8,801
PV(DRC)=dr x SPPWF (4%, 40)

(Equation 7.62)

PV(DRC)= <$47~41/ﬁ2(30fz x 43f1) + $9,086) !

(1+4%)%
PV(DRC)=$14,631
PV (BRC)=br x SPPWF (4%, 80)
=STL11 /03071 x 43/1) m

(Equation 7.63)

PV(BRC)=$622

TLCC 4 4 =$73,639+ $66,946 + $8,801
+$14,631+$622=3164,639

Structural steel rolled beam—4-beam configuration
galvanized. Alternative A: Bearing replacement and
sealing process. This option involves a deck recon-
struction (DRC) at 50 years, plus sealing and cleaning
of the deck surface (SCC) every 5 years since the bridge
construction, bearing replacements (BC) at 50 years,
and washing of the deck surface (WC) on a yearly basis,
plus the initial cost (IC), the removal of the bridge cost
(BRC) and the salvage value represented by the benefit
of selling the structural steel for recycling (SRC).
Structural steel beam elements with an exposed
perimeter of 5.76 ft and a total weight of the steel
elements of 10,382 1b. Finally, a total price for the
reinforcement steel of $14,222 which will be included
together with the bridge deck reconstruction cost
calculation. The present value of this alternative can
be obtained as follows:

TLCC 44 =IC+ PV(WC)+ PV (SCC)+ PV (DRC)
+PV(BC)+PV(BRC)+PV(SRC)
(Equation 7.64)

I1C=%$62,234

PV (WC)=wcx USPWF (4%, 100years)

(1 + 4%) 100years __ 1

4%(1 + 4%) 100years
(Equation 7.65)

_ $2.17/ﬂ2(30ft x 43ft)

PV (WC)=$68,597

PV(SCC)=""se x SPPWF (4%, y;)

= "lsex SPPWF(4%, )
0
5

p=4 10

,»x={SL} (Equation 7.66)

SL
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PV(SCC)= $1-27/ﬁz(30ft x 43f1)

1 1 1 1
+ + +
((1 +4%)°  (14+4%)°  (14+4%)"° (1 +4%)“’°>

— 8127/ (30f1 x 431) (W)

PV(SCC)=$9,018
PV(DRC)=dr x SPPWF(4%, 50)

(Equation 7.67)

1

PV(DRC) = ($4741 05 (3071 > 43f1) + $14.222) T5a®

PV (DRC)=$10,607

PV (BC)=bcx SPPWF (4%, 50) (Equation 7.68)

1
PV(BC)="53.483 4bm x 2sup) ————
(BC) unt( p) (a +4%)50

PV(BC)=$3,920

PV(BRC) =brx SPPWF (4%, 100)
1
(1+4%)10
(Equation 7.69)

=$11~11/ﬁ2(30ft x 43ft)

PV (BRC)=$284

PV (SRC) =srx SPPWF(4%, 100)
—%0.08/, , (4hm x 10,382/h) —
/Lb( s )(1+4%)100
(Equation 7.70)

PV(SRC) =$66

TLCC 4 4 =$62,234 +$68,597 +$9,018 + $10,607
+$3,920 + $284 — $66

TLCC 4 4 =$154,594

A special discussion is needed for the FPG system
since it is a new system included in this study. As
discussed in the literature review, there are two different
configurations that can be addressed using FPGs, the
regular closed section and the inverted option with the
bottom open for inspection. The second option is a
proprietary product, and its use involves an additional
cost that depends on the holder of the patent. These

hidden costs are not available to the public, and cons-
equently it was decided to not include this option in this
analysis. However, the closed section is an open tech-
nology that can be used without restriction, and there-
fore it is used as the alternative discussed in this report.

The FPG acts as a steel box section, and such
sections are subjected to all the geometric and propor-
tion requirements given by the AASHTO LFRD
specification, in particular section 6.11. The require-
ment given by AASHTO LRFD Section 6.11.2.3
includes the maximum spacing between parallel ele-
ments in order to use the distribution factors proposed
by the code. This requirement is based on the lateral
distribution factors for steel box girders provided by
Johnston and Mattock (1967).

Using the section properties available and the
AASHTO requirements it is mandatory to use six 6
beams in the cross section of the bridge. The use of this
additional beam (compared with the total elements
needed for a regular rolled I steel beam) increases the
initial cost of this alternative an amount that makes
it not cost-effective. Nonetheless, a separate analysis
was made using a 4-beam arrangement. A conservative
assumption was made regarding the distribution factors
(considering the distribution factor as 1.00 for each
beam), designing accordingly the beam elements. This
change increases the unit weight of each supporting
element, however, the final total weight is less than the
6-beam alternative. Both LCCA are included herein,
proving that the 6-beam configuration is not cost-
effective while the 4-beam alternative is a competitive
option. Further research is needed to explore the viability
of 4 girders and the applicability of AASHTO 6.11.2.3
for FPG girders.

Structural steel folded plate beams—6-beam
galvanized configuration. Alternative A: Bearing repla-
cement, spot painting and sealing process. This option
involves a deck reconstruction (DRC) at 50 years, plus
sealing and cleaning of the deck surface (SCC) every
5 years since the bridge construction, bearing replace-
ments (BC) at 50 years, and washing of the deck surface
(WCQC) on a yearly basis, plus the initial cost (IC), the
removal of the bridge cost (BRC) and the salvage value
represented by the benefit of selling the structural steel
for recycling (SRC). Structural steel beam elements
with an exposed perimeter of 3.60 ft and a total weight
of the steel elements of 16,020 1b. Finally, a total price
for the reinforcement steel of $8,375 which will be
included together with the bridge deck reconstruction
cost calculation. The present value of this alternative
can be obtained as follows:

TLCC 4 4=IC+ PV(WC)+ PV (SCC)+ PV (DRC)
+PV(BC)+PV(BRC)+PV(SRC)
(Equation 7.71)

1C=$67,921
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PV (WC)=wcx USPWF (4%, 100years)

(1 + 4%) 100years __ 1

4%(1 + 4%) 100years
(Equation 7.72)

=82.17/ 2 (30f1 < 43/1)

PV (WC)=$68,597

PV(SCC)=Y"se x SPPWF(4%, 7))

— Z’fse x SPPWF (4%, y)
0
5

yi=< 10 % 3y —{SL} (Equation 7.73)

SL

PV(SCC)= $1~27/ﬁz(30ﬁ x 43f1)

1 1 1
o+ 5T o
(1+4%) (14+4%) (1+4%)
1 1
$1.27
+ — 30ft x 43ft) | ——
(1+4%)‘°°) (30t f)<(1+4%)‘°°)
PV (SCC)=$9.,018
PV(DRC)=dr x SPPWF(4%, 50)

(Equation 7.74)

PV(DRC) = (347~41/ﬁz(30fz x 43f1) +$8,375) !

PV(DRC)=$9,784
PV (BC)=bcx SPPWF(4%,50)  (Equation 7.75)

PV(BC)=33.483  (6bm x 2sup) !

(1+4%)

PV(BC)=$5.881

PV(BRC)=brx SPPWF (4%, 100)
:$11'll/ftz(3°f’x“3f’)wl%)m

(Equation 7.76)

(1+4%)>°

PV(BRC)=$284

PV (SRC)=sr x SPPWF (4%, 100)

—80.08/,, (6hm x 16,020/p) ——
/Lb( )(1 +4%)100

(Equation 7.77)
PV(SRC)=$152

TLCC 4 4 =9%67,9214 868,597+ 39,018 + $9,784
+$284 4+ $5,881 —$152

TLCC 4, 4=%161,332

Structural steel folded plate beams—4 beam
galvanized configuration. Alternative A: Bearing
replacement, spot painting and sealing process. This
option involves a deck reconstruction (DRC) at 50 years,
plus sealing and cleaning of the deck surface (SCC) every
5 years since the bridge construction, bearing replace-
ments (BC) at 50 years, and washing of the deck surface
(WCQC) on a yearly basis, plus the initial cost (IC), the
removal of the bridge cost (BRC) and the salvage value
represented by the benefit of selling the structural steel
for recycling (SRC). Structural steel beam elements with
an exposed perimeter of 4.17 ft and a total weight of
the steel elements of 12,240 1b. Finally, a total price
for the reinforcement steel of $14,222 which will be
included together with the bridge deck reconstruction
cost calculation. The present value of this alternative can
be obtained as follows:

TLCC 44 4=IC + PV (WC)+ PV (SCC)+ PV (DRC)
+ PV(BC)+ PV (BRC)+ PV (SRC)
(Equation 7.78)

1C=%62,790

PV (WC)=wcx USPWF (4%, 100years)

(1 +4%) 100years 1

4%(1 + 4%) 100years
(Equation 7.79)

:$2~17/ﬁ2(30ft x 43ft)
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PV (WC)=$68,597

PV(SCC)=3 ' se x SPPWF(4%, y,)

— Z’l’se x SPPWF (4%, y)
0
5

.'.y,:= 10

,yx={SL}  (Equation 7.80)

SL

Py (scc)=951 27/42(30ft x 43ft)

1 1 1 1
+ + + o+
((1 +4%)°  (1+4%)°  (1+4%)" (1 +4%)“’°>

_$1 .27/ﬁz(30ft x 43ft) (W)

PV(SCC)=$9,018
PV(DRC)=dr x SPPWF(4%,50) (Equation 7.81)

PV(DRC)= ($47-4l/ﬁ2(30fz x 43f1) + $14,222) !

PV (DRC)=$10,607

PV (BC)=bcx SPPWF(4%,50) (Equation 7.82)

PV(BC)=33:483/  (4bm x 2sup) m
PV (BC)=$3,920
PV (BRC) =br x SPPWF (4%, 100)
=811.1 l/ﬁz(30ft x 43f1) m

(Equation 7.83)
PV (BRC)=$284

PV (SRC)=srx SPPWF (4%, 100)
1
(Equation 7.84)

—80.08/, , (4 % 12,2401p)

(1+4%)>

PV (SRC)=$78

TLCC 4y 4 =$62,790+$68,597 + $9,018 + $10,607
+$2844$3,920—$78

TLCC 4, 4 =$155,139

skoksk

Initial cost comparison, as well as LCCA, were made
for every superstructure type considered. Table 7.2
presents a summary of the life-cycle cost analysis for
simply supported bridges with a simple span of 30 ft.
The discount rate used for the life-cycle cost in
perpetuity (LCCAP) is 4%. It presents the service life,
total life-cycle cost (LCCA), LCCAP and the cost-
effectiveness-ratio between the initial cost and LCCAP
of the different superstructure types (ERppitia1 cost and
ERy ccap respectively). Ratios shown correspond to the
ratio between the option analyzed and the lowest price
among all the alternatives for a given span length as
shown in Equation 7.85.

Call
min;(Cu 1,Catr 2, - - -

ERcost = (Equation 7.8 5)

Calt i )

The results for the LCCA shown in Table 7.2
illustrate the evidence of considering all costs for
various structural types. The cost-effectiveness ratio
for initial cost, ERypjitial cost» Clearly shows that slab
bridges provide the best alternative, with most other
systems costing an additional 15% or more. However, if
the cost-effectiveness ratio in perpetuity is examined,
ERy ccp, the results change notably. In this case (for a
30-ft span) the slab bridge is still the most cost-effective
solution, but the cost differential—ER [tia1 cost VETSUS
ERiccap—changes significantly, with other systems
becoming more competitive. The 4-beam and 5-beam
galvanized rolled beam system have considerably closed
the cost gap. Other structural systems have also
improved in cost-effectiveness when all long-term costs
are considered.

Figures 7.2, 7.3, and 7.4 show the initial cost and
LCCAP comparison for simply supported beams for all
span ranges. As it can be seen in the figures, in general
the inclusion of long term-costs using LCCA reduces
the difference between all the alternatives for the same
span length. Explicitly, for span range 1, it is shown
that the slab bridge is the most cost-effective solution
either considering or not considering long-term costs
for spans less than 35 ft. However, for spans longer
than 35 ft, the inclusion of galvanized steel structures—
specifically the 4-beam configuration—is the most cost-
effective alternative. In contrast, if only initial costs are
considered, painted rolled beams and prestressed
concrete AASHTO beams would be the preferable
options. Additionally, it is important to mention that
the FPG option is among the cost-effective solution for
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TABLE 7.2
LCC summary simply supported beams—span length 30 ft

Service Life

Type (years) Initial Cost ($) ERpitia cost LCCA ($) LCCAP (8) ER; ccar

Slab Bridge 58 51,438 1.00 133,591 148,900 1.00

Prestressed Concrete AASHTO Beams—Bearings 65 59,747 1.16 157,199 170,522 1.15

Prestressed Concrete AASHTO Beams— 80 73,639 1.43 164,639 172,106 1.16
Diaphragms Included

Prestressed Concrete Box Beams 60 75,404 1.47 170,217 188,097 1.26

Structural Steel Rolled Beams—4-Beam 80 59,224 1.15 157,248 164,380 1.10
Configuration—Painted

Structural Steel Rolled Beams—5-Beam 80 59,464 1.16 158,535 165,725 1.11
Configuration—Painted

Structural Steel Rolled Beams—4-Beam 100 62,234 1.21 154,594 157,717 1.06
Configuration—Galvanized

Structural Steel Rolled Beams—5-Beam 100 62,511 1.22 155,573 158,715 1.07
Configuration—Galvanized

Structural Steel Folded Plate System—4-Beam 100 62,790 1.22 155,139 158,272 1.06
Configuration—Galvanized

Structural Steel Folded Plate System—6-Beam 100 67,921 1.32 161,332 164,591 1.11

Configuration—Galvanized

the second part of the span range; however, it is not the
optimal selection.

For span range 2, 4 beam galvanized rolled beams
are still cost-effective for spans shorter than 65 ft, while
the prestressed concrete bulb tees became the optimal
solution for longer spans. If only initial costs are con-
sidered, prestressed concrete bulb tees alone would be
selected for this span range. This trend is attributed to
the lower material and fabrication costs and resistance
optimization achieved by the bulb tee system.

Span range 3 results show that including long-term
costs suggests multiple cost-effective design solutions
for spans up to 105 ft, with two optimal options being
prestressed concrete bulb tees and galvanized steel
plate girders. Beyond this point, bulb tees are the most
cost effective solution. Again, if only first costs are
considered, bulb tees would be the optimal solution for
the entire span range.

Results for continuous beams are presented in
Figures 7.5, 7.6, and 7.7. For span range 1, several
different outcomes were obtained considering and not
considering long-costs. Slab bridges and galvanized
steel continuous beams are the most cost effec-
tive solutions for the two halves of the span range,
respectively. However, prestressed concrete AASHTO
beams are also a competitive option for spans

between 45 and 60 ft. In contrast, span range 2 rejects
the premise of the cost-effectiveness of the SDCL
system for spans up to 90 ft. Additionally, it is
noticeable that prestressed bulb tees and AASHTO
beams become more attractive for longer spans.
Finally, for span range 3, no variance in the cost-
effectiveness of the bulb tee option is noticed between
the initial cost comparison and the inclusion of long-
term costs, although the cost differential is notably
reduced.

It is important to underline the fact that results
shown are not a precise measurement of cost-effective-
ness. Rather, they are an approximation and the first
approach to designers at the moment of bridge plan-
ning. This tool could clarify which super-structure
options could be cost-effective during the planning
process. However, final site conditions and project level
cost estimations should represent accurately the best
option for construction.

FPG system needs a special discussion. As shown, FPG
option could be considered as a cost-effective solution
depending on the span length of the structure. None-
theless, a more accurate cost estimation of construction
cost, not only for steel elements but also for prefabricated
composite modules, is needed to demonstrate that viability
of this system.
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Figure 7.2 Initial and LCCAP cost-effectiveness for simply supported beams—span range 1.
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Figure 7.3 Initial and LCCAP cost-effectiveness for simply supported beams—span range 2.
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Figure 7.4 Initial and LCCAP cost-effectiveness for simply supported beams—span range 3.
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Figure 7.5 Initial and LCCAP cost-effectiveness for simply supported beams—span range 1.
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Figure 7.6 Initial and LCCAP cost-effectiveness for continuous beams—span range 2.
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Figure 7.7 Initial and LCCAP cost-effectiveness for continuous beams—span range 3.
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8. SUMMARY AND CONCLUSIONS

A literature review was presented on innovative
cost effective solutions for short to medium span
bridges, deterioration curves and current approaches
taken to conduct a bridge life-cycle cost assessment.
Additionally, information obtained from the National
Bridge Inventory (NBI) was used to summarize the
most common structures within the state and generate
a design plan for the structures to analyze. Designs
covered the most common structures found in Indiana
along with the innovative bridge systems presented in
Section 2.1 of this document. Bridge types used are:
slab bridges (constant thickness), prestressed concrete
box beams, concrete AASHTO beams, concrete bulb
tees, structural steel folded plate beams, rolled steel
beams, steel plate girders, and finally, structural steel
SDCL beams.

Three different span ranges were established for
further study. Range 1 includes bridges with spans
between 30 ft and 60 ft. Range 2 for spans between 60 ft
and 90 ft. Finally, range 3 for span lengths between
90 ft to 130 ft. Design types were considered depending
on their cost-effectiveness potential for each of the span
ranges. Spreadsheets that include applicable sections of
the LRFD and the Indiana Design Manual specifica-
tions were created for every design option. A prestres-
sed concrete bulb tee continuous structure is presented
as an example. Additional design information and
drawings are presented in Appendices A, B, and C.

Extensive cost allocations for agency costs were
presented, including not only initial costs involved but
also long-term costs depending on the material and
superstructure type considered. No contingencies other
than regular deterioration of the bridge were consid-
ered, however, maintenance or rehabilitation activities
may affect user costs. Nonetheless, and in order to
compute those costs, a thorough understanding of the
traffic (quantities and type of vehicles), detour lengths,
travel times and travel velocities is needed. As speci-
fied in this document, all bridge designs have no spe-
cific location along any specific road. In other words,
traffic, velocity and detour assumptions are not made.
Additionally, such assumptions are considered an
oversimplification of the problem and could impact
negatively the outcome of the LCC comparison.

Deterioration curves for the Indiana state highway
system from work conducted by Moomen et al. (2016),
Sinha et al. (2009) and Cha et al. (2016) were used to
obtain the service lives for each alternative. Addi-
tionally, and considering the working actions along
with the service life for each alternative, different LCC
profiles were proposed and the most cost-effective were
used for the LCCA comparison for each superstructure
type analyzed. In addition to the regular superstructure
options described before, prestressed beam alternatives
including integral abutments and intermediate dia-
phragms, as well as galvanized structural steel beams
were considered, including the equivalent extension of
the service life of each option. A case study for a 30 ft

simply supported structure is presented to illustrate the
LCCA approach used. In order to compare all the
alternatives considered, a life cycle present worth in
perpetuity method is used.

Initial cost and LCCA comparison for all span
ranges of simply supported beams and continuous
beams are presented. It was shown that the inclusion
of long term-costs using LCCA generally reduces the
cost-effectiveness difference between all the alternatives
for the same span length. This reduction could be an
important factor if specific site conditions are consid-
ered during the analysis. If specific site conditions are
known, multiple options for each span length must be
considered before choosing the best alternative.

Explicitly for simply supported beams, it is shown
that for span range 1 that the slab bridge is the most
cost-effective solution either considering or not con-
sidering long-term costs for spans less than 35 ft.
However, for spans longer than 35 ft, the inclusion
of galvanized steel structures—specifically the 4-beam
configuration—provided the most cost-effective alter-
native. For span range 2, 4 galvanized rolled steel beams
are still cost-effective for spans shorter than 65 ft, while
the prestressed concrete bulb tees became the optimal
solution for longer spans. Additionally, Span range 3
results show that including long-term costs suggests
multiple cost-effective design solutions for spans up to
105 ft, with prestressed concrete bulb tees and galvani-
zed steel plate girders being the two optimal solution.
Beyond this point, bulb tees are the most cost effective
solution.

For continuous beams, it is shown for span range 1
that slab bridges and galvanized steel continuous beams
are again the most cost effective solutions for the lower
and upper parts of the span range, respectively. How-
ever, prestressed concrete AASHTO beams are also a
competitive option for spans between 45 and 60 ft. In
contrast, span range 2 rejects the premise of the cost-
effectiveness of the SDCL system for spans up to 90 ft.
Additionally, it is noticeable that prestressed bulb
tees and AASHTO beams become more attractive for
longer spans. Finally, for span range 3, no variance in
the cost-effectiveness of the bulb tee option is noticed
between the initial cost comparison and the inclusion of
long-term costs.

9. FUTURE WORK

Results shown in this report are specific for bridges
in the Indiana highway system. Costs, deterioration
models, as well as other economic assumptions may vary
depending on the location of the analysis. Moreover,
only a deterministic approach of the LCCA applicable to
bridges was used for this study. Nonetheless, the inherent
probability nature in the computation of all the factors
required to obtain the final comparisons should be
addressed. Probabilistic approaches to computing con-
struction, maintenance, and preventive costs are needed.
Likewise, bridge deterioration is also a variable factor
that affects the final out-come. Monte Carlo simulations
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that involve all these random variables could be
implemented in future research studies. Results of such
analyses will reinforce the LCCA presented herein and
will enhance the recommendations made to designers
during the planning phase of new bridge constructions.

Consideration of different coatings for steel elements
such as metalized options and stainless-type weathering
steels (including ASTM A1010) and its extension into
the service life of the steel superstructure systems should
be explored further.

Lastly, the steel FPG system appears to be promis-
ing, but were not found to be optimal in cost-effecti-
veness. But there is a lack of data on the construction
costs for these systems. Further research and develop-
ment of these systems may improve the viability of such
systems. Also, further clarity on girder spacing require-
ments for the FPG box sections should be explored.
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APPENDIX A. CASE STUDY: PRESTRESSED CONCRETE BULB TEE BRIDGE
A.1 Bridge description:

A two-span configuration with equal spans of 110 ft each is used for this example. The superstructure is
composed of a reinforced concrete deck on simple span prestressed girders made continuous for live
load. Girders used were hybrid bulb tees, 66 in deep, 61 in wide top flange and 40 in wide bottom flange
(HBT66x61) as presented in the INDOT Design Manual (INDOT, 2013). The selection of girder size and
strand configuration is usually based on past experience. The strand configuration was refined using trial
and error until final and release stresses fell within the allowable stress limits and the strength
resistance is greater than that required by the applied loads. In order to validate the design, not only
was the design compared with similar projects extracted from the contractor database, but also a
general results check was performed using a specialized bridge software called “LEAP bridge concrete”
licensed by Bentley® software developers.

It is important to underline some additional requirements regarding the use of debonded strands if they
are needed according to the LRFD Section 5.11.4.3. Firstly, the number of partially debonded strands
should not exceed 25 percent of the total number of strands. Secondly, the number of debonded
strands in any horizontal row shall not exceed 40 percent of the strands in that row. Thirdly, debonded
strands shall be symmetrically distributed about the centerline of the member. Debonded lengths of
pairs of strands that are symmetrically positioned about the centerline of the member shall be equal.
Finally, exterior strands in each horizontal row shall be fully bonded.

A.2 Deck slab design:

The approximate method is used (called equivalent strip method). This method is based on the following
premises:

The transverse strip of the slab is assumed to structurally support the truck loads.

e The strip is assumed to be supported on rigid supports at the center of the beams.

e The truck axle loads are moved laterally to produce the moment envelopes. Multiple
presence factors and the dynamic load allowance are included. The total moment is
divided by the strip distribution width to determine the live load per unit width.

e The reinforcement is designed using conventional principles of reinforced concrete

design.

According to AASHTO LRFD Section 4.6.2, the equivalent strip width for cast-in-place decks with stay in
place concrete formwork must be taken as follows (equations [A.1] and [A.2]), where S is the spacing of
supporting elements (in this case 9.5 ft, as shown in Figure A.1):



+M = 26.0 4+ 6.65 = 26.0 + 6.6(9.5ft) = 88.7in [A.1]

—M = 48.0 + 3.0S = 48.0 + 3.0(9.5ft) = 76.5in [A.2]
The bridge cross section is presented in Figure A.1. The beam spacing is 9.5 ft, concrete cover is 2 %" and
1” for the top and bottom layers, respectively. For this design, slab thickness of 8” including the %"
integral wearing surface is assumed, according to the INDOT design manual Section 404-2.0.
Additionally, the integral wearing surface does not have to be included in the structural thickness of the
composite section. Finally, all reinforcing steel in both, the top and bottom layers shall be epoxy coated
for a bridge deck supported on beams. Since the deck is assumed to be rigidly supported at the center
line of the supporting elements, the load effects are calculated using equation [A.3] that assumes
continuity of the deck:

wl?
M= — [A.3]
c
where w is the dead load per unit area, [ is the beam spacing and c is a constant that typically is a value

taken between 10 and 12. For this example, c is considered as 10. Consequently, dead load moments
due to self-weight, stay in place forms and a 3-in thick bituminous future wearing surface are calculated
as follows:

ki
0.10 2E (9.5f1)> kip — ft
M, =— It — 090 _J%
sw 10 ft
ki
0.015f—£(9.5ft)2 kip — ft
Mspf = 10 = 01357
ki
0.035f—t’§(9.5ft)2 kip — ft
Mfws = 10 = 0316T

I
:
Py

TYPICAL SECTION

Figure A.1 General cross section bulb tee superstructure

Since the premise of the specifications is not maximizing the load effect for deck design using different
load factors for different bays within the same cross section, maximum load factor controls the design
and minimum load factor could be neglected. According to Table 3.4.1-1 of the LRFD, maximum load



factors for dead load and wearing surface are 1.25 and 1.50, respectively for the strength limit state.
Additionally, for negative moment it is important to underline that the design section location should be
taken as one third of the flange width from the center line of the support, but not exceeding 15-in
(54.6.2.1.6). For the HBT668x61, one third of the top flange is equal to 20-in, which means that the
negative moment design location is at 15-in.

Live load effect on the deck needs to satisfy the following conditions: the minimum distance from center
of the wheel to the edge of the parapet is 1 ft, and the minimum distance between the wheel of two
adjacent trucks is 4 ft. In addition, a dynamic load allowance of 33% (AASTO Table 3.6.2.1-1) was
considered, as well as a multiple presence factor of 1.00 equivalent to two lanes. The load factor for the
strength limit state is 1.75. It is important to remark that fatigue is not required to be checked for
concrete slabs in multi-girder systems according to Sections 9.5.3 and 5.5.3.1 of the AASHTO LRFD
Specifications. Moment resistance factor for strength limit state (@strengen) is considered as 0.90.

In lieu of the approximate strip method procedure, the LRFD Specification allows the live load effects
(positive and negative moments) to be computed using the Table A4.1-1. This table lists the positive and
negative moment per unit width of decks with various girder spacings and with various distances from
the design section to the centerline of the girders for negative moment. Using as an input the beam
separation of 9.5 ft and the negative moment distance location of 15-in, the maximum positive and
negative moments are 6.59 kip ft/ft and 4.04kip ft/ft, respectively. Final strength limit state moment
are:

Mstrg = DL(Mgy, + Mgy s) + DW (Mpy,s) + (LL + IM)My, [A.4]
Msirgsm = 1.25 (o.9okip—_ft +0.135 k”’f—:ﬁ) +1.50 (0.316 %)
+1.75 (6.59 %)
Mstrgim = 13.30%
Mstrg—m = 1.25 (0.90$ +0.135 %) +1.50 (0.316 #)
+1.75 <4.04 y)
Mgtrg-m = 8.84kipf—;ft

According to Equation S5.7.3.1.1-4 of the LRFD, for rectangular section behavior, the depth of the
section in compression, c, is determined by equation [A.5]:

c= Asfy

0.85f'.B1b
It is important to mention that prestressing steel and compression steel are neglected for the
compression depth. The factor f; is taken as 0.85 according to S5.7.2.2 since the deck concrete strength
does not exceeds 4ksi.The depth of the compression block, a, is computed as:

[A.5]

a=cf; [A.6]



The nominal flexural resistance, M,,, neglecting the compression and the prestressing steel is the
following (Equation S5.7.3.2.2-1):

M, = Af, (d - %) [A.7]

There are two different approaches to compute the required steel of the slab. The first one substitutes a
and c into the above equation and then obtaining A; minimum required supposing that the flexural
capacity needs to be as the load demand. The other approach is to select a deck reinforcement amount
and check the adequacy of the flexural moment capacity. The second method is used in this example.
For this case, the following reinforcement is assumed: Top principal reinforcement of #5@5” equivalent
to 0.74 in?/ft, bottom principal reinforcement of #5@7” equivalent to 0.53 in?/ft, and transversal
reinforcement of #5@8” equivalent to 0.46 in?/ft. This pattern satisfies the requirement from the
INDOT Design Manual, Section 404-2.01 which requires a minimum reinforcement of #5@8" for
principal steel and a maximum separation of 8” for all kind of reinforcement. Thus, assuming a design
width of 1 ft, for negative moment the flexural strength capacity is:

0.74in?(60ksi)

_ = 1.28i
0.85(4ksi)(0.85)(12in) m

Cc

a = 1.28in(0.85) = 1.09in

5"/8 1.09in
@®M,, = 0.9(0.74in?)(60ksi) ((8.0in —0.5in — 2.5in — / > — :

> 5 ) = 13.80kip — ft

As can be seen, flexural factored resistance, @M,,, is greater than the moment strength limit state
demands, Mg.4_p, which means that the design is acceptable. Additionally, a check of minimum
reinforcement according to S5.7.3.2 is necessary. Usually, this requirement does not control the design,
however, its calculation is presented below for information purposes.

According to the specifications, any section of a noncompression-controlled flexural component, the
amount of prestressed and nonprestressed tensile reinforcement shall be adequate to develop a
factored flexural resistance, M,., at least equal to the lesser of 1.33 times the factored moment and
cracking moment of the section, M., computed as follows:

S
My =y;3 [(Vlfr + szcpe)sc — Mgy, (S_C - 1)] [A.8]
nc
However, since there is no prestressing force considered in the deck, the formula is simplified as follows:
Me =vy;3 [(Vlﬁ”)sc] [A.9]

where, £, is the modulus of rupture specified in $5.4.2.6 as 0.24 times the square root of the
compression resistance of the concrete, S, is the section modulus, y; is the flexural cracking variability
factor taken as 1.60 as for other structures different than precast segmental structures and, y3 is the
ratio of the specified minimum yield strength to the ultimate tensile strength of the reinforcement,
which is 0.67 for A615 grade 60 reinforcement. Thus, the cracking moment is computes as follows,
which is less than 1.33 times the factored moment and then less than the factored flexural resistance:



12in(7.5in)3

M, = 0.67 ((1.60)(0.24\/41(51’))# = 4.82kip — ft
2

Moreover, a serviceability check needs to be addressed. This requirement is represented by the
maximum rebar separation due to service loading to control cracking in the cross section:

700y,
s < B 2d, [A.10]

SS
=1+ de A1l
Bs = 0.70(h —d,) [A-T]

where ¥, is the exposure factor considered as 0.75 for class 2 exposure condition recommended for
decks exposed to water, f;, is the calculated tensile stress in mild steel reinforcement at the service limit
state not to exceed 0.60 fy, d,. is the thickness of concrete cover measured from extreme tension fiber
to the center of the flexural reinforcement located closest thereto, and h is the overall thickness.
Furthermore, f; is computed following the stress distribution presented in Figure A.2.

Ak
3

T / V
d

p— ——

O O G / : "&'sfs

£ m)
Figure A.2 Stress distribution of a concrete rectangular section

Then, the maximum separation is 7.72-in, which is higher than the separation for the negative region
reinforcement set as 4 in, the computation is as follows:

Ag
p==2 [A.12]
b 0.74in? _ 0.0132
(8.0in — 0.5in — 2.5in — 57/8) 12in
k =/(2pn) + (pn)2 — (pn) [A.13]
k = \/(2)(0.0132)(8) + ((0.0132)8)2 —(0.0132)(8) = 0.37
j=1- 162} [A.14]

3

A-5



(0.37)

j=1-——=088
_ M A15
f:S'S - Asjd [ . ]
(0.90 + 0.135 + 0.316 + 4.04)%
fss = 578N = 21.19ksi
0.74in2(0.88) (8.0in — 0.5in — 2.5in — T)
(Z.Sin — 52£)
Bs =1+ - =186
0.70 <7.5in — (Z.Sin — 52£>>
- 700(0.75) 2 (250 + 5'/8\ 7 70;
¥ =11.86)(21.19ksi) DT = e

Finally, shrinkage and temperature reinforcement need to be checked for the principal reinforcing steel.
According to Section 5.10.8, the minimum area required is as follows:

4 S 1.30bh Al6
Sshr — Z(b + h)fy [ . ]
1.30bh 1.30(12in)(7.5in)

— — i 2
26+ 1Y, ~ 2(12in + 7.5in)60ksi ~ 00"

This value is less than the area provided and is thereby satisfied.

The same requirements need to be satisfied in the positive moment region. Using the appropriate
values, the results are the following:

3 0.53in%(60ksi)
"~ 0.85(4ksi)(0.85)(12in)

a = 0.92in(0.85) = 0.78in

= 0.92in

Cc

. . . _ _5"/8\ 0.78in _
®M,, = 0.9(0.53in?)(60ksi) |  8.0in — 0.5in — 1.0in — ol ) = 13.83kip — ft
12in(7.5in)3
- 12 .
M, = 0.67 |((1.60)(0.24v4ks0)) —a——| = 4.82kip — ft
2
A 0.53in? 00071
p - db - 5"/8 - .

(8.0in — 0.5in — 1.0in — T) 12in

k =/ (2pn) + (pn)? — (pn) = J(2(0.0071)8) + ((0.0071)8)" — ((0.0071)8) = 0.28
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(k) (0.28) _

=1-—-"Z=q—2
J = 3 3
y (0.90 + 0.135 + 0.316 + 6.59)%
fis =7 ?d s7gy = 31.93ksi
sI% 0.53in2(0.91) (8 0in — 0.5in — 1.0in — )
(1.0m - w)
B,=1+ _ =127
0.70 <7.5in — (1.0m — w))
- 700(0.75) 2 (1.0in+ 278 = 1032
$=11.27)(31.93ksi) DT T ) T e
1.30bh 1.30(12in) (7.5
A - A2in)(7.5im) _ o ocio

> =
M= 2(b+ h)f,  2(12in + 7.5in)60ksi

As it can be seen, the design for the negative moment region is also satisfactory, which means that the
assumed reinforcement is adequate for the computed load demands. Shear design does not have to be
performed according to AASHTO LRFD 5.14.4, which states that "Slabs and slab bridges designed for
moment in conformance with Article 4.6.2.3, "Equivalent Strip Widths for Slab Type Bridges" may be
considered satisfactory for shear."

Finally, a transverse distribution reinforcement check is needed, following the recommendations of the
LRFD Section 5.14.4.1. Transverse distribution reinforcement shall be placed in the bottoms of all slabs
The amount of the bottom transverse reinforcement may be determined by two-dimensional analysis,
or the amount of distribution reinforcement may be taken as the percentage of the main reinforcement
required for positive moment taken as:

199 _ 5o [A.17]
\/_ = 0 .
100
=32% < 50% [A.18]

Jo5ft

Since this is a brief example of an actual design, the overhang is not detailed.

A.3 Superstructure design:

As mentioned before, selection of the beam section and the strand configuration rely heavily on
previous experience and engineering judgment. The section used for this example is a hybrid bulb tee
66-in deep and with a 61-in top flange width. Section properties for both the section only and the
composite section are presented in Figures A.3 and A.4, respectively. Strand configuration is presented
in Figure A.5.

Loads on the superstructure must be computed. Dead load includes self-weight of the beam, self-weight
of the slab (corresponding to an 8-in thick slab), stay in place forms, haunch (corresponding to %-in thick
haunch), interior diaphragms, barrier railings (correspond to the railing type FC) and future wearing



surface. The last two components will be applied to the composite section, while the remaining loads
will be applied to the non-composite section. Dead load values used are presented in Table A.1.

In addition to the use of Chapter 4 of the LRFD Specification to compute moment and shear values a 3D
model (see Figure A.6) was used to compute moments and shears of the bridge. Appropriate values of
dead loads as well as dimensions and span lengths and configuration were used for the modeling.
However, a cross section corresponding to the HBT66x61 was not included in the database of the
software. Consequently, an approximate equivalent section was used using the general dimensions of

the standardized section.

TYPE= HBULBTEE .

Section= HBT 66x61

d= 66.00 in

ba= 40.00 in

To= 5.50 in
Ke=
K=
A=
I=
Xxp=
S=
r=
Xy=
Se=

Weight=

Figure A.3 Section properties hybrid bulb tee HBT66x61

b= 61.00 in
Te= 4.00 in

4.00 in
7.00 in
1172.40 in?
729521.00 in*
34.30 in
21268.83 in®
24.94 in
31.70 in
23013.28 in’®
1222.00 Ib

8.00in
45.50 in

/14

=
=~ =
3
tfb| kfb kft |t

bfb

21173 in
17.64 ft



Height of Steel Deck Rib (f) 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <——— be= 114.00 in ——m——>
(AAST0 4.6.2.6) <—— be= 86.18 in ————>
< 61.00in—>
A
7.50i\T/
0.50in
A (in?)= 646.32 66.00in Yneq= 47.32in
45.50in
<-40.00in—>
Ag(in?)= 1172.40
l,(mm®*)= 7.30E+05
Section Area (in?) y (in) Ay (in) 1, (in%) d, (in) A.d(in%) Position y (in) s(in’)
Beam 1172.40 34.30 4.02E+04 7.30E+05 -13.02 1.99E+05 Top Slab 26.68 6.34E+04
Haunch 23.06 66.25 1.53E+03 4.80E-01 18.93 8.27E+03 Top Beam 18.68 6.85E+04
Slab 646.32 70.25 4.54E+04 3.03E+03 22.93 3.40E+05 Bott Beam 47.32 2.70E+04
A= 1841.78 in’
y= 47.32 in
= 1.286+06 in”

Figure A.4 Composed section properties HBT66x61 with 8 in deck and 9.5 ft effective

width
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Table A.1 Dead load design example span 110 ft

Distributed Loads SPAN 1and 2
Beam self-weight= 1.015 kip/ft
Concrete Deck= 0.950 kip/ft
Concrete Haunch= 0.026 kip/ft
Stay-in-Place Forms= 0.015 kip/ft
Diaphragms= 0.000 kip/girder
Total DC non Composite= 2.01 kip/ft
Rail Barriers*= 0.12 kip/ft
Total DW non Composite 2.01 kip/ft
Future Wearing Surface= 0.025 kip/ft?
Total DW Composite= 2.01 kip/ft

Following the calculation of the bridge loading, live load needs to be determined. AASHTO-LFRD allows
the use of advanced methods to determine the load distribution factors, which are used for the 3D
model. Nonetheless, the specification lists equations to compute those factors depending on the
superstructure type in Table 4.6.2.2.2b-1. Before the computation of the distribution factors, the
longitudinal stiffness parameter, K, is needed where A is the gross area of the beam, n is the modulus
of elasticity ratio and e is the distance between the center of gravity of the beam and the deck.

Figure A.6 3D model created for LEAP bridge concrete.

E
n=-= [A.19]
ECS
B 5072ksi _ 137278
" = 3834k '
Ky =n(1+ Aey?) [A.20]

K, = 1.3228(729,521in* + 1,172.40in?(35.95in%)?) = 2.97 x 10%in*

TMoment = 1 — ¢1(tan )™ = 1.0 [A.21]



3

0.3

12Lt

Tshear = 1.0 + 0.20( = > ) tand = 1.0 [A.22]
g

Using the multiple presence factor as 1.00 corresponding to 2 lanes and a skewness of 0°, load

distribution factors for multiple and single lanes, for moments and shears, for a typical interior beams
are as follows:

e Load distribution factor for single lane loaded:

0.3 0.1

S\% /S K :
=00+ ()" () )
MGup 12 \I) \121es [A.23]

9.5ft)0'4 (9.5ft>0'3 2.97 x 10%in* \™" -
14 110 12(110)(7.5in)3 S

mgm,® = 0.06 + (

mguS! =1 My [A.24]
mgy>! = 1.0(0.55) = 0.55

e load distribution factor for multiple lanes loaded:

0.2 0.1

S 0.6 S K .
MI — . = - g A.25
mgup = 0.075 + (9.5) (L) (12Lt53) [A-23]

9.5ft>0'6 (9.5ft)0‘2 2.97 x 10%in* \*' 0.80
9.5 110 12(110)(7.5in)3 o

mgmp™' = 0.075 + (

mgu™ =1 my,™" [A.26]

mgyu™! = 1.0(0.80) = 0.80

e Load distribution factor for single lane loaded:

S
mgyp®! = 036+ [A.27]
951t
mngSI = 0.36 + 5 =0.74
mgyS = rmy,” [A.28]

mgyS! = 1.0(0.74) = 0.74
e Load distribution factor for single lane loaded:

2.0

S /S
Mgy, =020 + = — (ﬁ) [A.29]
95ft /9.5ft\*°
mgy,® = 0.20 + 1—; - (3—§> —0.92
mgyS! =rmy,” [A.30]

mgyS! = 1.0(0.92) = 0.92

A-12



Load distribution factor for external beams differ from the values presented before and can be
computed using the same table from the specifications. Additionally, these values were contrasted with
the results obtained from the 3D model. As it can be seen, values from the model agree with the ones
computed using the tables from the specifications. In summary, the values of the load distribution factor

for interior beams from the model are (see Figures A.7 to A.10):

e load distribution factor for single lane loaded: 0. 546
e Load distribution factor for multiple lanes loaded: 0.78
e load distribution factor for single lane loaded: 0.741

e load distribution factor for single lane loaded: 0.930

LIVE LOAD DISTRIBUTION FACTORS CONTOUR FOR ALL SPANS
Negative Moment, Single Lane

Legend:
0.675
0658
0.638
0.620

Beam: 1

Beam:

Beam:

Beam:

Beam:
Brg 01L 0.2L 0.3L 0.4L O.5L O5L O.FL O.BL O.5L Brg O0.1L O.2L D.3L 0.4L O.5L 0.6L O.7L O.BL 0.8L Brg

}< Span 1 A‘ Span: 2 >‘

Locations

Figure A.7 Load distribution factors for moments—single lanes loaded 3D model



LIVE LOAD DISTRIBUTION FACTORS CONTOUR FOR ALL SPANS

Negative Moment, Multi Lane Legend:
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o
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Beam:
Beam:

Beam:
Brg 0.1L 0.2L 0.3L 0.4L O.5L 0O.5L O.YL O.BL 0.8L Brg 0.1L 0.2L O.3L 0.4L 0.5L 0.6L O.7L 0O.BL 0.9L Brg
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Figure A.8 Load distribution factors for moments—multiple lane loaded 3D model

LIVE LOAD DISTRIBUTION FACTORS CONTOUR FOR ALL SPANS

Shear, Single Lane _
Legend:
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Figure A.9 Load distribution factors for shears—single lane loaded 3D model

A-14



LIVE LOAD DISTRIBUTION FACTORS CONTOUR FOR ALL SPANS
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Figure A.10 Load distribution factors for shears—multiple lanes loaded 3D model

Once the load distribution factors were calculated, the live load is needed. This is composed by the
following according to the AASHTO LFRD Specifications:

i Design Truck (see Figure A.11) or Design Tandem (pair of 25kips axles spaced 4 ft apart)

1
8.0KIP 320 KiP 320 KIP |.6-0

1] " . bl L] |JI
-L 90" | 40" 10 300"

Figure A.11 Design truck AASHTO LFRD (AASHTO, 2015)
ii. Design lane load (The design lane load shall consist of a load of 0.64kif uniformly
distributed in the longitudinal direction. Transversely, the design lane load shall be
assumed to be uniformly distributed over a 10.0 ft width.)

The extreme force effect shall be taken as the larger of the following:

i.  The effect of the design tandem combined with the effect of the design lane load, or



ii.  The effect of one design truck with the variable axle spacing specified in Article 3.6.1.2.2,
combined with the effect of the design lane load, or

iii. For negative moment between points of contra-flexure under a uniform load on all spans,
and reaction at interior piers only, 90 percent of the effect of two design trucks spaced a
minimum of 50.0 ft between the lead axle of one truck and the rear axle of the other
truck, combined with 90 percent of the effect of the design lane load. The distance
between the 32.0kip axles of each truck shall be taken as 14.0 ft.

Dynamic load allowance is taken as 33% for Service and Strength limit states and 15% for fatigue and
fracture limit state according to the LFRD table 3.6.2.1-1. Load effects are discretized by type and if it is
acting on the composite and non-composite section. Live loads were computed used a simple beam
element model in SAP2000° using the section properties described before and the loads summarized in
previous sections. Load effect results for dead and live loads are presented from Tables A.2 to A.5.

Load combinations correspond to the ones in Table 3.4.1-1 of the AASHTO LRFD Specifications.
Combinations used are Service | and lll, Strength |, lll and V, and Fatigue and Fracture. Shear and
moments resulting from the combinations used are presented in Tables A 6 and A 8. Finally a summary
of the design moments and shears is shown in Table A.9. In contrast, the 3D model produced a
maximum positive moment of 7,752kip ft, minimum negative moment of -4,080kip ft and maximum
shear of 393kips. Compared with the values obtained from the spreadsheet, these values are a
maximum of 4% lower only for moment. This may be explained due to the difference in load distribution
factors for moments and the automatic computation of the dead self-weight of the elements that differs
from the actual values for simplification.



Table A.2 Non-composite section dead load effects—two spans 110 ft
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Table A.9 Summary design shear and moments—strength limit state

SPAN 1
LOAD COMBINATION SHI‘EAR POSITIVF MOMENT NEGATI\{E MOMENT
(kip) (kip-ft) (kip-ft)
Strength | 397.26 7976.87 4257.70
Strength i 181.26 4450.60 1226.22
Strength V 347.89 7170.87 3447.55
SPAN 2
LOAD COMBINATION SHI.EAR POSITIVI-E MOMENT NEGATIV.E MOMENT
(kip) (kip-ft) (kip-ft)
Strength | 412.80 7976.87 4257.70
Strength Il 183.34 4450.60 713.27
Strength V 360.35 7170.87 3447.55

Once the design actions are computed, prestress forces in the strands are needed. Loss of prestress
(55.9.5) can be characterized in two different groups, instantaneous losses and time dependent losses.
Generally speaking, for pretensioned members total losses, Af,r, is the sum of losses due to elastic
shortening, Afygs, and the time dependent losses due to shrinkage, creep of concrete and relaxation of

the steel, Af,; 7. The loss due to elastic shortening in pretensioned members can be determined using

the formula presented in the commentary C5.9.5.2.3a as follows:

Ay fore(ly + e2Ay) — emMyA,

AprS - 5 AgIgEci
Aps(lg + emAg) + E—PS
where:
Ays = area of prestressing steel (in?) = 43strands x 0.153in? = 6.58in?
Ay = gross area of section (in?) = 1,172.40in?
E.; = modulus of elasticity of concrete at transfer (ksi) = 4,696ksi
Epg = modulus of elasticity of prestressing tendons (ksi) = 28,500ksi
em = average prestressing steel eccentricity at midspan (in.) = 30.77in
fobe = stress in prestressing steel immediately prior to transfer (ksi)
fopt = 0.75fp, = 202.5ksi
Iy = moment of inertia of the gross concrete section (in.4) = 729,521in*
M, = midspan moment due to member self-weight (kip-in.) = 1,798.21kip — ft
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(6.58)(202.5)((729,521) + (30.77)2(1,172.40)) —(30.77)(1,798.21)(1,172.40)

(974.30)(729,521)(4,696)
28,500

Aprs =
(6.58)((729,521) + ((30.77)2)(1,172.40)) +

Afpgs = 10.93ksi

Then the prestressing stress and force at transfer are the following:

fot = fove = Bfpes [A.32]
fpt = 202.5ksi — 10.93ksi = 191.57ksi (5.40% ef fective loss)

Py = fptAps [A.33]
P, = 191.57ksi (6.58in?) = 1,260.37kips

The approximate estimate of time-dependent losses due to creep of concrete, shrinkage of concrete and
relaxation of steel is computed according to formula $5.9.5.3-1, where f,; is prestressing steel stress
immediately prior to transfer (ksi), H is the average annual ambient relative humidity (%) taken as the
70% according to Figure S5.4.2.3.3-1, yy, is the correction factor for relative humidity of the ambient air
yn = 1.7 — 0.01H=1.0, y; is the correction factor for specified concrete strength at time of prestress
transfer to the concrete member 5/(1 + f' ;) = 0.71, and Afy,g is an estimate of relaxation loss taken
as 2.4 ksi for low relaxation strand.

fpiAps

A
g
Then the final effective prestress stress and force are computed. It is important to remark that according

AprT s 100

YnVst + 12.0ypYse + Afpr = 19.09ks [A.34]

to Table S5.9.3-1 stress limit for tendons after all losses is 80% of the prestressing steel yielding stress,
which in this case is 0.80(243ksi) = 194.4ksi. As it is shown, effective prestress stress for this example
is below this limit.

fpe = fpt - AprT [A.35]
fpe = 191.57ksi — 19.09ksi = 172.49ksi (14.82% ef fective total loss)

P, = freAps [A.36]
P, = 172,49ksi (6.58in?) = 1,134kips

Stress in prestressing strands at nominal flexural resistance is computed as described in 55.7.3.1. Since
there are bonded and debonded tendons, the simplified analysis described in 5.7.3.1.3b is used.
Variation from bonded strands only is that for debonded tendons the stress is conservatively taken as
the effective stress, f,¢, and the total prestressing force must be taken as the sum of product between
the bonded (4,s;,) and unbonded (4,,) areas and the ultimate stress of the tendons and the effective
stress of the tendons, respectively. Additionally, as a result of the reinforcing steel, prestressing steel
pattern and section properties, the composite section behavior is to be taken as rectangular since the
value of distance between the neutral axis and the compressive face, c, is less than the slab structural
thickness. Then the calculation of the prestressing strands at nominal flexural resistance is:

A + Apsulpe + Asfs — A'sf’
c= psbfpu psulpe sfs sf's = 2.93in

A37
0.85f.f1b + kA,,S]:?i’—” [A.37]
D
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k=2 (1.04 _ ﬁ’—y> — 028 [A.38]
pu
fos = fou (1 _ kdi) — 266.86ksi [A.39]

p
Prestressing force is assumed to vary linearly from 0.0 at the beam end, to a maximum value at the

transfer length. Between transfer length and the development length this variation is parabolic,
however, as a simplification, this change is often assumed to be linear. Transfer length is taken as 60
times the diameter of the strand, which in this case is 30 in. Pretension strands shall be bonded beyond
the section required to develop fpg for a development length, [, in inches, where [; shall satisfy
(55.11.4.2), factor K is taken as 2.0 since the strand configuration is composed of both bonded and
unbonded tendons as recommended in S5.11.4.3:

lg =K (fps - gfpe) dp [A.40]

2 2
K (fps - §fp3) dy, = 2.0 (266.86ksi -3 172.49ksi) 0.5in = 121.50in

A full profile of prestressing strand forces is needed in order to compute stresses in every point of the
girder as presented in Table A.10. Using these, the flexural stresses at transfer, under the Service limit
state combinations, and under the Fatigue limit state actions are checked. Examples shown in Appendix
B also checked construction stage flexural stresses that are not shown in this example.

Limiting stresses for concrete according to S5.9.4 were utilized, with values before and after losses
considered as described in the AASHTO LRFD Specifications. Before losses, limit stresses are the
following:

Compression:

fiim-com-bt = O-6f’ci [A.41]
frim-com-pt = 0.6(6.0ksi) = 3.6ksi

Tension: The stress limit in areas with bonded reinforcement sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an un-cracked section is

fiim—ten-p1 = 0.24 f’ci [A.42]
fiim—ten—p1 = 0.24(V6.0ksi) = 0.58ksi

Limit stresses after losses are computed not only for the prestressed concrete section but also for the
reinforced concrete slab. Compression limits are taken from Table $5.9.4.2.1-1 and tension limits from
Table S5.9.4.2.2-1. Limit stresses are the following:

Compression: Due to the sum of effective prestress and permanent loads

flim-com—ai-b = 0-45f,cb [A.43]
fiim-com—ai—p = 0.45(7.0ksi) = 3.15ksi
flim—com—-ai—cs = 0-45flccs [A.44]

Frim—com—alcs = 0.45(4.0ksi) = 1.80ksi
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Compression: Due to the sum of effective prestress, permanent loads and transient loads

fiim-com—ai-b = 0-6®wf’cb [A.45]
frim-com—ai—p = 0.6(1.0)(7.0ksi) = 3.15ksi
flim-com—ai-cs = 0-6®wf’ccs [A.46]

Frim—com—ai—cs = 0.6(1.0)(4.0ksi) = 1.80ksi

Tension: For components with bonded prestressing tendons or reinforcement that are subjected to not
worse than moderate corrosion conditions.

fiim-ten-ai-p = 0.19y f,cb [A.47]
fiim—ten—ai—p = 0.19(¥7.0ksi) = 0.50ksi
fiim-ten-ai—cs = 0.19 f,ccs [A.48]

fiim—ten—ai—cs = 0.19(V4.0ksi) = 0.38ksi

Finally, limit stresses for fatigue and fracture limit state also need to be checked. Provisions from Section
S5.5.3.1 are considered. Limits are only computed to the prestressed section.

Compression: Due to the Fatigue | load combination and one-half the sum of the unfactored effective
prestress and permanent loads.

fiim—com-a1 = 0-40f,cb [A.49]
frim-com-ai = 0.40(7.0ksi) = 2.80ksi

Tension: Due to the Fatigue | load combination and one-half the sum of the unfactored effective
prestress and permanent loads.

flim—ten—al = 0-095\/ f’c [A.50]
fiim—ten—ai = 0.095(V7.0ksi) = 0.25ksi

It is important to note that the sign convention utilized id that, compressive stresses are considered to
be negative, and tension stresses as positive. Flexural stresses at transfer are computed as follows:

f _ Bys + Byseo My (A5
transfer — ~ —, L ¢ .
! Ay~ Sy TS,
Where:
Bys = Prestressed strand force at transfer
Ay = Gross area non-composite section
€o = Eccentricity of the prestressing force at each point of the beam
Sy = Section moduli - non-composite - top or bottom of beam accordingly
M, = Moment due to girder self-weight only
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Table A.10 Prestressing strand forces—two spans 110 ft
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As an example, the computation of stresses at mid-span of span 1 are presented. Summary of stresses at
transfer is shown in Table A.11. As can be seen, stresses obtained are below the stress limits noted
before.

Top of Beam:
1,798kip — ft (122
P 1,260.37kips  1,260.37kips(30.77in) ip—f Tt 0.33ksi
= — - - — . = —U. Sl
transfer 1,172.40in? 20,013in3 23,013in3
Bottom of Beam:
1,798kip — ft (122
P 1,260.37kips  1,260.37kips(30.77in) L ip—f Tt L88ksi
= — - - - . = —1. Sl
transfer 1,172.40in? 21,268in3 21,268in3
Table A.11 Flexural stresses at transfer—two spans 110 ft
SPAN 1
STRESSES (ksi)
LOCATION
Group
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.08 0.18 0.01 -0.18 -0.29 -0.33 -0.29 -0.18 0.01 0.17 0.00
Check OK OK OK OK OK OK OK OK OK OK OK OK
Bot of Beam 0.00| -0.54 -2.44 -2.25 -2.05 -1.92 -1.88 -1.92 -2.05 -2.25 -2.42 0.00|
Check OK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
STRESSES (ksi)
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.17 0.01 -0.18 -0.29 -0.33 -0.29 -0.18 0.01 0.17 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
Bot of Beam 0.00 -2.42 -2.25 -2.05 -1.92 -1.88 -1.92 -2.05 -2.25 -2.42 0.00
Check OK OK OK OK OK OK OK OK OK OK OK

Stresses of the Service limit state need to address two aspects. Firstly, according to AASTHO 5.14.1.4.6 a
cast-in-place composite deck slab shall not be subject to the tensile stress limits for the service limit
state after losses. Secondly, at the service limit state after losses, when tensile stresses develop at the
top of the girders near interior supports, the tensile stress limits specified in Table 5.9.4.1.2-1 for other
than segmentally constructed bridges shall apply. The specified compressive strength of the girder
concrete, f'., shall be substituted for f',; in the stress limit equations. Flexural stresses under service
limit state (after losses) are computed as follows:

P, Pey M M M
4 Ze€o  Mone | Mpc  Miic

e

fservice - E - Sx L Sx =S T Sec [A.52]
Where:
Bys = Prestressed strand force after losses
Agy = Gross area hon-composite section
€o = Eccentricity of the prestressing force at each point of the beam
Sy = Section moduli - non-composite - top or bottom of beam accordingly
Mpne = Moment due to Dead Load acting on the non-composite section
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Mpc Moment due to Dead Load acting on the composite section
Sxec = Section moduli - composite - top or bottom of beam accordingly
My c = Moment due to Live Load acting on the composite section

Following the same procedure for the stresses at transfer, a calculation example of final stresses at mid-
span of span 1 is presented as a guide. Summary of final stresses is shown in Tables A 12 and A 13.
Again, stresses obtained are below the stress limits noted beforehand.

Top of Beam:

_ 1,134kips  1,134kips(30.77in) (3,264kip—ft 261kip—ft>( in)
fservice = 1,172.4in? 23,013in3 23,013in3 68,473in3 ft

fservice = —1.20ksi

Bottom of Beam:

_ 1134kips  1,134kips(30.77in) (3,264kip —ft N 261kip — ft) (1 in)
fservice = 1,172.4in? 21,268in3 21,268in3 27,039in3 ft

fservice = —0.65ksi

Top of Slab:

261kip — ft in
Jservice =~ ~g3 275im3 (

12—) = —0.05ksi
ft

Slabs above multi girder systems do not need a fatigue limit state check (AASTHO LRFD S5.5.3).
According to AASTHO LRFD S5.5.3, fatigue limit state stresses need to be checked using half the
combined effects of prestressing and permanent loads along with the live load corresponding to Fatigue
| load Combination (Truck only). Parameter definition is the same as service limit state.

1 P, Pey  Mpyc | Mpc My c
fservice = E <_ = + g T S + +
x x xC

A
g xC
Finally, an example calculation of stresses at mid-span of span 1 is presented. Summary of stresses at

transfer is shown in Table A.14. Stresses obtained are below the stress limits required.

[A.53]

Top of Beam maximum:

_1(_ 1134 1134(3077) 3264 261 1 La2lx12 ) siksi
Jratigue = 3 1,172.40 23,013 23,013 ' 68,473 68473
Top of Beam minimum:
1 1,134 1,134(30.77) 3264 + 261 ] + 327 x 12 0.54ksi
. = —| — - X —ZaAi7a Y
fratigue =7 1,172.40 23,013 23,013 68,473 68,473 si

Bottom of Beam maximum:
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1 1,134 1,134(30.77) + [ 3264 4 261 % 12 1,221 x 12 0.22ksi
fratigue = 5\ =~ 177240 21,268 21,268 ' 27,039 27,039 eLkst
Bottom of Beam minimum:

1 1,134 1,134(30.77) 3264 + 261 ] % 12 327 x 12 0.47ksi
fratigue = 5\ ~T172.40 21,268 21,268 ' 27,039 27,039 st
Table A.12 Flexural stresses at service I limit state—two spans 110 ft
SERVICE |
SPAN 1
STRESSES (ksi)

FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
LOCATION
Group
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00| 0.07 -0.17 -0.58 -0.93 -1.14 -1.20 -1.12 -0.89 -0.53 -0.11 0.09
Check OK OK OK OK OK OK OK OK OK OK OK OK
Bot of Beam 0.00| -0.48 -1.80| -1.33 -0.94 -0.71 -0.65 -0.76 -1.03 -1.46 -1.97 -0.22
Check OK OK OK OK OK OK OK OK OK OK OK OK
Top of Slab 0.00| 0.00] -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10
Check OK OK OK OK OK OK OK OK OK OK OK OK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.00] 0.07 -0.32 -0.84 -1.26 -1.50 -1.55 -1.43 -1.14 -0.67 -0.14 0.16
Check OK OK OK OK OK OK OK OK OK OK OK OK
T of BMin 0.00| 0.07 -0.15 -0.54 -0.87 -1.06 -1.10 -1.00 -0.75 -0.37 0.09 0.44]
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of B Max 0.00] -0.48 -1.41 -0.66 -0.10 0.20] 0.24] 0.04 -0.41 -1.09 -1.88 -0.39
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of B Min 0.00| -0.48 -1.85 -1.43 -1.09 -0.92 -0.91 -1.06 -1.38 -1.87 -2.47 -1.12
Check OK OK OK OK OK OK OK OK OK OK OK OK
T of S Max 0.00| 0.00 -0.19 -0.33 -0.41 -0.44 -0.43 -0.38 -0.28 -0.14 0.01 0.17
Check OK OK OK OK OK OK OK OK OK OK OK OK
Tof S Min 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.09 0.14 0.19 0.27 0.48
Check OK OK OK OK OK OK OK OK OK OK OK REINF
SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam) 0.09 -0.11 -0.53 -0.89 -1.12 -1.20 -1.14 -0.93 -0.58 -0.18 0.00|
Check oK oK OK OK oK oK oK oK OK OK oK
Bot of Beam -0.22 -1.97 -1.46 -1.03 -0.76 -0.65 -0.71 -0.94 -1.33 -1.79 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
Top of Slab 0.00 -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10]
Check oK oK OK OK oK oK oK OK OK oK OK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.16 -0.14 -0.67 -1.14 -1.43 -1.55 -1.50 -1.26 -0.84 -0.33 0.00]
Check OK oK OK OK oK oK oK oK OK OK oK
T of B Min 0.44 0.09 -0.37 -0.75 -1.00 -1.10 -1.06 -0.87 -0.54 -0.16 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
B of B Max -0.39 -1.88 -1.09 -0.41 0.04 0.24 0.20 -0.10 -0.66 -1.40 0.00|
Check OK OK OK OK OK OK OK OK OK OK OK
B of B Min -1.12 -2.47| -1.87 -1.38 -1.06 -0.91 -0.92] -1.09] -1.43 -1.84 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
T of S Max 0.07 -0.06 -0.20 -0.32 -0.40 -0.43 -0.42 -0.37 -0.27 -0.12 0.10]
Check OK OK OK OK OK OK OK OK OK OK OK
Tof S Min 0.38 0.19 0.13 0.10 0.08 0.06 0.05 0.05 0.06 0.07 0.10
Check REINF OK OK OK OK OK OK OK OK OK OK

T of B =Top of Beam; B of B = Bottom of Beam; T of S = Top of Slab.
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Table A.13 Flexural stresses at service III limit state—two spans 110 ft

SERVICE IlI

SPAN 1
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS

Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.5L 0.9L 1.0L
Top of Beam 0.00 0.07 -0.17] -0.58 -0.93 -1.14) -1.20) -1.12) -0.89) -0.53 -0.11 0.09
Check oK oK oK oK oK oK oK oK oK oK OK oK
Bot of Beam 0.00 -0.48 -1.80) -1.33] -0.94] -0.71 -0.65 -0.76) -1.03] -1.46) -1.97] -0.22
Check oK oK oK oK oK oK oK oK oK oK oK oK
Top of Slab 0.00 0.00 -0.03 -0.04) -0.05 -0.06) -0.05 -0.04] -0.01] 0.01 0.05 0.10
Check oK oK oK oK oK oK oK oK oK oK oK oK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.5L 0.9L 1.0L
T of BMax 0.00 0.07 -0.29) -0.79) -1.19 -1.42 -1.48] -1.37] -1.09) -0.65 -0.13 0.14
Check oK oK oK oK oK oK oK oK oK oK oK oK
T of BMin 0.00 0.07 -0.15] -0.55) -0.88 -1.07] 112 -1.02) -0.78 -0.40) 0.05 0.37
Check oK oK oK oK oK oK oK oK oK oK oK oK
B of B Max 0.00 -0.48 -1.49) -0.79) -0.27 0.02 0.06 -0.12) -0.53] -1.17) -1.90 -0.36
Check oK oK oK oK oK oK oK oK oK oK oK oK
B of B Min 0.00 -0.48 -1.84) -1.41] -1.06 -0.87] -0.85 -1.00) -1.31] -1.79) -2.37] -0.94]
Check oK oK oK oK oK oK oK oK oK oK oK oK
T of S Max 0.00) 0.00) -0.16) -0.27] -0.34) -0.37] -0.35 -0.31] -0.23) -0.11 0.02 0.15
Check oK oK oK OK oK oK oK oK oK OK OK oK
Tof S Min 0.00 0.00 -0.01] -0.01] 0.00 0.01 0.04 0.07 0.11 0.15 0.22 0.40
Check oK oK oK oK oK oK oK oK oK oK oK REINF
SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
Group LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam| 0.09 -0.11 -0.53 -0.89 112 -1.20) -1.14) -0.93 -0.58) -0.18] 0.00
Check oK oK OK oK oK oK oK oK oK oK oK
Bot of Beam -0.22 -1.97 -1.46 -1.03 -0.76 -0.65 -0.71 -0.94 -1.33 -1.79 0.00)
Check oK oK oK oK oK oK oK oK oK oK oK
Top of Slab 0.00 -0.03 -0.04) -0.05 -0.06) -0.05 -0.04) -0.01] 0.01 0.05 0.10
Check oK oK OK OK oK oK oK oK oK oK oK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0
T of B Max 0.14 -0.13 -0.65 -1.09 -1.37 -1.48 -1.42) -1.19) -0.79) -0.30) 0.00
Check oK oK OK OK oK oK oK oK OK OK oK
T of B Min 0.37 0.05 -0.40) -0.78 -1.02 -1.12 -1.07] -0.88) -0.55 -0.16] 0.00
Check oK oK oK oK oK oK oK oK oK oK oK
B of B Max -0.36 -1.90) -1.17) -0.53 -0.12 0.06 0.02 -0.27] -0.79 -1.48 0.00)
Check oK oK oK oK oK oK oK oK oK oK oK
B of B Min -0.94] -2.37) -1.79) -1.31 -1.00) -0.85 -0.87) -1.06) -1.41] -1.83 0.00
Check oK oK oK oK oK oK oK oK oK oK oK
T of S Max 0.15 0.02 -0.11] -0.23 -0.31 -0.35 -0.37 -0.34 -0.27 -0.16 0.00)
Check oK oK oK oK oK oK oK oK oK oK oK
Tof S Min 0.40 0.22 0.15 0.11 0.07 0.04 0.01 0.00 -0.01] -0.01 0.00
Check REINF oK oK oK oK oK oK oK oK oK oK

T of B =Top of Beam; B of B = Bottom of Beam; T of S = Top of Slab.

An earlier calculation showed how to obtain the value of distance between the neutral axis and the
compressive face , ¢, which for mid-span is 2.93-in. Multiplying this value by the factor §; set as 0.85,
the depth of the equivalent stress block , a, can be found and is 2.49-in. As mentioned before, the
section is treated as a rectangular section, which means that the web width of a T section, b,,, has to be
taken as b, in Equation S5.7.3.2.2-1, which is used to calculate the nominal flexural resistance.
Additionally, no additional tension reinforcement is considered. The slab reinforcement is used as
compression steel and the resistance factor for flexure is taken as 1.00 since the section is tension
controlled (further computations can be found in Appendix B). The resulting expression is given as
follows:
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a ! ! ! a
Mn=Ap51;5(dp—§)—,45fy(ds—§) [A.54]
2.49in\] ft

2 ) 12in

2.49in
oM, = [6.58in2 (266.86kst) (70.46in - T) — 13.19in?(60ksi) (2.81in -

oM , =10,006 - >M , =7977 -

Table A.14 Flexural stresses at fatigue and fracture limit state—two spans 110 ft

FATIGUE |

SPAN 1

STRESSES (ksi)

FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS

Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.00 0.04 -0.18 -0.45 -0.67 -0.79 -0.81 -0.75 -0.60 -0.36) -0.09 0.04
Check OK OK OK OK OK OK OK OK oK 0K oK oK
Tof BMin 0.00 0.04 -0.07 -0.27 -0.43 -0.52 -0.54] -0.49 -0.37 -0.17] 0.05 0.16
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of B Max 0.00 -0.24 -0.66 -0.25 0.04 0.20 0.22 0.11 -0.13 -0.49 -0.90 -0.11
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of BMin 0.00 -0.24] -0.93 -0.72 -0.56 -0.47| -0.47 -0.55 -0.72 -0.96) -1.25 -0.40]
Check OK OK OK oK oK OK OK OK OK oK OK OK
SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.04 -0.09 -0.36 -0.60] -0.75 -0.81 -0.79 -0.67 -0.45 -0.18] 0.00
Check OK OK 0K oK OK OK OK OK OK OK OK
Tof BMin 0.16 0.05 -0.17 -0.37 -0.49 -0.54] -0.52 -0.43 -0.27] -0.08| 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
B of B Max -0.11 -0.90 -0.49 -0.13 0.11 0.22 0.20] 0.04] -0.25 -0.65 0.00
Check OK OK OK oK OK OK OK OK 0K OK OK
B of B Min -0.40] -1.25 -0.96 -0.72 -0.55 -0.47 -0.47 -0.56 -0.72 -0.92 0.00
Check OK OK OK OK OK OK OK OK OK OK OK

T of B = Top of Beam; B of B = Bottom of Beam.

As shown, the section proposed together with the assumed stand pattern has an adequate flexural
capacity to resist the loading on the bridge. Nevertheless, further checks need to be done. Those checks
include: minimum reinforcement for flexure, flexural resistance for the negative moment region as well
as the minimum reinforcement for those sections, distributing reinforcement in the slab for crack
control, longitudinal steel at top of the girder, complete shear design, complete design of the continuity
connection in the negative moment zones (positive and negative moment detailing), confinement
reinforcement, and the deformation due to live load. All of these calculations and designs are included
in the spreadsheets used for the design of this type of structure and can be seen in Appendix B. For
further explanations, design examples from FHWA and PCl can be consulted. Finally, and acknowledging
that all of these complementary calculations are important for the complete design of the section, the
aim of this example was simply to show that the section selected is adequate in terms of limiting
stresses and flexural resistance. Further design details and calculations are included in Appendix B.
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APPENDIX B. SELECTED EXAMPLES OF BRIDGE DESIGNS

This research is focused on the superstructure only; the substructure was not designed for any of the
bridges considered. Generalization of soil and foundation types throughout Indiana is not within the
scope of this research.

Spread sheets that include applicable sections of the LRFD and the Indiana Design Manual specifications
were created for every design option. As an input, live load envelopes were generated using a simple
beam element model in SAP2000°®. The models were also used to check deflection limits. Limit states
checked are service, strength and, fatigue and fracture. Different design examples were considered as a
basis. Examples from the Federal Highway Administration (FHWA) (Wassef et al., 2003) and (Chavel and
Carnahan, 2012), different Departments of Transportation (DOT’s) (Florida Department of
Transportation (2003), Parsons Brinckerhoff (2011), Grubb and Schmidt (2015), Hartle et al. (2003) and
Wisconsin Department of Transportation (2019) were used.

Even though different superstructure designs were performed for different span lengths and
configurations, all summaries are not detailed in this appendix. A separate document was assembled
including each one of the designs used for this research. For further analysis and checks, the Interim
Report: “Bridge Designs” submitted to INDOT in September 2018 should be consulted.

This appendix only shows a single design example for a concrete and a structural steel superstructure. In
concordance with the example given in Appendix A, a bulb tee two continuous span superstructure with
equal spans of 110 ft, is presented. In addition, for the same span length and configuration, a structural
steel plate girder superstructure design is presented for comparison. For both superstructure designs, a
bridge deck design is presented.
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Bridge Deck Design APPENDIX B: Two Spans Continuous
Bulb Tee superstructure SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

BRIDGE DECK DESIGN (Reinforced Concrete Section)

Table of Contents

1. MATERIALS PROPERTIES
1.1 CONCRETE
1.3 REINFORCEMENT STEEL

2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)
2.1 Concrete

3. GEOMETRIC PROPERTIES

3.1 GENERAL

4. LOADS

4.1 DEAD LOAD (DC)

4.2 DEAD LOAD WEARING SURFACE (DW)

4.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)

4.3.1 Equivalent Strip Width (AASHTO 4.6.2.2)

5. MOMENTS

5.1 DEAD LOAD

5.2 LIVE LOAD

5.3 LOAD COMBINATIONS

5.4 DESIGN SHEAR AND MOMENTS

6. DESIGN OF REINFORCED CONCRETE

6.1 MOMENT CAPACITY - NEGATIVE (TOP) (AASTHO 5.7.3.2)

6.1.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)

6.1.2 Moment Capacity (AASHTO 5.7.3.2)

6.1.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4)

6.1.4 Fatigue Limit State Check (AASHTO 5.5.3, 5.7.1, 9.5.3)

6.1.5 Shrinkage and Temperature Reinforcement (Bottom bars) (AASHTO 5.10.8)

6.2 MOMENT CAPACITY - POSITIVE (BOTTOM) (AASTHO 5.7.3.2)

6.2.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)

6.2.2 Moment Capacity (AASHTO 5.7.3.2)

6.2.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4)

6.2.4 Transverse Distribution Reinforcement (Top bars) (AASHTO 5.14.4.1)

BRIDGE DECK DESIGN (Reinforced Concrete Section)

AASHTO LRFD Bridge Design Specifications U.S. Customary Units, Seventh Edition, 2014
1. MATERIALS PROPERTIES

1.1 CONCRETE 1.3 REINFORCEMENT STEEL AASTO A615, Grade 60
f'e= 4.00 ksi F= 60 ksi

Ec= 3834 ksi Fu= 30 ksi

Y= 0.150 kip/ft® E= 29000 ksi

n= 8.00 Y= 0.490 kip/ft®

AASHTO 3.7.1 The modular ratio, n, is rounded to the nearest integer number.
2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)
2.1 Concrete

Brens controlled= 0.90 Ppearing= 0.70 Pmoment= 0.90
PBsear™ 0.90 Pcomp contro™ 0.75

3. GEOMETRIC PROPERTIES

3.1 GENERAL

Slab Thickness (e)= 8.00 in Number of Lanes (N,)= 3.00 The distance from the centerline of girder to the design section for
Sacrificial Surface (sw)= 0.50 in Skew (°)= 0.00 ° negative moment in the deck (d,) should be taken equal to one-third
Width (W)= 44.00 ft Beams Separation (S)= 9.50 ft of the flange width from the centerline of the support (AASHTO
Number of Beams (N)= 6.00 beams ds= 15.00 in 4.6.2.1.6), but not to exceed 15 in.

3.3.1 CONCRETE BEAM

TYPE= HBULBTEE

Section= HBT 60x61
d= 60.00 in
byy= 40.00 in b= 61.00 in To= 8.00 in
Ti= 5.50 in Th= 4.00 in Hy= 39.50 in
bft
1
Ke= 4.00 in i 3
Kep= 7.00 in E
A= 1124.40 in” “
= 576476.00 in"
Xyp= 31.30 in S|
S 18417.76 in’ ‘o
o= 22.64 in

Xy= 28.70 in K
Sy= 20086.27 in® =
Weight= 1172.00 Ib L
bfb
4. LOADS @ }
4.1 DEAD LOAD (DC) E ‘
Concrete Deck= 0.100 kip/ftZ 77 )
Stay-in-Place Forms= 0.015 kip/ft [ ) f ! i/ T Ll Ty ! LT, A o
Total DC= 0.12 kip/ft® T L L e HCE L R B
Rail Barriers= 0.39 kip/ft/Barrier = ~ = - = 1
1of4
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Bridge Deck Design APPENDIX B: Two Spans Continuous
Bulb Tee superstructure SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

4.2 DEAD LOAD WEARING SURFACE (DW)

Future Wearing Surface= 0.035 kip/ft2 (Common Value used see FHWA examples)

4.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)

Live load is composed by the following:

i) Design Truck or design Tandem (pair of 25kips axles spaced 4ft apart) ii) Design lane load (The design lane load shall consist of a load of 0.64
kIf uniformly distributed in the longitudinal direction. Transversely, the
design lane load shall be assumed to be uniformly distributed over a
10.0-ft width.)

8OKIP 320 KIP 320 KIP

| o o' 10 30"

Using the approximate method of deck analysis (AASHTO 4.6.2), live load effects may be determined by modeling the deck as a beam supported on the girders. One or more axles may be
placed side by side on the deck (representing axles from trucks in different traffic lanes) and move them transversely across the deck to maximize the moments (AASHTO 4.6.2.1.6). To
determine the live load moment per unit width of the bridge, the calculated total live load moment is divided by a strip width determined using the appropriate equation from Table
AASHTO 4.6.2.1.3-1.

The specifications allow the live load moment per unit width of the deck to be determined using AASTHO Table A4.1-1. This table lists the positive and negative moment per unit width of
decks with various girder spacing and with various distances from the design section to the centerline of the girders for negative moment. This table is based on the analysis procedure
outlined above.

Dyn Load Allowance (IM)= 33% AASTO Table 3.6.2.1-1
4.3.1 Equivalent Strip Width (AASHTO 4.6.2.2)

The equivalent strip width defines the width of the slab that will be impacted by the live load within a design lane. The slab is designed based on the forces developed within this width.

The Cast-in-place option with stay-in-place concrete formwork is used according to the AASHTO Table 4.6.2.1.3-1 - Equivalent Strips

Strip Width Positive Moment (Epy)= 88.70 in +M = 26.0 + 6.65
Strip Width Negative Moment (Eyy)= 76.50 in —M = 48.0 +3.05
5. MOMENTS
5.1 DEAD LOAD
w52 Constant (c)= 10.00 Typically taken as 10 or 12
e c
Concrete Deck= 0.903 kip-ft/ft
Future Wearing Surface= 0.316 kip-ft/ft
Stay-in-Place Forms= 0.135 kip-ft/ft
5.2 LIVE LOAD
Positive Moment Live Load (M+)= 6.59 kip-ft/ft Dynamic Allowance is Included in the
Negative Moment Live Load (M-)= 4.04 kip-ft/ft values obtained from AASHTO A4.1-1
5.3 LOAD COMBINATIONS
COMBINATION Type LOADICASES
DC bw LL M BR ws wL FR TU TG Ic
Strength | M.ax 1.25 1.50 1.75 1.75 1.75 = = 1.00 1.20 = =
Min 0.90 0.65 1.75 1.75 1.75 - - 1.00 0.50 - -
Extreme [Max 1.25 1.50 0.50 0.50 0.50 = = 1.00 = = 1.00
Eventll  [Min 0.90 0.65 0.50 0.50 0.50 - = 1.00 ° ° 1.00
Service | Max 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00 0.50 =
Min 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.20 0.50 -
Service Il M.ax 1.00 1.00 1.30 1.30 1.30 = = 1.00 1.00 0.50 =
Min 1.00 1.00 1.30 1.30 1.30 - - 1.00 1.20 0.50 -
5.4 DESIGN SHEAR AND MOMENTS
SPAN 1
LOAD COMBINATION POSITIV.E MOMENT NEGATIV.E MOMENT
(kip-ft) (kip-ft)
Strength | 13.30 8.84
Extreme Event Il 5.07 3.79
Service | 7.94 5.39
Service Il 9.92 6.61
6. DESIGN OF REINFORCED CONCRETE
Reinforcement
Top Bottom Transversal Reinforcement
Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8"
Rebar Spacing (s)= 5.00 in Rebar Spacing (s)= 7.00 in Rebar Spacing (s)= 8.00 in
Agesar= 031in’ Agesar= 031in’ Aresar= 031in’
Agesor= 0.74 in’/ft Agesor= 0.53 in’/ft Ages Top= 0.46 in’/ft
Top Compression Region Bottom Compression Region
Rebar Number (#)= 0/8" Rebar Number (#)= 0/8"
Rebar Spacing (s)= 14.00 in Rebar Spacing (s)= 8.00 in
Arepar= 0.00 in® Arepar= 0.00 in®
AresTor= 0.00 in*/ft AregTop= 0.00 in*/ft
Coverygp= 2.50 in Measured to edge of top reinforcement
Covergor= 1.00 in Measured to edge of top reinforcement
20f4
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Bridge Deck Design APPENDIX B: Two Spans Continuous
Bulb Tee superstructure SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

6.1 MOMENT CAPACITY - NEGATIVE (TOP) (AASTHO 5.7.3.2)

Design strip width equal to 1 ft

b= 12.00 in

Peg= 7.50 in

6.1.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)

Factored Flexural Resistance, Mr, must be greater than or equal to the lesser of Mcr (Cracking Moment) or 1.33 Mu (Ultimate Moment)

B Vi= 1.60 Other structures
Mo =v3 (Vlfr + y2fcpe)Sc — Mgnc (5—:’: - 1)] f. = 024F, Se:Stop Vo= 1.00 None Prestressed
V3= 0.67 AASTO A615 Grade 60

Gross Moment of Inertia (lp)= 421.88 in’
Modulus of Rupture (f,)= 0.48 ksi AASHTO 5.4.2.6
Distance From Center of Gravity to Extreme tension fiber (y,)= 3.75in
Section Modulus (Srep)= 112.50 in®
Section Modulus of noncomposite subjected to tension(S,)= 112.50 in’
Total unfactored dead load acting on noncomposite(Mg,)= 1.35 kip-ft
Compressive Stress due to prestress (fee)= 0.00 ksi Minimum principal reinforcement according to
Cracking Moment (Mc, neg)= 4.82 kip-ft INDOT 404-2.01is#5 @ 8"
Ultimate Moment (M, _neg)= 8.84 kip-ft
Factored Flexural Resistance (My_neg)= 4.82 kip-ft

6.1.2 Moment Capacity (AASHTO 5.7.3.2)
B1 shall be taken as 0.85 for concrete strengths not exceeding 4.0 ksi. For concrete strengths exceeding 4.0 ksi B1 shall be reduced at a rate of 0.05 for each 1.0 ksi of strength in excess of

4.0 ksi, B1 shall not be taken to be less than 0.65. A negfy
B neg= 0.85 AASTHO 5.7.2.2 Cneg = —O-BSf;cﬁl negh
Depth of cross section in Compression (Cyeg)= 1.27 in _ o
Aneg = CnegPineg
Depth of equivalent stress block (ayeg) (AAsTHO 5.7.2.2)= 1.08 in
“ Creg/Aneg= 0.17 < 0.60, Reinforcement will yield
Mo neg = As negfy (dm,g - "2"’9) AASTHO Eq. 5.7.3.2.2-1
Nominal Flexural Resistance (ByM;_eg)= 14.08 kip-ft
Ultimate Moment (M, _neg)= 8.84 kip-ft oK
Factored Flexural Resistance (M neg)= 4.82 kip-ft oK
6.1.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4) die
de_neg™ 2.81in 3
e . . _ (kneg) p——b—A
dneg= 4.69 in Jneg =1 - T
Preg 00131 ok Ve
2
Kneg= 0.36 kneg = | (20negn) + (Pregn)” = (Pnegn) 4 e,
neg= 0.88 < dj
Ms neg e neg 700y, {
. =1+——"% s< —2d
oo neg As neginegdneg A 0.70(h — dq neg) Bafss enes [eNeNe: 7 — g fs
Service Moment (Ms_neg)= 6.61 kip-ft 2 =
Service Load Bending Stress (fs; neq)= 26.15 ksi
Bi= 1.86
Exposure Factor (y.)= 0.75 Class 2

Maximum separation of rebars (s,.)= 5.19 in

6.1.4 Fatigue Limit State Check (AASHTO 5.5.3, 5.7.1, 9.5.3)
Fatique need not be investigated for concrete slab in multi girder bridges (AASTHO 9.5.3 and 5.5.3.1)
6.1.5 Shrinkage and Temperature Reinforcement (Bottom bars) (AASHTO 5.10.8)

1.30bh
A spr = o 0.11 < A gy < 0.60
's_shr 2 (b ¥ h)fy 's_shr
b= 12.00 in
Nneg= 7.50 in
As = 0.74 in’
A reg= 0.05 in’

L2
Ao otin o]

6.2 MOMENT CAPACITY - POSITIVE (BOTTOM) (AASTHO 5.7.3.2)
Design strip width equal to 1 ft
b= 12.00 in
hpos= 7.50 in

30f4
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Bridge Deck Design APPENDIX B: Two Spans Continuous
Bulb Tee superstructure SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

6.2.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)
Factored Flexural Resistance, Mr, must be greater than or equal to the lesser of Mcr (Cracking Moment) or 1.33 Mu (Ultimate Moment)

S, V1= 1.60 Other structures
My =v3 (ylfr + yzfcpe)s,,. — Mgnc (S—:C - 1)] £o= 0247, SciSrop Vo= 1.00 None Prestressed
V3= 0.67 AASTO A615 Grade 60
Gross Moment of Inertia (lp)= 421.88 in’
Modulus of Rupture (f,)= 0.48 ksi AASHTO 5.4.2.6
Distance From Center of Gravity to Extreme tension fiber (y,)= 3.75in
Section Modulus (Srep)= 112.50 in®
Section Modulus of noncomposite subjected to tension(S,)= 112.50 in’
Total unfactored dead load acting on noncomposite(Mg,)= 1.35 kip-ft
Compressive Stress due to prestress (fee)= 0.00 ksi Minimum principal reinforcement according to INDOT 404-2.01
Cracking Moment (Mc, neg)= 4.82 kip-ft is#5 @ 8"
Ultimate Moment (M, _neg)= 13.30 kip-ft
Factored Flexural Resistance (My_neg)= 4.82 kip-ft

6.2.2 Moment Capacity (AASHTO 5.7.3.2)
B1 shall be taken as 0.85 for concrete strengths not exceeding 4.0 ksi. For concrete strengths exceeding 4.0 ksi B1 shall be reduced at a rate of 0.05 for each 1.0 ksi of strength in excess of

4.0 ksi, B1 shall not be taken to be less than 0.65. A f,

o = s posly
B1_pos= 0.85 AASTHO 5.7.2.2 795 = 0.85F o1 posh
Depth of cross section in Compression (Cpqs)= 091 in

. Aneg = CposP1_pos
Depth of equivalent stress block (apos) (AASTHO 5.7.2.2)= 0.77 in

Cpos/ Apos= 0.12 < 0.60, Reinforcement will yield

a,
My pos = As posfy (dpos - %) AASTHO Eq. 5.7.3.2.2-1
Nominal Flexural Resistance (@M, pos)= 13.98 kip-ft
Ultimate Moment (M, )= 13.30 kip-ft oK
Factored Flexural Resistance (M _;o5)= 4.82 kip-ft oK
6.2.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4) dk
de_pos= 131in K
- . o (kpos) f—b—
dpos™ 6.19 in Jpos =1— — .
Ppos= 0.0071 o = C
2
Kpos™ 028 kpos = |(20posn) + (posn)” = (Pposn) i —
Jpos= 0.91 d dj
Ms d 700y,
fospos =g——oa— =l i s <o = 2dene
5 posiposdpos 0.70(h = d. pos) 1 fss a0 e 7 — BTy
Service Moment (Ms_o5)= 9.92 kip-ft -
a
Service Load Bending Stress (fs; 505)= 40.42 ksi
Bs= 1.30
Exposure Factor (y.)= 0.75 Class 2

Maximum separation of rebars (s,.)= 7.34in

6.2.4 Transverse Distribution Reinforcement (Top bars) (AASHTO 5.14.4.1)
Transverse distribution reinforcement shall be placed in the bottoms of all slabs The amount of the bottom transverse reinforcement may be determined by two-dimensional analysis, or
the amount of distribution reinforcement may be taken as the percentage of the main reinforcement required for positive moment taken as:

100

— <50%

VL
100/vL= 3244 %
A o 0.46 in”
A req= 32.44 %

Ao 02erf o]

6.3 DESIGN FOR SHEAR
From AASHTO LRFD 5.14.4, "Slabs and slab bridges designed for moment in conformance with Article 4.6.2.3 - "Equivalent Strip Widths for Slab Type Bridges" may be considered
satisfactory for shear."

40f4

B-5



Superstructure Design APPENDIX B: Two Spans Continuous
Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

DESIGN OF INTERIOR BEAM - Continuous (PRESTRESSED BULB TEE BEAM - Composite Section)
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Superstructure Design
Bulb Tee

AP

PENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

DESIGN OF INTERIOR BEAM - Continuous (PRESTRESSED BULB TEE BEAM - Composite Section)

1. MATERIALS PROPERTIES

AASHTO LRFD Bridge Design Specifications U.S. Customary Units, Seventh Edition, 2014

2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)

1.1 CONCRETE FOR BEAMS 1.2 CONCRETE FOR SLAB 2.1 Steel
f'; (At transfer)= 6.00 ksi fi= 4.00 ksi Driexure™
fi= 7.00 ksi Ecs= 3834 ksi shear=
E, (At transfer)= 4696 ksi Ec/Ecs(n)= 1.32 Dcompression=
E= 5072 ksi Yo 0.150 kip/ft’ Orens Fracture™
. 3
¥ 0.150 kip/ft Oens vieaing™
1.3 REINFORCEMENT STEEL ~ AASTHO A615, Grade 60 1.4 PRESTRESSING STRAND Poolt bearing=
= 60 ksi Type= Low Relaxation Strand
= 80 ksi Fyps= 243 ksi
= 29000 ksi Fups= 270 ksi
Y= 0.490 kip/ft’ Eps= 28500 ksi
Y ps= 0.490 kip/ft’
1.5 ATMOSFERIC PARAMETERS
Time of Transfer= 1.00 Day Corrosive Conditions= Moderate
Average Humidity= 70%
3. GEOMETRIC PROPERTIES Diaphragm Thickness=
3.1 GENERAL Overall Length= 220.00 ft Soverhang=
Slab Thickness (e)= 8.00 in Span 1 Length= 110.00 ft Beams Separation (S)=
Sacrificial Surface (sw)= 0.50 in Span 2 Length= 110.00 ft Number of Beams (N)=
Haunch (hu)= 0.50 in Unbraced Length (L,)=
Dist Brg to Brg (Lb) Span 1= 108.50 ft Bent Length= 0.50 ft Distance to end of beam=
Dist Brg to Brg (Lb) Span 2= 108.50 ft Dist to bearing End Spans= 0.50 ft Dist to bearing Mid span=
3.2SPANS 1
3.2.1 CONCRETE BEAM
TYPE= HBULBTEE
Section= HBT 66x61
d= 66.00 in
bg,= 40.00 in bg= 61.00 in T.,= 8.00 in Perimeter=
Ti= 5.50 in T= 4.00 in Hy= 45.50 in
bft
T i
K= 4.00 in l\ sz
Kep= 7.00 in E
A= 1172.40 i’ i
I= 729521.00 in*
Xyp= 3430 in -
.3
S= 21268.83 in s
= 24.94 in
Xu= 31.70 in
.= 23013.28 in’ ﬁk
Weight= 1222.00 Ib v 2
bfb
3.2.2 COMPOSITE SECTION
Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <—— be= 114.00 in ————>
(AASTO 4.6.2.6) <—— be= 86.18 in ———>
< 61.00in—>
A
7.50i\nL
0.50in
A (in’)= 646.32 66.00in 47.32in
45.50in
5.50in
<- 40.00in—>
Ag (in?)= 1172.40

Iy(mm*)= 7.30E+05

20f24
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0.90 Ppot shear™ 0-80
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0.80 Pwelgs= 080

0.00 in
2.50 ft
9.50 ft
5.00 beams
0.00 ft
0.50 ft
1.00 ft

211.73 in
17.64 ft



Superstructure Design

APPENDIX B:

Two Spans Continuous

B-8

Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft
Section Area (in) y (in) Ay (in’) 1o (in%) d, (in) A.d?(in) Position y (in) s (in’)
Beam 1172.40 34.30 4.02E+04 7.30E+05 -13.02 1.99E+05 Top Slab 26.68 6.34E+04
Haunch 23.06 66.25 1.53E+03 4.80E-01 18.93 8.27E+03 Top Beam 18.68 6.85E+04
Slab 646.32 70.25 4.54E+04 3.03E+03 22.93 3.40E+05 Bott Beam 47.32 2.70E+04
A= 1841.78 in’
y= 47.32 in
= 1.28E+06 in*
3.2.3 STRANDS CONFIGURATION
3.2.3.1Ends
Distance from the bottom of the beam to the center of strands
Concrete Cover= 1.75 in Strands Diameter= 1/2 in
Strands Separation= 2.00 in Type= Seven Wire Strand (270)
Draped Strands? Yes Strands Area= 0.15 in’
Draped Length= 20.00 ft Top Beam to 1st Strand= 5.00 in
Debonded Strands? No
Draped Strands Top Strands
Row Location Strands Debonded Bonded Row Location Bonded Row Debonded Bonded
1 2.00 17.00 0.00 17.00 1 47.00 0.00 1 0.00 0.00
2 4.00 19.00 0.00 19.00 2 49.00 0.00 2 0.00 0.00
3 6.00 4.00 0.00 4.00 3 51.00 0.00 3 0.00 0.00
4 8.00 0.00 0.00 0.00 4 53.00 0.00 4 0.00 0.00
5 10.00 0.00 0.00 0.00 5 55.00 0.00 5 0.00 0.00
6 12.00 0.00 0.00 0.00 6 57.00 0.00 6 0.00 0.00
7 14.00 0.00 0.00 0.00 7 59.00 0.00 7
8 16.00 0.00 0.00 0.00 8 61.00 3.00 8
3.2.3.2 Mid Span
Top Strands
Row Location Strands Row Location Strands
1 2.00 17.00 1 47.00 0.00
2 4.00 19.00 2 49.00 0.00
3 6.00 7.00 3 51.00 0.00
4 8.00 0.00 4 53.00 0.00
5 10.00 0.00 5 55.00 0.00
6 12.00 0.00 6 57.00 0.00
7 14.00 0.00 7 59.00 0.00
8 16.00 0.00 8 61.00 0.00 5
1-————"n
ENDS MID SPAN
3.2.4 CONCRETE SLAB
Top Bottom st
Rebar Number (#)= 5 /8" Rebar Number (#)= 5/8" Extra Reinf Top
Rebar Spacing (s)= 4.00 in Rebar Spacing (s)= 6.00 in
2 L2
Agesar= 031 mz Agesar= 031 Inz {: b 7/////47/////27/////////////////
Aves 1op= 0.92 in’/ft Aves sor= 0.61 in’/ft —« \ S —
Top Compression Region (Extra Reinf) Bottom Compression Region (Extra Reinf) 2 Jg \ 7 , _ < z N AN °
Rebar Number (#)= 0 /8" Rebar Number (#)= 6 /8" . N ! /~ o "o e ' —
Rebar Spacing (s)= 8.00 in Rebar Spacing (s)= 6.00 in - ! = L @
Ancons= 0.00 in’ Ancons= 0.44 in’
Ages extra TOP= 0.00 in’/ft Ages extra BOT= 0.88 in’/ft Reinf |Bot. She Extra Reinf Bot
Coverop= 2.50 in Measured to edge of top reinforcement b
Covergor= 1.00 in Measured to edge of Bottom reinforcement
NEGATIVE MOMENT REGION
Total Reinf Top (A,rop)= 7.98 in’ Total Reinf Bot (Ago)= 12.73 in’
Dist From Bot of Beam= 71.19 in Dist From Bot of Beam= 67.81 in
Equivalent Dist Slab Reinf= 69.11 in
MID SPAN REGION
Total Reinf Top (Ayrop)= 7.98 in’® Total Reinf Bot (Aygel)= 522 in
Dist From Bot of Beam= 71.19 in Dist From Bot of Beam= 67.81 in
Equivalent Dist Slab Reinf= 69.85 in
30f24



Superstructure Design APPENDIX B: Two Spans Continuous
Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

3.3SPAN2
3.3.1 CONCRETE BEAM
TYPE= HBULBTEE
Section= HBT 66x61
d= 66.00 in
b= 40.00 in by= 61.00 in To= 8.00 in
To= 550 in Tes 4.00 in Hy= 4550 in
bft
Ke= 4.00 in u 1 =
K= 7.00 in l\ gt
A= 1172.40 i’ kit
I= 729521.00 in*
Xyp= 34.30 in
Su= 21268.83 in’ N
[ 24.94 in Kb
Xy= 31.70 in
Se= 23013.28 in’ E
Weight= 1222.00 Ib =

bfb

3.3.2 COMPOSITE SECTION

Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft < be= 114.00 in ———>
(AASTO 4.6.2.6) <—— be= 86.18in ————>
< 61.00in—>
A
7450i:11/
A (in)= 646.32
<~ 40.00in—>
Ag (in))= 1172.40

Iy(mm*)= 7.30E+05

Section Area (in) y (in) Ay (in’) 1o (in?) d, (in) A.d/(in) Position y (in) s (in’)
Beam 1172.40 34.30 4.02E+04 7.30E+05 -13.02 1.99E+05 Top Slab 26.68 6.34E+04
Haunch 23.06 66.25 1.53E+03 4.80E-01 18.93 8.27E+03 Top Beam 18.68 6.85E+04
Slab 646.32 70.25 4.54E+04 3.03E+03 22.93 3.40E+05 Bott Beam 47.32 2.70E+04
A= 1841.78 i’
y= 47.32 in
o 1.28E+06 in’

3.3.3 STRANDS CONFIGURATION

3.3.3.1Ends

Distance from the bottom of the beam to the center of strands

Concrete Cover= 1.75 in Strands Diameter= 1/2 in

Strands Separation= 2.00 in Type= Seven Wire Strand (270)

Draped Strands? Yes Strands Area= 0.15 in’

Draped Length= 20.00 ft Top Beam to 1st Strand= 5.00 in

Debonded Strands? No

Draped Strands Top Strands
Row Location Strands Debonded Bonded Row Location Bonded Row Debonded Bonded
1 2.00 17.00 0.00 17.00 1 47.00 0.00 1 0.00 0.00
2 4.00 19.00 0.00 19.00 2 49.00 0.00 2 0.00 0.00
3 6.00 4.00 0.00 4.00 3 51.00 0.00 3 0.00 0.00
4 8.00 0.00 0.00 0.00 4 53.00 0.00 4 0.00 0.00
5 10.00 0.00 0.00 0.00 5 55.00 0.00 5 0.00 0.00
6 12.00 0.00 0.00 0.00 6 57.00 0.00 6 0.00 0.00
7 14.00 0.00 0.00 0.00 7 59.00 0.00 7 0.00 0.00
8 16.00 0.00 0.00 0.00 8 61.00 3.00 8 0.00 0.00
40f 24
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Superstructure Design
Bulb Tee

3.3.3.2 Mid Span

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Top Strands
Row Location Strands Row Location Strands

1 2.00 17.00 1 47.00 0.00

2 4.00 19.00 2 49.00 0.00

3 6.00 7.00 3 51.00 0.00

4 8.00 0.00 4 53.00 0.00

5 10.00 0.00 5 55.00 0.00

6 12.00 0.00 6 57.00 0.00

7 14.00 0.00 7 59.00 0.00

8 16.00 0.00 8 61.00 0.00
3.3.4 CONCRETE SLAB
Top Bottom
Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8"
Rebar Spacing (s)= 4.00 in Rebar Spacing (s)= 6.00 in
Areaar= 031 in’ Aresar= 031 in’
Ares ToP= 0.92 in’/ft Ages sor= 0.61 in’/ft
Top Compression Region (Extra Reinf) Bottom Compression Region (Extra Reinf)
Rebar Number (#)= 0 /8" Rebar Number (#)= 6 /8"
Rebar Spacing (s)= 8.00 in Rebar Spacing (s)= 6.00 in
Ancons= 0.00 in’ Ancons= 0.44 in’

2 L2

Ares exTrA TOP™ 0.00 in*/ft Ares extrA BOT™ 0.88 in’/ft
Coverop= 2.50 in Measured to edge of top reinforcement
Covergor= 1.00 in Measured to edge of Bottom reinforcement
NEGATIVE MOMENT REGION
Total Reinf Top (Arop)= 7.98 in’ Total Reinf Bot (Ago)= 12.73 in’
Dist From Bot of Beam= 7119 in Dist From Bot of Beam= 67.81 in
Equivalent Dist Slab Reinf= 69.11 in
MID SPAN REGION
Total Reinf Top (Ayrop)= 7.98 in® Total Reinf Bot (Aggel)= 522 in
Dist From Bot of Beam= 71.19 in Dist From Bot of Beam= 67.81 in
Equivalent Dist Slab Reinf= 69.85 in

4. LOADS

4.1 CONSTRUCTION STAGE (NON COMPOSITE)

4.1.1 DEAD LOAD (DC)

4.1.2 LIVE LOAD (LL)
Construction Live Load=
Distributed Loads

| E—)

0.020 kip/ft®

ENDS

Reinf Top

St

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

————— n

Extra Reinf Top

1
MID SPAN

[ ® <) o
IR _ - 4 { ©
AN \l a "o e ' | 1
- ] T =
Sbe
Reinf |Bot S Extra Reinf Bot

(Common Value used see FHWA examples)

(Common Value used see Virginia DOT and FHWA examples! Construction Live Load= 0.190 kip/ft
Distributed Loads SPAN 1 SPAN 2
Beam self-weight= 1.222 kip/ft 1.222 kip/ft
Concrete Deck= 0.950 kip/ft
Concrete Haunch= 0.032 kip/ft
Stay-in-Place Forms= 0.015 kip/ft
Diaphragms= 0.000 kip/girder Correspond to a diaphragms located along the length of the beam, it is considered as a punctual load acting on each location.
Total DC= 2.22 kip/ft 2.22 kip/ft
SPAN 1
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 67.21 53.95 40.69 27.43 14.18 0.92 -12.34 -25.60 -38.86 -52.12 -65.38
Concrete Deck 52.25 41.94 31.64 21.33 11.02 0.71 -9.59 -19.90 -30.21 -40.52 -50.83
Concrete Haunch 1.75 1.40 1.06 0.71 0.37 0.02 -0.32 -0.67 -1.01 -1.36 -1.70
Stay-in-Place Forms 0.83 0.66 0.50 0.34 0.17 0.01 -0.15 -0.31 -0.48 -0.64 -0.80
Miscellaneous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total DC 122.03] 97.96 73.89 49.81 25.74 1.66 -22.41 -46.48 -70.56 -94.63 -118.70
Construction Live Load 10.31] 8.25 6.18 4.12 2.06 0.00! -2.06 -4.12 -6.18 -8.25 -10.31
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 0.00 647.36 1150.86 1510.50 1726.28 1798.21 1726.28 1510.50! 1150.86 647.36 0.00
Concrete Deck 0.00 503.26 894.69 1174.28 1342.04 1397.95 1342.04 1174.28 894.69 503.26 0.00
Concrete Haunch 0.00 16.83 29.92 39.27 44.88 46.75 44.88 39.27 29.92 16.83 0.00
Stay-in-Place Forms 0.00 7.95 14.13 18.54 21.19 22.07 21.19 18.54 14.13 7.95 0.00
Miscellaneous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total DC 0.00! 1175.40 2089.59 2742.59 3134.39 3264.99 3134.39 2742.59 2089.59 1175.40 0.00!
Construction Live Load 0.00! 100.65 178.94 234.86 268.41 279.59 268.41 234.86 178.94 100.65 0.00!
50f24
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Superstructure Design APPENDIX B: Two Spans Continuous
Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 66.29 53.03 39.78 26.52 13.26 0.00 -13.26 -26.52 -39.78 -53.03 -66.29
Concrete Deck 51.54 41.23 30.92 20.62 10.31 0.00 -10.31 -20.62 -30.92 -41.23 -51.54
Concrete Haunch 1.72 1.38 1.03 0.69 0.34 0.00 -0.34 -0.69 -1.03 -1.38 -1.72
Stay-in-Place Forms 0.81 0.65 0.49 0.33 0.16 0.00 -0.16 -0.33 -0.49 -0.65 -0.81
Miscellaneous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total DC 120.37 96.29 72.22 48.15 24.07 0.00! -24.07 -48.15 -72.22 -96.29 -120.37
Construction Live Load 10.31 8.36 6.27 4.18 2.09 0.00! -2.09 -4.18 -6.27 -8.36 -10.45
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 0.00 647.36 1150.86 1510.50 1726.28 1798.21 1726.28 1510.50 1150.86 647.36 0.00
Concrete Deck 0.00 503.26 894.69 1174.28 1342.04 1397.95 1342.04 1174.28 894.69 503.26 0.00
Concrete Haunch 0.00 16.83 29.92 39.27 44.88 46.75 44.88 39.27 29.92 16.83 0.00
Stay-in-Place Forms 0.00 7.95 14.13 18.54 21.19 22.07 21.19 18.54 14.13 7.95 0.00
Miscellaneous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total DC 0.00! 1175.40 2089.59 2742.59 3134.39 3264.99 3134.39 2742.59 2089.59 1175.40 0.00!
Construction Live Load 0.00! 100.65 178.94 234.86 268.41 279.59 268.41 234.86 178.94 100.65 0.00!
4.2 SERVICE STAGE (COMPOSITE)
4.2.1 DEAD LOAD (DC) 4.2.2 DEAD LOAD WEARING SURFACE (DW)
Rail Barriers= 0.30 kip/ft/Barrier Future Wearing Surface= 0.025 kip/ftz (Common Value used see FHWA examples)
Distributed Loads Distributed Loads
Rail Barriers*= 0.12 kip/ft Future Wearing Surface= 0.215 kip/ft Distribution is made proportionally to the afferent width
Total DC= 0.12 kip/ft Total DW= 0.22 kip/ft

*Distributed equally to every beam

4.2.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)

Live load is composed by the following:

i) Design Truck or design Tandem (pair of 25kips axles spaced 4ft apart) The extreme force effect shall be taken as the larger of the following:

1) The effect of the design tandem combined with the effect of the
design lane load, or

1) The effect of one design truck with the variable axle spacing specified
in Article 3.6.1.2.2, combined with the effect of the design lane load,
and

11) For negative moment between points of contraflexure under a

uniform load on all spans, and reaction at interior piers only, 90 percent
of the effect of two design trucks spaced a minimum of 50.0 ft between
ii) Design lane load (The design lane load shall consist of a load of 0.64 kif the lead axle of one truck and the rear axle of the other truck, combined

BOKIP 320 KIp 320 KIP

I w0 ot 10 s0me]

uniformly distributed in the longitudinal direction. Transversely, the with 90 percent of the effect of the design lane load. The distance
design lane load shall be assumed to be uniformly distributed over a between the 32.0-kip axles of each truck shall be taken as 14.0 ft
10.0-ft width.)
Dyn Load Allowance (IM)= 33% AASTO Table 3.6.2.1-1
Dyn Load Allowance Fatigue (IM)= 15% AASTO Table 3.6.2.1-1
a) LOAD DISTRIBUTION FACTORS
Multiple Presence Factor= 1.00 2 Lanes
= ° e, K,
Skew: 0 SPAN % ,Z
e, (Dist CG Beam and CG deck) (in) (in")
K; (Longitudinal Stiffness Parameter) Span 1 35.95 2.97E+06
Span 2 35.95 2.97E+06
Ky =n(I+Ae?)
Moment (See AASHTO Table 4.6.2.2.2b-1) 0.4 03 K 01
S\ O[S\ : SI _ N
r=1-c(tan9)'5 SI = 0.06+ [ — 2 9 One Lane Loaded mgyS! =1 mpyy,
1(tan 0) mImp 12) \z) \12153
025 05 0.6 02 0.1
K, S N S K,
_ g _ g . _
¢ =025 (m) (Z) mgup™ = 0.075 + (ﬁ) (Z) (m) Multiple Lane Loaded ~ mgy™' = 1 my,M!
SPAN o A mngl mgMMI ngl Fatigue
SPAN 1 0.00 1.00 0.55 0.80 0.45
SPAN 2 0.00 1.00 0.55 0.80 0.45
Shear (See AASHTO Table 4.6.2.2.3a-1) s
mgyy™ = 0.36 + 2E One Lane Loaded mgySt = rmy,S
120.3\"?
r=10+020{—— tan 6 2.0
Ky s N S . mavS! = r my,S!
mgy,> = 0.20 + 1z |3 Multiple Lane Loaded gv vp
SPAN R mg B mg, ™I g Sl Fatigue
v v v
SPAN 1 1.00 0.74 0.92 0.62
SPAN 2 1.00 0.74 0.92 0.62
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Superstructure Design
Bulb Tee

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 1
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) -4.98 -3.66 234 -1.02 0.30 1.62 2.94 4.26 5.58 6.90 8.22
DW (Future Wearing Sur) 9.13 -6.71 -4.29 -1.87 0.55 2.97) 5.39 7.81] 10.23 12.65) 15.07]
Lane -26.55 -19.51 -12.47 5.43 161 8.65 15.69 22.73 29.77 36.81 43.85
Lane Max -30.88 -23.84 -16.80 9.76 272 4.32 11.36 18.40 25.44 32.48 39.52
Lane Min 4.32 4.32 4.32 4.32 4.32 4.32 4.32 4.32 4.32 4.32 4.32
Truck max 6.56 6.84 10.83 19.01 27.55 35.75 43.51 50.74] 57.32 63.15 68.13
Truck min -64.44 55.63 -47.02 3871 -30.80 2341 -16.64 -10.58 5.56 -1.97 0.00
Tandem max 4.70 5.24 11.23 17.25 23.05 28.58 33.75 38.50) 42.75 46.43 49.48
Tandem min -48.87 -42.67 -36.56 -30.62 2491 -19.50 -14.48 9.90 5.85 239 0.00
90% 2 Trucks max 5.98 6.23 9.82 17.49 26.21 35.15 43.68 51.17 57.43 66.17 77.72
90% 2 Trucks min 67.01 54.71 -43.87 -35.05 271.72 21.07 -14.98 953 -5.00 -1.77 0.00
90% Lane -23.90 -17.56 -11.23 -4.89 1.45 7.78 14.12 20.45 26.79 33.13 39.46)
LL + IM (Positive Moment) 11.97] 12.31 17.68 27.18 37.60 51.58] 67.53 82.81 97.31 110.89 123.43
LL-IM (1 i ) -107.32 -89.80 -72.82 -56.21 -40.10 -24.62 -16.35 -8.95 -3.17 1.05 3.57,
LL+IM 107.32 89.80 72.82 56.21 40.10 51.58] 67.53 82.81 97.31 110.89 123.43
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) 0.00) 47.51 80.50 98.96 102.91 92.34 67.25 27.64) -26.49 -95.15 -178.32
DW (Future Wearing Sur) 0.00) 87.10 147.58 181.44 188.67 169.29 123.29 50.67] -48.57 -174.43 -326.91
Lane 0.00 253.38 429.32 527.81 548.87 492.49 358.66 147.40 -141.30 507.44 951.03
Lane Max 0.00 300.93 524.42 670.47 739.08 730.24] 643.97 480.26) 239.11 -79.48 -475.51
Lane Min 0.00 -47.55 95.10 -142.65 -190.21 -237.76 -285.31 -332.86 -380.41 -427.96 47551
Truck max 0.27 604.90 1022.17 1268.71 1370.94 1346.25 1210.21 956.41 611.07 218.09 0.14
Truck min 0.00 7210 -144.20 -216.30 -288.41 -360.51 -432.61 504.71 576.81 -648.91 -721.01
Tandem max 0.21 464.39 795.66 999.27 1083.75 1066.57 961.71 777.00) 532.08 250.13 0.11
Tandem min 0.00 51.64 -103.28 -154.92 -206.56 -258.20 -309.84 -361.48 -413.12 -464.76 516.40
90% 2 Trucks max 0.24 592.68 954.35 1160.43 1239.25 1211.63 1094.59 875.28] 553.33 196.28 0.12
90% 2 Trucks min 0.00 65.73 -131.47 -197.20 -262.93 -328.66 -394.40 -460.13 525.86 72523 -1261.52
90% Lane 0.00 228.04 386.38 475.03 493.98 443.24] 322.80 132.66 -127.17 -456.70 -855.92
LL + IM (Positive Moment) 0.28 883.66 1505.93 1884.79 2048.32 2015.01 1801.42 1400.72 840.80 202.39) -379.96
LL-IM (1 i ) 0.00) -114.67 -229.33 -344.00 -458.66 -573.33 -688.00 -802.66 917.33]  -1136.10]  -2025.39)
SPAN 2
UNFACTORED SHEARS (Kips)
LOAD COMPONENT LOCATION
0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) -8.22 -6.90 -5.58 -4.26 -2.94 -1.62 -0.30 1.02 2.34 3.66) 4.98
DW (Future Wearing Sur) -15.07 -12.65 -10.23 -7.81 -5.39 -2.97 -0.55 1.87 4.29 6.71 9.13]
Lane -43.85 -36.81 -29.77 2273 -15.69 -8.65 -1.61 5.43 12.47 19.51 26.55
Lane Max 432 432 432 432 432 432 432 432 432 432 432
Lane Min -39.52 -32.48 -25.44 -18.40 -11.36 432 2.72 9.76 16.80 23.84] 30.88
Truck max 0.00 1.97 5.56 10.58 16.64 23.41 30.80 38.71 47.02 55.63 64.44]
Truck min -68.13 -63.15 57.32 50.74 -43.51 -35.75 -27.55 -19.01 -10.83 -6.84 -6.56
Tandem max 0.00 2.39 5.85 9.90 14.48 19.50 24.91 30.62 36.56 42.67 48.87
Tandem min -49.48 -46.43 -42.75 -38.50 -33.75 -28.58 -23.05 -17.25 -11.23 5.24 -4.70
90% 2 Trucks max 0.00 177 5.00 9.53 14.98 21.07 27.72 35.05 43.87 54.71 67.01
90% 2 Trucks min 77.72 -66.17 57.43 51.17 -43.68 -35.15 -26.21 -17.49 -9.82 6.23 5.98
90% Lane -39.46 -33.13 -26.79 2045 -14.12 -7.78 -1.45 4.89 11.23 17.56 23.90)
LL + IM (Positive Moment) -3.97 -1.05 3.17 8.95 16.35 24.62| 40.10 56.21] 72.82 89.80 107.02
LL - IM (Negative Moment) -131.12 -111.19 97.31 -82.81 -67.53 -51.58 -37.60 2718 -17.68 -12.31 -11.97
LL+IM 131.12 111.19 97.31 82.81 67.53 51.58] 40.10 56.21] 72.82 89.80 107.02
UNFACTORED MOMENTS (Kips-ft)
LOAD COMPONENT LOCATION
0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) -178.32 -95.15 -26.49 27.64 67.25 92.34 102.91 98.96 80.50 47.51 0.00)
DW (Future Wearing Sur) -326.91 -174.43 -48.57 50.67 123.29 169.29 188.67 181.44 147.58 87.10 0.00
Lane -951.03 -507.44 -141.30 147.40 358.66 492.49 548.87 527.81 429.32 253.38] 0.00
Lane Max 47551 -427.96 -380.41 -332.86 -285.31 -237.76 -190.21 -142.65 95.10 -47.55 0.00
Lane Min -475.51 -79.48 239.11 480.26 643.97 730.24] 739.08 670.47 524.42 300.93 0.00
Truck max 0.14] 218.09 611.07 956.41 1210.21 1346.25 1370.94 1268.71 1022.17 604.90) 0.27
Truck min -721.01 -648.91 -576.81 -504.71 -432.61 -360.51 -288.41 -216.30 -144.20 72.10 0.00
Tandem max 0.11 250.13 532.08 777.00 961.71 1066.57 1083.75 999.27 795.66 464.39 0.21
Tandem min -516.40 -464.76 -413.12 -361.48 -309.84 -258.20 -206.56 -154.92 -103.28 51.64 0.00
90% 2 Trucks max 0.12 196.28 553.33 875.28 1094.59 1211.63 1239.25 1160.43 954.35 592.68] 0.24)
90% 2 Trucks min -1261.52 -725.23 -525.86 -460.13 -394.40 -328.66 -262.93 -197.20 -131.47 -65.73 0.00
90% Lane -855.92 -456.70 12717 132.66 322.80 443.24] 493.98 475.03 386.38 228.04) 0.00
LL + IM (Positive Moment) -379.96 202.39 840.80 1400.72 1801.42 2015.01 2048.32 1884.79 1505.93 883.66) 0.28)
LL - IM (Negative Moment) 2025.39] -1136.10 -917.33 -802.66 -688.00 -573.33 -458.66 -344.00 -229.33 -114.67 0.00)
4.3 FATIGUE AND FRACTURE (COMPOSITE)
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Superstructure Design APPENDIX B: Two Spans Continuous
Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 1
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT
oo. [ o1 [ o2 [ o3 | o4 [ o5. | o6L | o7. [ o8 | o9 [ 10L
LL+IM 39.74 34.31] 28.99| 23.87| 19.00] 22.05] 26.83] 31.29| 35.35] 38.94| 42.01
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Truck max 0.16 365.75 618.05 767.12 828.93 814.01 731.75 578.29 369.48 131.87 0.08
Truck min 0.00 -43.60 -87.19 -130.79 -174.38 -217.98 -261.57 -305.17 -348.77 -392.36 -435.96
LL+IM 0.16 409.35 705.24 897.91 1003.32 1031.99 993.32 883.46 718.25 524.23 436.04
SPAN 2
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT
oo. [ o1 [ o2 [ o3 | o4 [ o5. | o6L | o7 [ o8 | o9 [ 10L
LL+IM 42.01] 38.94| 35.35] 31.29] 26.83] 22.05] 19.00] 23.87 28.99| 34.31] 39.74
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Truck max 0.08 131.87 369.48 578.29 731.75 814.01 828.93 767.12 618.05 365.75 0.16
Truck min -435.96 -392.36 -348.77 -305.17 -261.57 -217.98 -174.38 -130.79 -87.19 -43.60 0.00
LL+IM 436.04 524.23 718.25 883.46 993.32 1031.99 1003.32 897.91 705.24 409.35 0.16
5. LOAD COMBINATIONS
COMBINATION Type TOADICASES
DC DW LL M BR ws wL FR U TG ic
Max 1.25 1.50 1.75 1.75 175 - - 1.00 1.20 - -
Strength | -
Min 0.90 0.65 175 175 175 - - 1.00 0.50 - -
strength 1l [M2X 125 1.50 - - - 1.40 - 1.00 1.20 - -
Min 0.90 0.65 - - - - - 1.00 0.50 - -
Strength IV M.ax 1.50 1.50 2 2 e e 2 e 2 e 2
Min 0.90 0.90 - - - - - - - - -
Max 125 1.50 135 135 135 0.40 1.00 1.00 1.20 - -
Strength V -
Min 0.90 0.65 135 135 135 - 1.00 1.00 0.50 - -
Extreme |Max 1.25 1.50 0.50 0.50 0.50 - - 1.00 - - 1.00
Eventll_[Min 0.90 0.65 0.50 0.50 0.50 - - 1.00 - - 1.00
Service | [Max 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00 0.50 -
Min 1.00 1.00 1.00 1.00 1.00 - 1.00 1.00 1.20 0.50 -
Service Il |Max 1.00 1.00 0.80 0.80 0.80 - - 1.00 1.00 0.50 -
Min 1.00 1.00 0.80 0.80 0.80 - - 1.00 1.20 0.50 -
Fatigue | - - 1.50 1.50 1.50 - - - - - -
Fatigue I - - 0.75 0.75 0.75 - - - - - -
6. COMBINED LOAD EFFECTS
6.1 CONTRUCTABILITY
6.1.1 Combined Shear and N
SPAN 1
COMBINED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Service | Max 132.34 106.20 80.07 53.93 27.80 1.66 -24.47 -50.61 -76.74 -102.88 -129.01
Service Ill Max 130.28 104.56 78.83 53.11 27.39 1.66 -24.06 -49.78 -75.50 -101.23 -126.95
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Service | Max 0.00 1276.05 2268.53 2977.45 3402.80 3544.58 3402.80 2977.45 2268.53 1276.05 0.00
Service Il Max 0.00 1255.92 2232.74 2930.48 3349.12 3488.66 3349.12 2930.48 2232.74 1255.92 0.00
SPAN 2
COMBINED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Service | Max 130.68 104.65 78.49 5233 26.16 0.00 -26.16 -52.33 -78.49 -104.65 -130.82
Service Ill Max 128.61 104.65 78.49 52.33 26.16 0.00 -26.16 -52.33 -78.49 -104.65 -130.82
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Service | Max 0.00 1276.05 2268.53 2977.45 3402.80 3544.58 3402.80 2977.45 2268.53 1276.05 0.00
Service Il Max 0.00 1255.92 2232.74 2930.48 3349.12 3488.66 3349.12 2930.48 2232.74 1255.92 0.00
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Superstructure Design
Bulb Tee

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Constructability Envelopes

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

4000.00
350000
3000.00
E_ 2500.00
=
£ 2000.00
E —&—Service | Max
g 1500.00 \ / —f—Service Ill Max
1000.00 \ /
500.00
oao L LT LTI LTI NATT LT LT T TN T
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00 220.00 240.00
Station (ft)
6.2 COMPOSITE SECTION (OPERATION)
6.2.1 Combined Shear and N
SERVICE |
SPAN 1
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Max DL NonComposite 0.00 1175.40 2089.59 2742.59 3134.39 3264.99] 3134.39 2742.59] 2089.59 1175.40 0.00
Max DL Composite 0.00 134.61 228.07 280.40 291.59 261.63 190.54 78.31 -75.07 -269.58 -505.23
Max LL Composite 0.28 883.66 1505.93 1884.79 2048.32 2015.01 1801.42 1400.72 840.80 202.39 -379.96
Min LL Composite 0.00 -114.67 -229.33 -344.00 -458.66 -573.33 -688.00 -802.66 -917.33 -1136.10 -2025.39
Service | Max TOTAL 0.28 2193.66 3823.60 4907.78 5474.30 5541.64] 5126.35 4221.62 2855.32 1108.21 -885.20
Service | Min TOTAL 0.00 1195.34 2088.34 2678.99 2967.31 2953.29] 2636.94 2018.24] 1097.20 -230.28 -2530.62
SPAN 2
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Max DL NonComposite 0.00 1175.40 2089.59 2742.59 3134.39 3264.99] 3134.39 2742.59] 2089.59 1175.40 0.00
Max DL Composite -505.23 -269.58 -75.07 78.31 190.54 261.63 291.59 280.40 228.07 134.61 0.00
Max LL Composite -379.96 202.39 840.80 1400.72 1801.42 2015.01 2048.32 1884.79 1505.93 883.66 0.28
Min LL Composite -2025.39 -1136.10 -917.33 -802.66 -688.00 -573.33 -458.66 -344.00 -229.33 -114.67 0.00
Service | Max TOTAL -885.20 1108.21 2855.32 4221.62 5126.35 5541.64] 5474.30 4907.78 3823.60 2193.66 0.28
Service | Min TOTAL -2530.62 -230.28 1097.20 2018.24 2636.94 2953.29] 2967.31 2678.99] 2088.34 1195.34 0.00
SERVICE lll
SPAN 1
COMBINED LOADS - MOMENTS (Kips-ft)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Max DL NonComposite 0.00 1175.40 2089.59 2742.59 3134.39 3264.99] 3134.39 2742.59] 2089.59 1175.40 0.00
Max DL Composite 0.00 134.61 228.07 280.40 291.59 261.63 190.54 78.31 -75.07 -269.58 -505.23
Max LL Composite 0.23 706.93 1204.74 1507.83 1638.66 1612.01 1441.13 1120.57 672.64 161.91 -303.97
Min LL Composite 0.00 -91.73 -183.47 -275.20 -366.93 -458.66 -550.40 -642.13 -733.86 -908.88 -1620.31
Service Il Max TOTAL 0.23 2016.93 3522.41 4530.82 5064.63 5138.63 4766.06 3941.47] 2687.17 1067.73 -809.20
Service Il Min TOTAL 0.00 1218.27 2134.20 2747.79 3059.05 3067.96 2774.53 2178.77, 1280.67 -3.06 -2125.54
SPAN 2
COMBINED LOADS - MOMENTS (Kips-ft)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Max DL NonComposite 0.00 1175.40 2089.59 2742.59 3134.39 3264.99] 3134.39 2742.59] 2089.59 1175.40 0.00
Max DL Composite -505.23 -269.58 -75.07 78.31 190.54 261.63 291.59 280.40 228.07 134.61 0.00
Max LL Composite -303.97 161.91 672.64 1120.57 1441.13 1612.01 1638.66 1507.83 1204.74 706.93 0.23
Min LL Composite -1620.31 -908.88 -733.86 -642.13 -550.40 -458.66 -366.93 -275.20 -183.47 -91.73 0.00
Service Il Max TOTAL -809.20 1067.73 2687.17 3941.47 4766.06 5138.63 5064.63 4530.82 3522.41 2016.93 0.23
Service Il Min TOTAL -2125.54 -3.06 1280.67 2178.77 2774.53 3067.96 3059.05 2747.79] 2134.20 1218.27 0.00
FATIGUE |
SPAN 1
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Fatigue | Max TOTAL 0.24 548.63 927.08 1150.68 1243.40 1221.01 1097.62 867.43 554.22 197.80 0.12
Fatigue | Min TOTAL 0.00 -65.39 -130.79 -196.18 -261.57 -326.97 -392.36 -457.76 -523.15 -588.54 -653.94
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Superstructure Design
Bulb Tee

SELECTED EXAMPLES OF BRIDGE DESIGNS

APPENDIX B:

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Fatigue | Max TOTAL 0.12 197.80 554.22 867.43 1097.62 1221.01 1243.40 1150.68 927.08 548.63 0.24
Fatigue | Min TOTAL -653.94 -588.54 -523.15 -457.76 -392.36 -326.97 -261.57 -196.18 -130.79 -65.39 0.00
STRENGTH
SPAN 1
COMBINED LOADS - SHEARS (Kips)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 360.26 294.24 229.15 164.71 103.56 98.84 157.95 220.07 280.81 339.95 397.26
Strength | Min -M 308.05 252.97 198.83 145.34 93.98 95.16 144.49 195.66. 245.46 293.66 340.03
Strength Il Max +M 172.46 137.08 101.71 66.34 33.38 8.56 39.78 75.15 110.52 145.89 181.26
Strength Ill Min +M 120.24 95.82 71.39 46.96 23.79 4.89 26.32 50.75 75.17 99.60 124.03
Strength V Max +M 317.34 258.32 200.02 142.23 87.52 78.20 130.94 186.94 241.88 295.59 347.89
Strength V Min +M 265.12 217.05 169.70 122.85 77.93 74.53 117.48 162.54 206.54 249.30 290.66
COMBINED LOADS - MOMENTS (Kips-ft)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 0.50 3205.68 5569.36 7122.48 7914.20 7976.87] 7339.47 5990.04/ 3977.41 1442.84 -1378.21
Strength | Min +M 0.50 2703.63 4684.38 5973.72 6620.77 6657.91 6114.09 4977.39 3296.61 1213.02 -1037.92
Strength | Max -M 0.00 1458.61 2532.65 3222.10 3526.98 3447.28] 2982.99 2134.13 900.69 -899.51 -4257.70
Strength | Min -M 0.00 956.56 1647.68 2073.34 2233.55 2128.31 1757.62 1121.48 219.89 -1129.33 -3917.41
Strength Ill Max +M 0.00 1659.28 2933.98 3824.10 4329.64 4450.60 4186.99 3538.79] 2506.02 1088.66 -713.27
Strength Ill Min +M 0.00 1157.23 2049.01 2675.33 3036.21 3131.64] 2961.62 2526.14] 1825.22 858.84 -372.98
Strength V Max +M 0.38 2852.22 4966.98 6368.56 7094.87 7170.87] 6618.90 5429.76] 3641.09 1361.89 -1226.22
Strength V Min +M 0.38 2350.17 4082.01 5219.80 5801.44 5851.91 5393.53 4417.11 2960.29 1132.07 -885.93
Strength V Max -M 0.00 1504.48 2624.38 3359.70 3710.44 3676.61 3258.19 2455.20] 1267.62 -445.07 -3447.55)
Strength V Min -M 0.00 1002.43 1739.41 2210.94 2417.02 2357.64] 2032.82 1442.55 586.83 -674.89 -3107.26,
SPAN 2
COMBINED LOADS - SHEARS (Kips)
LOCATION
LOAD COMBINATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 412.80 342.56 282.89 222.15 160.03 96.76 101.48 162.63 227.07 292.16 357.66
Strength | Min -M 354.98 295.69 246.96 197.16 145.99 93.66 92.48 143.84 197.33 251.48 306.03
Strength Il Max +M 183.34 147.97 112.60 77.23 41.86 6.48 31.30 64.26 99.63 135.00 170.38
Strength Il Min +M 125.53 101.10 76.67 52.25 27.82 3.39 22.30 45.46 69.89 94.32 118.75
Strength V Max +M 360.35 298.08 243.96 189.02 133.02 76.12 85.44 140.15 197.94 256.24 314.86
Strength V Min +M 302.54 251.21 208.04 164.04 118.98 73.03 76.44 121.35 168.20 215.55 263.23
COMBINED LOADS - MOMENTS (Kips-ft)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M -1378.21 1442.84 3977.41 5990.04 7339.47 7976.87] 7914.20 7122.48] 5569.36 3205.68| 0.50
Strength | Min +M -1037.92 1213.02 3296.61 4977.39 6114.09 6657.91 6620.77 5973.72 4684.38 2703.63 0.50
Strength | Max -M -4257.70 -899.51 900.69 2134.13 2982.99 3447.28] 3526.98 3222.10] 2532.65 1458.61 0.00
Strength | Min -M -3917.41 -1129.33 219.89 1121.48 1757.62 2128.31 2233.55 2073.34] 1647.68 956.56 0.00
Strength Ill Max +M -713.27 1088.66 2506.02 3538.79 4186.99 4450.60 4329.64 3824.10] 2933.98 1659.28 0.00
Strength Ill Min +M -372.98 858.84 1825.22 2526.14 2961.62 3131.64] 3036.21 2675.33 2049.01 1157.23 0.00
Strength V Max +M -1226.22 1361.89 3641.09 5429.76 6618.90 7170.87] 7094.87 6368.56/ 4966.98 2852.22 0.38
Strength V Min +M -885.93 1132.07 2960.29 4417.11 5393.53 5851.91 5801.44 5219.80] 4082.01 2350.17] 0.38
Strength V Max -M -3447.55) -445.07 1267.62 2455.20 3258.19 3676.61 3710.44 3359.70] 2624.38 1504.48 0.00
Strength V Min -M -3107.26 -674.89 586.83 1442.55 2032.82 2357.64] 2417.02 2210.94] 1739.41 1002.43 0.00
Strength Limit State Envelopes
10000.00
8000.00
6000.00
E_' 4000.00 - === Strength | Max +M
§ ~i—Strength | Max -M
£ 2000.00 -
E Strength Ill Max +M
g 0.00 g 1 =>é=Strength V Max +M
0. 250.00
-2000.00 === Strength V Max -M
-4000.00
-6000.00

Station (ft)
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Service Limit State Envelopes
6000.00
5000.00
4000.00
E_ 3000.00 ~4—Service | Max TOTAL
< 2000.00 . .
2 == Service | Min TOTAL
g 100000 Service Il Max TOTAL
2 000 i . _
-1000.000 250,00 =>¢Service | Min TOTAL
-2000.00
-3000.00
Station (ft)
6.2.2 Design Shear and Moments
SPAN 1
SHEAR POSITIVE MOMENT NEGATIVE MOMENT
LOAD COMBINATION (kip) (kip-ft) (kip-ft)
Strength | 397.26 7976.87 4257.70
Strength Il 181.26 4450.60 1226.22
Strength V 347.89 7170.87 3447.55
SPAN 2
LOAD COMBINATION SHFAR POSITIVF MOMENT NEGATIV.E MOMENT
(kip) (kip-ft) (kip-ft)
Strength | 412.80 7976.87 4257.70
Strength Ill 183.34 4450.60 713.27
Strength V 360.35 7170.87 3447.55
7. LOOS OF PRESTRESS (AASHTO 5.9.5)
7.1 STRESS LIMITS FOR PRESTRESSING TENDONS (AASHTO 5.9.3)
Immediately After Transfer (f,,,)= 202.50 ksi
Service Limit State after losses (f,.)= 194.40 ksi
7.2 STRESS LIMITS IN PRESTRESSED CONCRETE (AASHTO 5.9.4)
7.2.1 Before Losses
Compression Stress (f )= 3.60 ksi
Tension Stress (fy,)= 0.59 ksi
7.2.2 At Service Limit State After Losses
Beam Slab
Compression Stress {Prestress + DL} (f.,p)= 3.15 ksi Compression Stress {Prestress + DL} (f.,p)= 1.80 ksi
Compression Stress {PreS + DL + LL} (f ,5)= 4.20 ksi Compression Stress {PreS + DL + LL} (f_,5)= 2.40 ksi
Tension Stress (f,)= 0.50 ksi Tension Stress (f,)= 0.38 ksi
Tension Stress close to supports (f,)= 0.47 ksi Only regions close to the supports (AASHTO 5.14.1.4.6)
Compression Stress {1/2 Prestress + DL}(F,pe)= 2.80 ksi Only for Fatigue limit State (AASHTO 5.5.3)
Tension Stress {1/2 Prestress + DL}{(f¢)= 0.25 ksi Only for Fatigue limit State (AASHTO 5.5.3)

7.3 INSTANTANEOUS LOSSES
7.3.1 Elastic Shortening (5.9.5.2.3)
Eps fope™
Afpes = chgp
cl

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

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

Alternatively, the loss due to elastic shortening may be calculated using Eq. C5.9.5.2.3a-1

 Apsfone(Iy + ehAg) — emMga,
o=

A
foe Aps(Ig + et Ag) + %
SPAN 1 SPAN 2
Ap= 6.58 in’ A= 6.58 in’
= 1172.40 in® A= 1172.40 in®
= 729521.00 in* = 729521.00 in*
Average Prestressing steel eccentricity at midspan
e,= 30.77 in e,= 30.77 in
Stress in Prestressing steel Inmediately prior to transfer (0.75fu)
fopt= 202.50 ksi
Mid-Span Moment due to member self-weight
Mg= 1798.21 kip-ft Mg= 1798.21 kip-ft
Elastic Shortening Losses
Ofes= 10.93 ksi Of es= 10.93 ksi
Prestressing Stress at Transfer (f )= 191.57 ksi (fo)= 191.57 ksi
Effective loss (Af,%)= 5.40% (af %)= 5.40%
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7.4 TIME DEPENDANT LOSSES (5.9.5.3)

foid
pj‘l P yn¥se + 12.0vnYse + Afpr
g

Afpr = 10.0

Correction Factor for Relative Humidity of the ambient air fy,)=

Yo =17 —0.01H

correction factor for specified concrete strength at time of prestress

transfer to the concrete member (y,)=
_ 5
Yt S 14 g

Estimate Relaxation Loss (Afyg)=

Time Dependent Losses

Bfy= 19.09 ksi

Prestressing Stress after losses (f,.)=
Effective Total loss (Af,%)=

172.49 ksi

14.82%

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

7.5 STRESS IN PRESTRESSING STEEL AT NOMINAL FLEXURAL RESISTANCE (5.7.3.1)

Section Type=
Bonded

c
fPS:fpu(l_kd_) k=2(1.0 —f”—y>
] P fou
T Section Behavior

Rectangular Section

c= Apsfpu + Asfs - A’sf’s - O-SSf,c(b - bw)hf

1.00
0.71
2.40 ksi
A= 19.09 ksi
(foe)= 172.49 ksi
(af,%)= 14.82%
Section Type= Rectangular Section
Debonded

d,—c
frs = fpe +900 1
e

T Section Behavior

)Sfpy

Lo 2l
e \2+Ng

c= Apsfpu + Asfs - Alsf,s - 0-85flc(b - bw)hf

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

7
0.85fcB1by + kAps% 085f chuby
lar Section Beh lar Section Beh
o = Avshou + Ak~ A'sf's _ Ayl *+ Ak~ A'sfs
0.85f"B1b + kAps{;—: 0.85f"cByb
Mild Steel (A,)= 0.00 in’ Mild Steel (A,)= 0.00 in’
Compression Steel (A')= 13.19 in Compression Steel (A')= 13.19 in’
Span1 Span 2
l= N/A ft l= N/A ft
k= 0.28 k= 0.28
B= 0.85 1= 0.85
d,= 70.47 in d,= 70.47 in
c= 2.93in c= 2.93in
fog= 266.86 ksi fog= 266.86 ksi
a= 249 in a= 249 in
7.6 TRANSFER AND DEVELOPMENT LENGTH
Transfer length (L)= 30.00 in Transfer length (L)= 30.00 in
Development Length
2
ld =K (fps - §fpe> db
Bonded (Lyp)= 121.50 in Bonded (Lyp)= 121.50 in
Debonded (Lyg)= 151.87 in Debonded (Lyg)= 151.87 in
7.7 PRESTESSING STRAND FORCES
7.7.1 AT TRANSFER
SPAN 1
PRESTRESSING STRAND FORCES (kip)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 252.07 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 252.07 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 0.00
Eccentricity 26.93 27.02 29.13 30.77 30.77 30.77 30.77 30.77 30.77 30.77 28.94/ 26.93
SPAN 2
PRESTRESSING STRAND FORCES (kip)
Group LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 1260.37 0.00
Eccentricity 26.93 28.94 30.77 30.77 30.77 30.77 30.77 30.77 30.77 28.94/ 26.93
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7.7.2 AFTER LOSSES

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 1
PRESTRESSING STRAND FORCES (kip)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 226.96 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 226.96 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 0.00
SPAN 2
PRESTRESSING STRAND FORCES (kip)
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 1134.79 0.00
7.7.3 AT THE NOMINAL FLEXURAL RESISTANCE
SPAN 1
PRESTRESSING STRAND FORCES (kip)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 226.96 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 226.96 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 0.00
SPAN 2
PRESTRESSING STRAND FORCES (kip)
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Bonded 0.00 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 0.00
Debonded 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 0.00
8. FLEXURE DESIGN
8.1 FLEXURAL STRESSES AT TRANSFER
Pps= Prestressed Force at Transfer
_ By " Pyseo | My §= Gross Area - Non Composite -
Jeransper = = E =S T E = Section Moduli - Non Composite - Top or Bottom of beam accordingly
= Moment due to self weight only
€= Eccentricity of the prestressing force at each point of the beam
SPAN 1
STRESSES (ksi)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.08 0.18 0.01 -0.18 -0.29 -0.33 -0.29 -0.18 0.01 0.17 0.00
Check OK OK OK OK OK OK OK OK OK OK OK OK
Bot of Beam 0.00 -0.54 -2.44 -2.25 -2.05 -1.92 -1.88 -1.92 -2.05 -2.25 -2.42 0.00
Check OK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
STRESSES (ksi)
Group LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.17 0.01 -0.18 -0.29 -0.33 -0.29 -0.18 0.01 0.17 0.00
Check OK OK OK OK OK OK OK OK oK OK OK
Bot of Beam 0.00 -2.42 -2.25 -2.05 -1.92 -1.88 -1.92 -2.05 -2.25 -2.42 0.00
Check OK OK OK OK OK OK OK OK OK OK OK
8.2 FLEXURAL STRESSES CONSTRUCTION STAGE
Pps= Prestressed Force after Losses
£ b 4 Ppseo 4 Mcs A= Gross Area - Non Composite -
construction = Ag ™ Sy T Sy S= Section Moduli - Non Composite - Top or Bottom of beam accordingly
M= Moment due to SERVICE | (Compression) and SERVICE Il (Tension) Combinations including Construction Live Load
€= Eccentricity of the prestressing force at each point of the beam
Note: Stress condition without Live load is not considered since it is a constant load during that stage
SERVICE |
SPAN 1
STRESSES (ksi)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.07 -0.20 -0.63 -1.00 -1.23 -1.30 -1.23 -1.00 -0.63 -0.21 0.00
Check OK OK OK OK OK OK OK oK OK OK OK OK
Bot of Beam 0.00 -0.48 -1.80 -1.33 -0.93 -0.69 -0.61 -0.69 -0.93 -1.33 -1.79 0.00
Check OK OK OK OK OK OK OK OK OK OK OK OK
13 0f 24
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Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
STRESSES (ksi)
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 -0.21 -0.63 -1.00 -1.23 -1.30 -1.23 -1.00 -0.63 -0.21 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
Bot of Beam 0.00 -1.79 -1.33 -0.93 -0.69 -0.61 -0.69 -0.93 -1.33 -1.79 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
SERVICE 111
SPAN 1
STRESSES (ksi)
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.07 -0.19 -0.62 -0.98 -1.20 -1.27 -1.20 -0.98 -0.62 -0.20 0.00
Check OK 0K OK (o] (o] 0K 0K OK 0K OK 0K OK
Bot of Beam 0.00 -0.48 -1.81 -1.35 -0.96 -0.72 -0.64 -0.72 -0.96 -1.35 -1.80 0.00
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
SPAN 2
STRESSES (ksi)
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 -0.20 -0.62 -0.98 -1.20 -1.27 -1.20 -0.98 -0.62 -0.20 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
Bot of Beam 0.00 -1.80 -1.35 -0.96 -0.72 -0.64 -0.72 -0.96 -1.35 -1.80 0.00
Check 0K OK (o] (o] 0K 0K OK 0K OK 0K OK

8.3 FLEXURAL STRESSES UNDER SERVICE LIMIT STATES
1. According to AASTHO 5.14.1.4.6 a cast-in-place composite Pos= Prestressed Force after Losses
deck slab shall not be subject to the tensile stress limits for the

R A= Gross Area - Non Composite -
service limit state after losses

S,= Section Moduli - Non C ite - T Bott f b dingl
P _%+Ppseo +MDNC +MDC +MLLC X ec !on o ui on orhpom e - Top or Bottom of beam acFor ingly
service A7 Sy T St T S Sk Sec= Section Moduli - Composite - Top or Bottom of beam accordingly
Mpne= Moment due to Dead Load in the non Composite Section
2. At the service limit state after losses, when tensile stresses develop Mpc= Moment due to Dead Load in the Composite Section

at the top of the girders near interior supports, the tensile stress limits M, =
specified in Table 5.9.4.1.2-1 for other than segmentally constructed "¢
bridges shall apply. The specified compressive strength of the girder ~ €0= Eccentricity of the prestressing force at each point of the beam

concrete, f 'c, shall be substituted for f 'ci in the stress limit equations

Moment due to Live Load in the Composite Section

SERVICE |
SPAN 1
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5 0.6 0.7L 0.8L 0.9L 100

Top of Beam 0.00 0.07 0.17 -0.58 -0.93 114 -1.20 112 -0.89 -0.53 -0.11 0.09
Check oK oK oK oK oK oK oK oK oK oK oK oK

Bot of Beam 0.00 -0.48 -1.80 133 -0.94 -0.71 -0.65 -0.76 -1.03 -1.46 -1.97 -0.22
Check oK oK oK oK oK oK oK oK oK oK oK oK

Top of Slab 0.00 0.00 -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10
Check oK oK oK oK oK oK oK oK oK oK oK oK

FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L

T of B Max 0.00 0.07 032 0.84 1.26 1.50 155 143 114 0.67 0.14 0.16
Check oK oK oK oK oK oK oK oK oK oK oK oK

T of B Min 0.00 0.07 -0.15 0.54 0.87 -1.06 -1.10 -1.00 0.75 037 0.09 0.44
Check oK oK oK oK oK oK oK oK oK oK oK oK

B of B Max 0.00 -0.48 141 -0.66 -0.10 0.20 0.24 0.04 -0.41 -1.09 -1.88 0.39
Check oK oK oK oK oK oK oK oK oK oK oK oK

B of B Min 0.00 -0.48 -1.85 143 -1.09 0.92 -0.91 1.06 138 1.87 2.47 112
Check oK oK oK oK oK oK oK oK oK oK oK oK

T of S Max 0.00 0.00 0.19 -0.33 041 0.44 -0.43 0.38 0.28 0.14 0.01 0.17
Check oK oK oK oK oK oK oK oK oK oK oK oK

T of S Min 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.09 0.14 0.19 0.27 0.48
Check oK oK oK oK oK oK oK oK oK oK oK REINF
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Two Spans Continuous

Spans 110 - 110 ft

Beam Separation 9.5ft

SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
Group LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.09 -0.11 -0.53 -0.89 -1.12 -1.20 -1.14 -0.93 -0.58 -0.18 0.00
Check OK OK OK 0K OK OK OK OK OK OK OK
Bot of Beam -0.22 -1.97 -1.46 -1.03 -0.76 -0.65 -0.71 -0.94 -1.33 -1.79 0.00
Check OK OK 0K OK OK OK OK OK OK OK OK
Top of Slab 0.00 -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10
Check OK OK OK 0K OK OK OK OK OK OK OK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.16 -0.14 -0.67 -1.14 -1.43 -1.55 -1.50 -1.26 -0.84 -0.33 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of B Min 0.44! 0.09 -0.37 -0.75 -1.00 -1.10 -1.06 -0.87 -0.54 -0.16 0.00
Check 0K OK (o] (o] 0K 0K OK 0K OK 0K OK
B of B Max -0.39 -1.88 -1.09 -0.41 0.04 0.24! 0.20 -0.10 -0.66 -1.40 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Min -1.12 -2.47 -1.87 -1.38 -1.06 -0.91 -0.92 -1.09 -1.43 -1.84 0.00
Check 0K OK (o] (o] 0K 0K OK 0K OK 0K OK
T of S Max 0.07 -0.06 -0.20 -0.32 -0.40 -0.43 -0.42 -0.37 -0.27 -0.12 0.10
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of S Min 0.38 0.19 0.13 0.10 0.08 0.06 0.05 0.05 0.06 0.07 0.10
Check REINF OK 0K 0K 0K 0K OK 0K OK 0K OK
SERVICE 111
SPAN 1
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.00 0.07 -0.17 -0.58 -0.93 -1.14 -1.20 -1.12 -0.89 -0.53 -0.11 0.09
Check OK OK OK OK 0K OK OK OK OK OK OK OK
Bot of Beam 0.00 -0.48 -1.80 -1.33 -0.94 -0.71 -0.65 -0.76 -1.03 -1.46 -1.97 -0.22
Check OK OK OK OK OK OK OK OK OK OK OK OK
Top of Slab 0.00 0.00 -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10
Check OK OK OK OK OK OK OK OK OK OK OK OK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.00 0.07 -0.29 -0.79 -1.19 -1.42 -1.48 -1.37 -1.09 -0.65 -0.13 0.14!
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of B Min 0.00 0.07 -0.15 -0.55 -0.88 -1.07 -1.12 -1.02 -0.78 -0.40 0.05 0.37
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Max 0.00 -0.48 -1.49 -0.79 -0.27 0.02 0.06 -0.12 -0.53 -1.17 -1.90 -0.36
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Min 0.00 -0.48 -1.84 -1.41 -1.06 -0.87 -0.85 -1.00 -1.31 -1.79 -2.37 -0.94
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of S Max 0.00 0.00 -0.16 -0.27 -0.34 -0.37 -0.35 -0.31 -0.23 -0.11 0.02 0.15
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of S Min 0.00 0.00 -0.01 -0.01 0.00 0.01 0.04! 0.07 0.11 0.15 0.22 0.40
Check OK 0K OK 0K 0K 0K 0K OK 0K OK 0K REINF
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Two Spans Continuous

Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft
SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING AND PERMANENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Top of Beam 0.09 -0.11 -0.53 -0.89 -1.12 -1.20 -1.14 -0.93 -0.58 -0.18 0.00
Check OK OK OK 0K OK OK OK OK OK OK OK
Bot of Beam -0.22 -1.97 -1.46 -1.03 -0.76 -0.65 -0.71 -0.94 -1.33 -1.79 0.00
Check OK OK 0K OK OK OK OK OK OK OK OK
Top of Slab 0.00 -0.03 -0.04 -0.05 -0.06 -0.05 -0.04 -0.01 0.01 0.05 0.10
Check OK OK OK 0K OK OK OK OK OK OK OK
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.14! -0.13 -0.65 -1.09 -1.37 -1.48 -1.42 -1.19 -0.79 -0.30 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of B Min 0.37 0.05 -0.40 -0.78 -1.02 -1.12 -1.07 -0.88 -0.55 -0.16 0.00
Check 0K OK (o] (o] 0K 0K OK 0K OK 0K OK
B of B Max -0.36 -1.90 -1.17 -0.53 -0.12 0.06 0.02 -0.27 -0.79 -1.48 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Min -0.94 -2.37 -1.79 -1.31 -1.00 -0.85 -0.87 -1.06 -1.41 -1.83 0.00
Check 0K OK (o] (o] 0K 0K OK 0K OK 0K OK
T of S Max 0.15 0.02 -0.11 -0.23 -0.31 -0.35 -0.37 -0.34 -0.27 -0.16 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of S Min 0.40 0.22 0.15 0.11 0.07 0.04! 0.01 0.00 -0.01 -0.01 0.00
Check REINF OK 0K 0K 0K 0K OK 0K OK 0K OK
8.4 FLEXURAL STRESSES UNDER FATIGUE LIMIT STATE
Slabs above multi girder systems do not need a fatigue limit  Pps™ Prestressed Force after Losses
state checking (AASTHO 5.5.3) A= Gross Area - Non Composite -
S= Section Moduli - Non Composite - Top or Bottom of beam accordingly
Frervice = %(_ % + PFL‘S% + M;’NC + 1;{“) + % Syc= Section Moduli - Composite - Top or Bottom of beam accordingly
9 x x xC xC Monc= Moment due to Dead Load in the non Composite Section
According to AA?THO 5.5.3 Fatigu? limit state stresses nee‘d - Moment due to Dead Load in the Composite Section
to be checked using half the bined effects of prestressing
and permanent loads along with the live load corresponding  Muic= Moment due to Live Load in the Composite Section
to Fatigue | load Combination ( Truck only) €= Eccentricity of the prestressing force at each point of the beam
FATIGUE |
SPAN 1
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
Group LOCATION
Beam Start 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.00 0.04 -0.18 -0.45 -0.67 -0.79 -0.81 -0.75 -0.60 -0.36 -0.09 0.04
Check OK OK OK OK OK OK OK OK OK OK OK OK
T of B Min 0.00 0.04 -0.07 -0.27 -0.43 -0.52 -0.54 -0.49 -0.37 -0.17 0.05 0.16
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of B Max 0.00 -0.24 -0.66 -0.25 0.04 0.20 0.22 0.11 -0.13 -0.49 -0.90 -0.11
Check OK OK OK OK OK OK OK OK OK OK OK OK
B of B Min 0.00 -0.24 -0.93 -0.72 -0.56 -0.47 -0.47 -0.55 -0.72 -0.96 -1.25 -0.40
Check OK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
STRESSES (ksi)
FINAL STRESS UNDER PRESTRESSING, PERMANENT LOADS AND TRANSIENT LOADS
LOCATION
Group
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
T of B Max 0.04! -0.09 -0.36 -0.60 -0.75 -0.81 -0.79 -0.67 -0.45 -0.18 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
T of B Min 0.16 0.05 -0.17 -0.37 -0.49 -0.54 -0.52 -0.43 -0.27 -0.08 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Max -0.11 -0.90 -0.49 -0.13 0.11 0.22 0.20 0.04! -0.25 -0.65 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
B of B Min -0.40 -1.25 -0.96 -0.72 -0.55 -0.47 -0.47 -0.56 -0.72 -0.92 0.00
Check 0K OK 0K 0K 0K 0K OK 0K OK (o] OK

8.5 DESIGN FOR STREMGTH LIMIT STATE (5.7.3.1 and 5.7.3.2)

8.5.1 POSITIVE MOMENT ZONES

8.5.1.1 Nominal Resistance and Flexural Resistance

Section Type Span1 & 3 =
Bonded

c
frs = fpu (1 - kd_)
T Section Behavior

k= .04 —
2(104 7

foy
pu

)

Rectangular Section

¢ = Apstou + Asfs = A'sf's — 0.85f'c(b — by)hy

Fou

0.85f cfaby + Iedps 3

Section Type Span 2 =
Debonded

fes = fpe + 900(

T Section Behavior

¢ = Apsfou + Asf = A'sf's — 0.85f'c(b — by )hy

dy—c <
[

Rectangular Section

fpy lo= (

21,

z+1vs>

0.85f"cP1by
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Rec lar Section Beh
c= Apsfpu + Asfs - Alsf,s
0.85f'cp1b + kApS{‘;—:
Mild Steel (A,)= 0.00 in’
Dist to mild Steel (d,)= 0.00 in
Compression Steel (A')= 13.19 in’
Dist to comp Steel (d,')= 2.81in
Span1
le= N/A ft
k= 0.28
Bs= 0.85
dy= 70.47 in
c= 293 in
fos= 266.86 ksi
a= 2.49 in

6y 2) e (0 5)

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Rec lar Section Beh
—_ Apsfpu + Asfs - Alsf,s
0.85f'cp1b
Mild Steel (A;)=

Dist to mild Steel (d,)=
Compression Steel (A';)=

Dist to comp Steel (d,')=

Span 2
le= N/A ft
k= 0.28

= 0.85

= 70.47 in
= 293 in
fos= 266.86 ksi
a= 2.49 in

a

h
y (d's—3) +0.857'c(b = bk (% - 7f>

0.00 in®
0.00 in

13.19 in’

2.81in

M,= 10024.04 kip-ft M= 10024.04 kip-ft
Dhrexure™ 1.00 Drexure= 1.00
oM,= 10024.04 kip-ft oM, = 10024.04 kip-ft
M, (+) = 7976.87 kip-ft M, (+) = 7976.87 kip-ft

.5.1. i .7.2. 4 4
8.5 1 2 Stress Controlle_d Sections (AASHTO 5.7.2.1) E) < (L) Tension controlled
Tension Controlled Strain (g,)= 0.005 in/in de de T
Compression Strain Limit (g.)= 0.003 in/i 4 4

P (ed infin (—) > (—) Compression Controlled
Compression Controlled Strain (g.)= 0.002 in/in de de ¢
Tension Controlled Limit (c/d);= 0.38 c c c .
i o — | <|5|=<|5 ) Transition Stress Controlled

Compression Controlled Limit (c/d;)c= 0.60 de T de de ¢
Dist to Extreme Tension Steel (d,)= 72.00 in Dist to Extreme Tension Steel (d,)= 72.00 in
C/d= 0.04| Tension Controlled |C/d¢= 0.04| Tension Controlled

8.5.1.3 Minimum Steel (5.7.3.3 and 5.4.2.6)
®M,, = M,, = min(1.33M, ,1.2M,,) Mg =

Se
8 [(ygﬂ +¥3fyp)Se = Mpnc (m - 1)]

1.33M,= 10609.24 kip-ft 1.33M,= 10609.24 kip-ft
f= 0.63 ksi f= 0.63 ksi
fom 2.61 ksi fom 2.61 ksi
Monc= 5713.73 kip-ft Monc= 5713.73 kip-ft
Sye= 21268.83 in’ Sye= 21268.83 in’
Se= 27039.36 in’ Se= 27039.36 in’
Vi= 1.60 Vi= 1.60

Vo= 1.10 Vo= 1.10

Vs= 1.00 Vs= 1.00

M= 7206.66 kip-ft M= 7206.66 kip-ft
1.2M,= 8647.99 kip-ft 1.2M,= 8647.99 kip-ft
M,= 8647.99 kip-ft M,= 8647.99 kip-ft

8.5.2 NEGATIVE MOMENT ZONES (AASTHO 5.7.3.2)
8.5.2.1 Nominal Resistance and Flexural Resistance
Section Type Span 1 & 3= Rectangular Section
Bonded

- ¢ fr
fPS*fpu(l_kd_) k=2(1.0 —%)
T Section Behavior ? e

c= Apsfpu + Asfs - A’sf’s - O-SSf,c(b - bw)hf
0.85f.p1by, + kApsg—:

Section
o Aosho + Asfy — A'sf's

fou
0.85f"B1b + kA, 57—
e + ks 3"

(AASHTO 5.7.3.2.1)
Section Type Span 2 =
Debonded
d,—c
frs = fpe + 900( 1

T Section Behavior

)Sfpy

ANC

Rectangular Section

Lo 2l
e \2+Ng

c= Apsfpu + Asfs - Alsf,s - 0-85flc(b - bw)hf

0.85f'cP1by

Section
 Apsfou T Asf; — ASfs
- 0.85f"cp1b
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Mild Steel (A)= 0.00 in’
Dist to mild Steel (d,)= 0.00 in
Tension Steel (A')= 20.70 in’
Dist to Tension Steel (d,')= 69.11 in
Span1

le= N/A ft

k= 0.28

Bs= 0.70

dy= 0.00 in

c= 7.46 in

fos= 270.00 ksi

a= 5.22 in

a

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Mild Steel (A)= 0.00 in’
Dist to mild Steel (d,)= 0.00 in
Tension Steel (A')= 20.70 in’
Dist to Tension Steel (d,')= 69.11 in
Span 2

le= N/A ft

k= 0.28

B:= 0.70

dy= 0.00 in

c= 7.46 in

fos= 270.00 ksi

a= 5.22 in

My = Apsps (dp = 5) + Asfy (ds = 5) = sty (d's = 5) + 085Fclb = by ks (% - g)

M,= 6883.96 kip-ft

Dhtexure™ 1.00

oM, = 6883.96 kip-ft
M, ()= 4257.70 kip-ft

8.5.2.2 Stress Controlled Sections (AASHTO 5.7.2.1)

M= 6883.96 kip-ft

Briexure™ 1.00

om,- 688396 -t
M, ()= 4257.70 kip-ft

4 4 .
(—) < (—) Tension Controlled
dy de),

Tension Controlled Strain (gy)= 0.005 in/in
Compression Strain Limit (g.)= 0.003 in/in (£> > (£> Compression Controlled
Compression Controlled Strain (g.)= 0.002 in/in d; d; ¢
Tension Controlled Limit (c/d);= 0.38 c c c .
i o — | <|5|=<|5 ) Transition Stress Controlled
Compression Controlled Limit (c/d;)c= 0.60 (df)r (d:> (df>c
Dist to Extreme Tension Steel (d,)= 71.50 in Dist to Extreme Tension Steel (d,)= 71.50 in
C/d= 0.10| Tension Controlled |C/d¢= 0.10| Tension Controlled
8.5.2.3 Minimum Steel (AASHTO 5.7.3.3 and 5.4.2.6)
@My 2 My, = min(1.33My, 12Mer)  Mer =73 [(ygﬂ +¥3fpp)Se = Mone (SS— - 1)] fr=024Jfc  fu= :’” +@
NC NC NC
1.33M,= 5662.74 kip-ft 1.33M,= 5662.74 kip-ft
f= 0.63 ksi f= 0.63 ksi
fo= -0.55 ksi fo= -0.55 ksi
Mpnc= 0.00 kip-ft Monc= 0.00 kip-ft
Sye= 23013.28 in’ Sye= 23013.28 in’
Se= 68473.36 in’ Se= 68473.36 in’
Vi= 1.60 Vi= 1.60
Vo= 1.10 Vo= 1.10
Va= 0.67 Va= 0.67
M= 1574.91 kip-ft M= 1574.91 kip-ft
1.2M= 1889.89 kip-ft 1.2M= 1889.89 kip-ft

M,= 1889.89 kip-ft

M,= 1889.89 kip-ft

8.5.2.4 Control of Cracking by Distribution of Reinforcing in the Slab (AASHTO 5.7.3.4)

s< 700 _ 2d,
ﬁZfSS

Exposure Factor (y.)= 1.00 Class 1 Exposure
Thick of Con Cover (d,)= 2.81in

Overall Height (h)= 74.00 in

B,= 1.06

Min Reb Separation (S)= 23.33 in

Reinf Separation (S,)= 4.00 in

Cracked Section Properties

Ax = Z A%y
i

72
X
(A1 + 285+ by T+ Aps + AT = Arxy + 20575 + by o+ Aps¥y + AYs = Ay + 245 + Aps + As = B and Avxy + 2490, + Aps¥y + AYs = P

72

dc

Y T

Exposure Factor (y.)= 1.00 Class 1 Exposure

Thick of Con Cover (d,)= 2.81in
Overall Height (h)= 74.00 in
B= 1.06

Min Reb Separation (S)= 23.33 in

BOTTOM OF BEAM

x? x
M+bwf2:P+bw7 - bw7+Bi—P:0
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b= 8.00 in b= 8.00 in
A= 176.00 in’ A= 176.00 in’
A= 60.38 in’ A= 60.38 in’
X;= 2.75 in X;= 2.75 in
Xp= 7.83 in Xp= 7.83 in
An= 0.00 in’ An= 0.00 in’
= 0.00 in = 0.00 in
= 118.36 in’ = 118.36 in’
Y= 69.11 in Y= 69.11 in
B= 41511 in” B= 41511 in”
P= 9610.42 in’ P= 9610.42 in’
xX= 19.49 in xX= 19.49 in
les 376494.90 in* o= 376494.90 in*
Sy= 19316.66 in’ Sy= 19316.66 in’
Miern= -2530.62 kip-ft Myer= -2530.62 kip-ft
Tensile Stress in Mild Steel Reinforcement At Service Limit State
fo= 22.88 ksi fo= 22.88 ksi
TOP OF BEAM

Ax = Z A%y
i

X
(Ay + 245 + by X + Aps + Ag + Aq)% = Ayxy + 2450, + Agxz + by, 2

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

x2 x2
Bx + b,x% = P+ b, — — bw7+Bi—P:0

b= 8.00 in
A= 176.00 in’
A= 60.38 in’
A= 586.32 in”
X;= 10.25 in
Xp= 15.33 in
X3= 3.75in
Aps= 37.61in’
Y= 70.47 in
A= 0.00 in’
Y= 0.00 in
B= 920.68 in”
p= 8504.72 in’
X= 8.89 in

= 150191.44 in’
.= 16887.31 in’

8.5.2.5 Longitudinal Steel at Top of Girder (AASHTO 5.9.4.1.2)

b= 8.00 in
A= 176.00 in’
A= 60.38 in’
A= 586.32 in”
X;= 10.25 in
Xp= 15.33 in
X3= 3.75in
A= 37.61in’
= 70.47 in
A= 0.00 in’
Y= 0.00 in
B= 920.68 in”
p= 8504.72 in’
X= 8.89 in

= 150191.44 in’
.= 16887.31 in’

Transformed

X2
X1
T
\

As

—
Aps

Yp

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Ys

Asl Transformed

]

2
FApsYy + AYs = Ay + 245 + Aps + Ag + Ag = B and Ayxy + 245%5 + ApsYy + AYs + Agxs = P

bw
|
il
o =
>
>
s
Al — =
@
2
A2
Aps
Transformed As

Bonded reinforcement (reinforcing bars or prestressing steel) sufficient to resist the tensile force in the concrete computed assuming an uncracked section, where reinforcement is

proportioned using a stress of 0.5 fy, not to exceed 30 ksi.

Height of the Beam (H)=
Top Stress at Service (ot)=
Bot Stress at Service (ob)=
Distance to N.A. (X)=

ol=

02=

b=

Tensile Force (T)=
Steel Allowable Stress(fs)=

Steel Required (As)=
Rebar Number (#)=

Areonr=
Hres extra TOP™

Hres extra TOP™

66.00 in
0.44 ksi
-1.12 ksi
18.68 in
0.35 ksi
0.25 ksi
8.00 in
4.00 in
4.00 in
61.00 in
159.85 kip
30.00 ksi
5.33 in’
5 /8"
031in’
18.00 Rebars
20.00 Rebars

Height of the Beam (H)=
Top Stress at Service (ot)=
Bot Stress at Service (ob)=
Distance to N.A. (X)=

ol=

02=

b=

Tensile Force (T)=

Steel Allowable Stress(fs)=
Steel Required (As)=
Rebar Number (#)=
Agesar=

Hres extra TOP™

190f 24
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66.00 in
0.44 ksi
-1.12 ksi
18.68 in

0.35 ksi
0.25 ksi
8.00 in
4.00 in
4.00 in
66.00 in
170.79 kip
30.00 ksi
5.69 in®
5 /8"
031in’
19.00 Rebars
20.00 Rebars
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9. SHEAR DESIGN (AASHTO 5.8)
9.1 GENERAL REQUIREMENTS (5.8.1)

= 0.90 (See AASHTO 5.5.4.2)
= 0.90 (See AASHTO 5.5.4.2)
= 0.70 (See AASHTO 5.5.4.2)
9.1.1 Minimum Transverse Reinforcement
Rebar Number (#)= 4 /8" Rebar Number (#)= 4 /8"
J N 0.20 in’ Argsar= 0.20 i’
i = 2y i = 2y
0.0316b,+/f"¢ 0.0316b,+/f"¢
Min Separation (s.,,)= 35.23 in Min Separation (s.,,)= 35.23 in

9.1.2 Effective Shear Depth

4 =d, — g d = Apsfpsdps + Asfyds
v e 2 ¢ Apsfos + Asfy
b= 8.00 in b= 8.00 in
Positive Moment
de= 70.47 in de= 70.47 in
d= 69.22 in d= 69.22 in
Negative Moment
de= 69.11 in de= 69.11 in
d,= 66.50 in d,= 66.50 in
9.1.2 Shear Stress on Concrete (AASHTO 5.8.2.9)
S %+ ovip|
Y Bvbyd,
9.1.3 Maximum Spacing of Transverse Reinforcement (AASTHO 5.8.2.7)
if v, < 0.125f"; then if v, = 0.125f", then
Smax = 0.8d, < 24in Smax = 0.4dy < 12in

9.2 SECTIONAL DESING MODEL
The nominal resistance is given by the lesser of:

Vo =Ve+ Vs +V, <025fchydy, +V, a = Inclination of the stirups

V. = 0.03168/f cbyd, V= Avfydy(cot6 + cota)sina V, = Component of the Prestressing Force = FysC,
s
C= 0.02 ¢ 0.02
o= 90.00 ° o= 90.00 °
B= Factor indicating ability of diagonally cracked concrete to transit tension and shear
4.8
=
(1 + 750¢,)

B=Angle of inclination of compressive stress
6 = 29 + 3500¢,

€,= Net longitudinal tensile strain in the section at the centroid of the tension reinforcement

M, IM,| should not be taken less than IV,-V,|
(d_v+ 0.5N, + |V, — | - A,,Sf,w)

A, and A should be reduced in proportion to the development length where is needed

3

€ =
EsAs + EpAps When g, is less than 0, It should be taken as 0 or recalculated using other expression but not taken less than -0.4 X10
foo = 0.7fm foom 189.00 ksi
=
C _ _{_‘/ 3
0.5h .V
u
l v, coth o
L = " =1 AT
A Flexural [} /
0.5h = tension 7 7 = 7 Va € 05y
A side f F ( f ‘“HT AN l

Section Sectional Diagonal Equivalent

Forces Cracks Forces
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Superstructure Design APPENDIX B: Two Spans Continuous
Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 1
SHEAR RESISTANCE (kip)
GENERAL PROCEDURE FOR THE SECTIONAL DESIGN MODEL
Parameter Units LOCATION
0.05L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 0.95L
V, kip 327.25 294.24 229.15 164.71 103.56 98.84 157.95 220.07 280.81 339.95 368.61
Vy kip 10.89 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 9.07
\R'Al kip 316.37 276.10 211.01 146.57 85.41 80.69 139.81 201.92 262.66 321.81 359.54
N, kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M, kip-in 19237.08 38468.16 66832.32 85469.76 94970.40 95722.44 88073.64 71880.48 47728.92 17314.08 68018.70
# Strand Tension Side 40.00] 40.00 43.00 43.00 43.00 43.00] 43.00 43.00] 43.00 3.00 3.00
Ags in’ 3.67 6.12 6.58 6.58 6.58 6.58 6.58 6.58 6.58 0.46 0.23
& in/in 0.00E+00 0.00E+00 0.00E+00 6.37E-04 9.88E-04 1.02E-03 7.79E-04 0.00E+00 0.00E+00 8.08E-04 2.21E-03
[:] 29.00 29.00 29.00 31.23 32.46 32.56 31.73 29.00 29.00 31.83 36.72
B 4.80 4.80 4.80 3.25 2.76 2.72 3.03 4.80 4.80 2.99 1.81
Simin reinf in 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23
Vy ksi 0.64! 0.56 0.43 0.30 0.18 0.17 0.28 0.41 0.53 0.68 0.75
Snax in 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
S in 11.00 16.00 16.00 24.00 24.00 24.00 24.00 24.00 16.00 8.00 5.00
\'A kip 267.49 183.90 183.90 112.08 106.84 106.43 109.91 122.60] 183.90 315.58 420.11
V, kip 222.23 222.23 222.23 150.40 127.63 126.09 140.26 222.23 222.23 132.97] 80.43
V, kip 500.61 424.27 424.27 280.63 252.62 250.67 268.31 362.98 424.27 466.69 509.62
@V, kip 450.55 381.85 381.85 252.57 227.35 225.60 241.48 326.68 381.85 420.02 458.65
Check OK OK OK OK OK OK OK OK OK OK OK
Design: USE #4C/11in | #4C/16in #4C/16in #4C/24in #4C/24in #4C/24in | #4C/24in | #4C/24in | #4C/16in #4C/8in #4C/5in
SPAN 2
SHEAR RESISTANCE (kip)
GENERAL PROCEDURE FOR THE SECTIONAL DESIGN MODEL
Parameter Units LOCATION
0.05L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 0.95L
vV, kip 377.68 342.56 282.89 222.15 160.03 96.76 101.48 162.63 227.07 292.16 32491
vV, kip 9.07 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 9.07
V-V, kip 368.61 324.42 264.74 204.00 141.89 78.61 83.33 144.49 208.93 274.02 315.84
N, kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
IM, | kip-in 68018.70 17314.08 47728.92 71880.48 88073.64 95722.44 94970.40| 85469.76 66832.32 38468.16 19237.08
# Strand Tension Side 3.00 3.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 40.00 40.00
A in’ 0.23 0.46 6.58 6.58 6.58 6.58 6.58 6.58 6.58 6.12 3.06
€ in/in 2.22E-03 8.12E-04 0.00E+00 0.00E+00 7.89E-04| 1.01E-03 9.79E-04| 6.27E-04 0.00E+00 0.00E+00 1.33E-04
(] 36.77 31.84 29.00 29.00 31.76 32.52 32.43 31.20 29.00 29.00! 29.46
B 1.80 2.98 4.80 4.80 3.02 2.73 2.77 3.26 4.80 4.80 4.37
Smin reinf in 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23 35.23
Vy ksi 0.77 0.68 0.53 0.41 0.29 0.16 0.17 0.29 0.42 0.55 0.64
Srmax in 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
S in 5.00 8.00 16.00 24.00 24.00 24.00 24.00 24.00 16.00 16.00 11.00
Vg kip 419.32 315.39 183.90 122.60 109.77 106.57 106.98 112.23 183.90 183.90 262.45
V. kip 80.09 132.71 222.23 222.23 139.62 126.61 128.16 151.14 222.23 222.23 202.13
V, kip 508.48 466.24 424.27 362.98 267.53 251.32 253.28 281.51 424.27 424.27 473.66
@V, kip 457.63 419.62 381.85 326.68 240.78 226.19 227.96 253.36 381.85 381.85 426.29
Check OK OK OK OK OK OK OK OK OK OK OK
Design: USE #4C/5in #4C/8in #4C/16in #4C/24in #4C/24in #4C/24in | #4C/24in | #4C/24in | #4C/16in | #4C/16in | #4C/11in
9.3 MINIMUM LONGITUDINAL STEEL (AASTHO 5.8.3.5)
T:;f/[;vw.sg—ﬁ(;—':—% —0.5V5>c0t6 T = Asfy + Apsfps 2 T
SPAN 1
MINIMUM LONGITUDINAL STEEL (kip)
GENERAL PROCEDURE FOR THE SECTIONAL DESIGN MODEL
Parameter Units LOCATION
0.05L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 0.95L
v,/ 9, kip 363.61 326.93 254.62 183.02 115.06 109.82 175.50 244.52 312.01 377.72 409.56
Vi, kip 10.89 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 9.07
V,/®,-V, kip 352.73 308.79 236.47 164.87 96.92 91.67 157.36 226.37 293.86 359.58 400.49
Vg kip 267.49 183.90 183.90 112.08 106.84 106.43 109.91 122.60 183.90 315.58 420.11
N,/ @, kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
IM, /@¢d,| kip 308.79 617.47 1072.76 1371.92 1524.42 1536.49] 1413.72 1153.79] 766.12 289.28 1136.43
[:] 29.00 29.00 29.00 31.23 32.46 32.56 31.73 29.00 29.00 31.83 36.72
T kip 703.84 1008.67 1333.49 1551.42 1592.81 1596.73 1579.34 1451.60! 1130.39 614.39 1391.72
fos ksi 991.32 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 877.84
T, kip 6066.85 10744.73 11550.58 11550.58 11550.58 11550.58 11550.58 11550.58 11550.58 2048.01 1645.08
Check OK OK OK OK OK OK oK OK oK OK oK
210f24
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Superstructure Design APPENDIX B:

Two Spans Continuous

Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft
0.56 0.50
SPAN 2
MINIMUM LONGITUDINAL STEEL (kip)
GENERAL PROCEDURE FOR THE SECTIONAL DESIGN MODEL
Parameter Units LOCATION
0.05L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 0.95L
v,/ @, kip 419.65 380.62 314.32 246.83 177.81 107.51 112.75 180.71 252.30 324.62 361.01
vV, kip 9.07 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 18.14 9.07
V,/@,-V, kip 410.57 362.48 296.17 228.69 159.67 89.36 94.61 162.56 234.16 306.48 351.94
\'A kip 419.32 315.39 183.90 122.60 109.77 106.57 106.98 112.23 183.90 183.90! 262.45
N,/ @, kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
IM, /@¢d,| kip 1136.43 289.28 766.12 1153.79 1413.72 1536.49 1524.42 1371.92 1072.76 617.47 308.79
(] 36.77 31.84 29.00 29.00 31.76 32.52 32.43 31.20 29.00 29.00! 29.46
T kip 1405.25 619.02 1134.56 1455.77 1582.97 1593.07 1589.15 1547.72 1329.32 1004.50 699.47
fos ksi 877.84 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 1755.67 877.84
T, kip 1645.08 2048.01 11550.58 11550.58 11550.58|  11550.58|  11550.58|  11550.58|  11550.58|  10744.73 5372.36
Check OK OK OK OK OK OK OK OK OK OK OK
9.4 HORIZONTAL SHEAR (AASTHO 5.8.4)
The Horizontal Shear is caused only by composite Loads
i . Cohesion Factor (c)= 0.28 (See AASHTO 5.8.4.3)
OVni = Vi
Fraction of concrete strength to resist Interface Shear (K1)= 0.30 (See AASHTO 5.8.4.3)
Vi = cAcy + u(Avsfy + P2) Vi < min(KafAcy , K2Acy) Limiting Interface Shear Resistance (K2)= 1.80 (See AASHTO 5.8.4.3)
ul =
Acy = byiLy; Vui = Vii = Vyibypily; W 1.00 (See AASHTO 5.8.4.3)
vily
SPAN 1
COMBINATED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 207.72 171.79 136.80 102.45 71.39 96.76 129.94 161.96! 192.61 221.66 248.88
Strength | Min -M 198.22 164.81 132.33 100.51 70.81 93.66 124.32 153.83 181.96 208.49 233.20
Strength Il Max +M 19.92 14.64 9.36 4.08 1.20 6.48 11.76 17.04 22.32 27.60 32.88
Strength 11l Min +M 10.41 7.65 4.89 2.13 0.63 3.39 6.15 8.91 11.67 14.43 17.20
Strength V Max +M 164.80! 135.87 107.67 79.96 55.34 76.12 102.93 128.84 153.69 177.31 199.51
Strength V Min +M 155.29 128.89 103.20 78.02 54.77 73.03 97.31 120.71 143.04 164.14 183.82
HORIZONTAL SHEAR DESIGN - SHEARS (Kips)
Parameter Units LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Vi kip 207.72 171.79 136.80 102.45 71.39 96.76 129.94 161.96! 192.61 221.66 248.88
bvi in 61.00! 61.00 61.00 61.00 61.00 61.00! 61.00 61.00! 61.00 61.00! 61.00!
L in 11.00 16.00 16.00 24.00 24.00 24.00 24.00 24.00 16.00 8.00:! 5.00:!
Ao in’ 671.00 976.00 976.00 1464.00 1464.00 1464.00 1464.00 1464.00 976.00 488.00 305.00
Vi ksi 0.05 0.04 0.03 0.02 0.02 0.02 0.03 0.04! 0.05 0.05 0.06
2 kip 33.01 39.71 31.62 35.52 24.75 33.55 45.05 56.15 44.52 26.66 18.71
P kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vyi kip 211.44 296.84 296.84 433.48 433.48 433.48 433.48 433.48] 296.84] 160.20 108.96
[\ kip 190.30 267.16 267.16 390.13 390.13 390.13 390.13 390.13 267.16 144.18 98.07
Check 0K OK 0K 0K 0K 0K OK 0K OK 0K OK
SPAN 2
COMBINATED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 262.34 222.19 192.61 161.96 129.94 96.76 71.39 102.45 136.80 171.79 207.20
Strength | Min -M 246.65 209.02 181.96 153.83 124.32 93.66 70.81 100.51 132.33 164.81 197.70
Strength Il Max +M 32.88 27.60 22.32 17.04 11.76 6.48 1.20 4.08 9.36 14.64 19.92
Strength Ill Min +M 17.20 14.43 11.67 8.91 6.15 3.39 0.63 2.13 4.89 7.65 10.41
Strength V Max +M 209.89 177.71 153.69 128.84 102.93 76.12 55.34 79.96 107.67 135.87 164.39
Strength V Min +M 194.21 164.54 143.04 120.71 97.31 73.03 54.77 78.02 103.20 128.89 154.89
HORIZONTAL SHEAR DESIGN - SHEARS (Kips)
Parameter Units LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Va kip 262.34 222.19 192.61 161.96 129.94 96.76 71.39 102.45 136.80 171.79 207.20
by in 61.00 61.00 61.00 61.00 61.00 61.00 61.00 61.00 61.00 61.00 61.00
Ly in 5.00 8.00 16.00 24.00 24.00 24.00 24.00 24.00 16.00 16.00) 11.00
Ay in’ 305.00 488.00 976.00 1464.00 1464.00 1464.00 1464.00 1464.00 976.00 976.00 671.00
Vi ksi 0.06 0.05 0.05 0.04 0.03 0.02 0.02 0.02 0.03 0.04 0.05
Vi kip 19.72 26.73 44.52 56.15 45.05 33.55 24.75 35.52 31.62 39.71 32.93
Pc kip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vi kip 108.96! 160.20 296.84 433.48 433.48 433.48 433.48 433.48 296.84 296.84 211.44
(A kip 98.07 144.18 267.16 390.13 390.13 390.13 390.13 390.13 267.16 267.16 190.30:!
Check 0K OK OK OK OK OK OK OK OK OK OK
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Superstructure Design
Bulb Tee

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

10. CONTINUITY CONNETION IN THE NEGATIVE MOMENT ZONES

10.1 NEGATIVE MOMENT CONEXION (AASTHO 5.7.3.2)

10.1.1 NOMINAL RESISTANCE AND FLEXURAL RESISTANCE (AASHTO 5.7.3.2.1]

lar Section Beh
— Asfs — A’sf’s
0.85f":B1b
Mild Steel (A,)= 0.00 in® = 0.70
Dist to mild Steel (d,)= 0.00 in c= 2.62 in
Tension Steel (A')= 2070 in’ a= 1.83in
Dist to Tension Steel (d,')= 69.11 in Dist to Extreme Tension Steel (d,)= 71.50 in
C/d= 0.04 Tension Controlled Strain (gy)= 0.005 in/in
a a Compression Strain Limit (g.)= 0.003 in/in

My = Asfy (ds - E) —Asfly (d,S - E) Compression Controlled Strain (g.)= 0.002 in/in
M= 7059.30 kip-ft Tension Controlled Limit (c/d);= 0.38
Driexure™ 1.00 Compression Controlled Limit (c/d)c= 0.60
om,= 705930 kip-ft
M, () = 4257.70 kip-ft

10.2. POSITIVE MOMENT CONNECTION (AASHTO 5.14.1.4)

A minimum girder age of at least 90 days when continuity is established is required (AASHTO 5.14.1.4.4) In order to avoid computation of time dependent effect
10.2.1 POSITIVE MOMENT CONNECTION USING PRESTRESSING STRANDS (AASHTO 5.14.1.4.9¢)
Pretensioning strands that are not debonded at the end of the girder may be extended into the continuity diaphragm as positive moment reinforcement. The extended strands shall be
anchored into the diaphragm by bending the strands into a 90-degree hook or by providing a development length.

Service Limit State

Strength Limit State

BEAM
—

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

(Pasn — 8) - . (Pasn — 8) : -
fpst = 0228 limit state, Cracked section shall be four = o163 fou= Stress in the strand at the Strength Limit State
N assumed .
fr = 024Vf'¢ | fr=0244f,
= 26.00 i
Mer = f;Spe n Mer = frSpe
fosi= 78.95 ksi four 110.43 ksi
f= 0.63 ksi f= 0.63 ksi

Spe= 16887.31 in’ Spe= 27039.36 in’
M= 893.59 kip-ft M= 1430.79 kip-ft
1.2 M= 1072.31 kip-ft 1.2 M= 1716.95 kip-ft

_ Apsfpsi d=h—hy 0= Apsfesi d=h—hp Strands

0.85f'ch 0.85f"ch
a a
My = Apsfpsi (d = 3) My = Apsfour (d = 5)
Number of Strand Rows Used= 2 Number of Strand Rows Used= 2
Distance to Strands (d)= 71.00 in Distance to Strands (d)= 71.00 in
Number of Strands Used= 20 Number of Strands Used= 20
An= 3.06 in° An= 3.06 in’
a= 0.36 in a= 0.50 in
oM,= 1425.76 kip-ft oM,= 1992.31 kip-ft
11. PRETENSIONED ANCHORAGE ZONES (AASTHO 5.10.10.1)
Reinforcing at the end of the girder to resist splitting forces. The stirrups must resist 4% of P
By = Asfs = 0.04P; The term fs cannot exceed 20 ksi
0.04P; These must be placed over a distance h/4 (h=depth of the Girder)
Ay = —t
20

P= 1755.67 kip P= 1755.67 kip
A= 351 in’ A= 351 in’
Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8"
Aveann= 031in’ Aveann= 031in°
Hres extra TOP™ 5.00 Rebars Hres extra TOP™ 5.00 Rebars
h/4= 16.50 in h/4= 16.50 in

12. CONFINEMENT REINFORCEMENT (AASTHO 5.10.10.2)

For the distance of 1.5d from the end of the beams other than box beams, reinforcement shall be placed to confine the prestressing steel in the bottom flange. The reinforcement shall not
be less than No. 3 deformed bars, with spacing not exceeding 6.0 in. and shaped to enclose the strands.

1.5d= 99.00 in

1.5d= 99.00 in

23 0f 24
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Superstructure Design APPENDIX B: Two Spans Continuous

Bulb Tee SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

13. DEFORMATIONS
13.1 CAMBER (AASTHO 5.7.3.6.2) Py (ecLz _ E'az) 245in 4 Spans 1 and 3

2.45 in f Span 2

= AD$=
ps™

Camber includes: - Prestressing Eal\ 8 6 D=

For simplicity, this values must be check during fabrication.

- Permanent Loads acting in the non composite section such as: Beam Weight, slab and others

1 (wix® wx* wlix ~ Swit Doy max= 2.06 in ¢ Spans 1and 3
ADL_E 12 24 24 Apr max= 384E] Dot max= 2.06 in ¢ Span 2
- Permanent Loads acting in the composite section such as: Barriers and future wearing surface. (Computed with a Structural Analysis Software
Doy parr max= #REF! in # Spans 1and 3 Doy pw max= #REF! in ¢ Spans 1and 3
Doy Bare max= -0.03 in ¢ Span 2 Do pw max= -0.06 in ¢ Span 2

13.2 PERMANENT DELFECTION - According to AASHTO 3.6.1.3.2

The deflection should be taken as the larger of:

i) That resulting from the design truck alone, or

i) That resulting from 25 percent of the design truck taken together with the design lane load

It is assumed that all design lanes are loaded and that all supporting components are assumed to deflect equally (AASTHO article 2.5.2.6.2
Live-load deflection is checked using the live-load portion of SERVICE | load combination, including the appropriate dynamic load allowance

Number of Lanes= 2.00 Lanes
Load Combination? Service | According to AASHTO 2.5.2.6.2

Ay max< Span Live Load Factor= 1.00 LL+IM NON-COMPOSITE ACTION

800 Distribution Factor= 0.40 Trucks COMPOSITE ACTION
(#Lanes/#Beams)
SPAN Span Length |  Bryccmax Bane max Byim max B max Byirmit (Sp/800)
(ft) (in) (in) (in) (in) (in)
SPAN 1 110.00 0.23 0.10 0.23 0.23 1.65 OK |
SPAN 2 110.00 0.23 0.10 0.23 0.23 1.65 0K |

24 of 24
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Bridge Deck Design APPENDIX B:
Steel Plate Girder Superstructire SELECTED EXAMPLES OF BRIDGE DESIGN

BRIDGE DECK DESIGN (Reinforced Concrete Section)

Table of Contents

1. MATERIALS PROPERTIES
1.1 CONCRETE
1.3 REINFORCEMENT STEEL
2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)
2.1 Concrete
3. GEOMETRIC PROPERTIES

3.1 GENERAL
4.10ADS
4.1 DEAD LOAD (DC)
4.2 DEAD LOAD WEARING SURFACE (DW)
4.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)
4.3.1 Equivalent Strip Width (AASHTO 4.6.2.2)
5. MOMENTS

5.1 DEAD LOAD
5.2 LIVE LOAD
5.3 LOAD COMBINATIONS
5.4 DESIGN SHEAR AND MOMENTS
6. DESIGN OF REINFORCED CONCRETE
6.1 MOMENT CAPACITY - NEGATIVE (TOP) (AASTHO 5.7.3.2)
6.1.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)
6.1.2 Moment Capacity (AASHTO 5.7.3.2)
6.1.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4)
6.1.4 Fatigue Limit State Check (AASHTO 5.5.3, 5.7.1, 9.5.3)
6.1.5 Shrinkage and Temperature Reinforcement (Bottom bars) (AASHTO 5.10.8)
6.2 MOMENT CAPACITY - POSITIVE (BOTTOM) (AASTHO 5.7.3.2)
6.2.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)
6.2.2 Moment Capacity (AASHTO 5.7.3.2)
6.2.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4)
6.2.4 Transverse Distribution Reinforcement (Top bars) (AASHTO 5.14.4.1)

BRIDGE DECK DESIGN (Reinforced Concrete Section)

AASHTO LRFD Bridge Design Specifications U.S. Customary Units, Seventh Edition, 2014
1. MATERIALS PROPERTIES

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

1.1 CONCRETE 1.3 REINFORCEMENT STEEL AASTO A615, Grade 60
f= 2.00 ksi Fy= 60 ksi

Ee= 3834 ksi Fu= 80 ksi

Y= 0.150 kip/ft’ E= 29000 Ksi

n= 8.00 X,= 0.490 kip/ft’

AASHTO 3.7.1 The modular ratio, n, is rounded to the nearest integer number.

2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)

2.1 Concrete

Orens Controlled™ 0.90 Pgearing= 0.70 Pmoment= 0.90
bshear= 0.90 dcomp contro™ 0.75
3. GEOMETRIC PROPERTIES
3.1 GENERAL
Slab Thickness (e)= 8.00 in Number of Lanes (N)= 3.00 The distance from the centerline of girder to the design section for
Sacrificial Surface (sw)= 0.50 in Skew (°)= 0.00 ° negative moment in the deck (d;) should be taken equal to one-third of
Width (W)= 43.00 ft Beams Separation (S)= 9.50 ft the flange width from the centerline of the support (AASHTO 4.6.2.1.6),
Number of Beams (N)= 5.00 beams de= 533 in but not to exceed 15 in.
3.3.1 CONCRETE BEAM
d= 45.75 in
b= 16.00 in b= 16.00 in Tu® 0.50 in
T= 0.88 in Te= 0.88 in Hy= 44.00 in
Section Area (in’) |y (in) x (in) Ay (in’) Ax (in’) Ly (in%) 1,y (in) d, (in) d, (in) AdzZ(inY)  [Adz(in")
Top Flange 14.00 0.44 8.00 6.13E+00 1.12E+02 8.93E-01 2.99E+02 0.44 8.00 2.68E+00 8.96E+02
Bot Flange 14.00 45.31 8.00 6.34E+02 1.12E+02 8.93E-01 2.99E+02 45.31 8.00 2.87E+04 8.96E+02
Web 22.00 22.88 8.00 5.03E+02 1.76E+02 3.55E+03 4.58E-01 22.88 8.00 1.15E+04 1.41E+03
Ar= 50.00 in®
= 43810.76 in* X
Weight= 170.14 Ib
4.LOADS ’ r Pi
4.1 DEAD LOAD (DC) | ‘
Concrete Deck= 0.100 kip/ft? o \*,\i/ STyt o T e S
Stay-in-Place Forms= 0.015 kip/ft T o0 . o , R NER T Tt s sy ®
Total DC= 0.12 kip/ft? ~ SO i AR o1 ==
Rail Barriers= 0.39 kip/ft/Barrier
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APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGN

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

4.2 DEAD LOAD WEARING SURFACE (DW)

Future Wearing Surface= 0.035 kip/ft?
4.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)

Live load is composed by the following:

i) Design Truck or design Tandem (pair of 25kips axles spaced 4ft apart)

(Common Value used see FHWA examples)

ii) Design lane load (The design lane load shall consist of a load of 0.64 kif
uniformly distributed in the longitudinal direction. Transversely, the
design lane load shall be assumed to be uniformly distributed over a 10.0-
ft width.)

8O KIP

320KP 320 KIP

I wee' L w0 10 300"
Using the approximate method of deck analysis (AASHTO 4.6.2), live load effects may be determined by modeling the deck as a beam supported on the girders. One or more axles may be
placed side by side on the deck (representing axles from trucks in different traffic lanes) and move them transversely across the deck to maximize the moments (AASHTO 4.6.2.1.6). To
determine the live load moment per unit width of the bridge, the calculated total live load moment is divided by a strip width determined using the appropriate equation from Table AASHTO
4.6.2.1.3-1.

The specifications allow the live load moment per unit width of the deck to be determined using AASTHO Table A4.1-1. This table lists the positive and negative moment per unit width of decks
with various girder spacing and with various distances from the design section to the centerline of the girders for negative moment. This table is based on the analysis procedure outlined
above.

Dyn Load Allowance (IM)=
4.3.1 Equivalent Strip Width (AASHTO 4.6.2.2)
The equivalent strip width defines the width of the slab that will be impacted by the live load within a design lane. The slab is designed based on the forces developed within this width.

33% AASTO Table 3.6.2.1-1

The Cast-in-place option with stay-in-place concrete formwork is used according to the AASHTO Table 4.6.2.1.3-1 - Equivalent Strips

Strip Width Positive Moment (Epy)= 88.70 in +M =26.0+ 6.6
Strip Width Negative Moment (Eyy)= 76.50 in —M = 48.0 +3.0S
5. MOMENTS
5.1 DEAD LOAD
M w;S? Constant (c)= 10.00 Typically taken as 10 or 12
=
Concrete Decck: 0.903 kip-ft/ft
Future Wearing Surface= 0.316 kip-ft/ft
Stay-in-Place Forms= 0.135 kip-ft/ft
5.2 LIVE LOAD
Positive Moment Live Load (M+)= 6.59 kip-ft/ft Dynamic Allowance is Included in the
Negative Moment Live Load (M+)= 5.70 kip-ft/ft values obtained from AASHTO A4.1-1
5.3 LOAD COMBINATIONS
COMBINATION Type LOADICASES
DC bW LL M BR ws wL FR U TG Ic
Strength | Max 1.25 1.50 1.75 1.75 1.75 - - 1.00 1.20 - -
Min 0.90 0.65 1.75 1.75 1.75 - - 1.00 0.50 - -
Extreme |Max 1.25 1.50 0.50 0.50 0.50 - - 1.00 - - 1.00
Event Il Min 0.90 0.65 0.50 0.50 0.50 - - 1.00 - - 1.00
Service | Max 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00 0.50 -
Min 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.20 0.50 -
service Il Max 1.00 1.00 1.30 1.30 1.30 - - 1.00 1.00 0.50 -
Min 1.00 1.00 1.30 1.30 1.30 - - 1.00 1.20 0.50 -
5.4 DESIGN SHEAR AND MOMENTS
SPAN 1
LOAD COMBINATION POSITIVF MOMENT NEGATI\I.E MOMENT
(kip-ft) (kip-ft)
Strength | 13.30 11.75
Extreme Event Il 5.07 4.62
Service | 7.94 7.05
Service Il 9.92 8.76
6. DESIGN OF REINFORCED CONCRETE
Reinforcement
Top Bottom Transversal Reinforcement
Rebar Number (#)= 6 /8" Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8"
Rebar Spacing (s)= 5.00 in Rebar Spacing (s)= 7.00 in Rebar Spacing (s)= 7.00 in
Aresar= 0.44 in’ Agesar= 031 in’ Agesar= 031 in’
Ages Top= 1.06 inz/ft Ages Top= 0.53 inz/ﬂ Ages Top= 0.53 inz/ﬂ
Top Compression Region Bottom Compression Region
Rebar Number (#)= 0 /8" Rebar Number (#)= 0 /8"
Rebar Spacing (s)= 7.00 in Rebar Spacing (s)= 8.00 in
Aresar= 0.00 in’ Agesar= 0.00 in’
Areaor™ 0.00 in’/ft Ares 1op= 0.00 in%/ft
Covergp= 2.50 in Measured to edge of top reinforcement
Covergor= 1.00 in Measured to edge of top reinforcement
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Steel Plate Girder Superstructire SELECTED EXAMPLES OF BRIDGE DESIGN Spans 110 - 110 ft
Beam Separation 9.5ft

6.1 MOMENT CAPACITY - NEGATIVE (TOP) (AASTHO 5.7.3.2)

Design strip width equal to 1 ft

b= 12.00 in

Nneg= 7.50 in

6.1.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)

Factored Flexural Resistance, Mr, must be greater than or equal to the lesser of Mcr (Cracking Moment) or 1.33 Mu (Ultimate Moment)

s V1= 1.60 Other structures
Mo =73 (ylfr + yzfcpe)sc — Manc (5_:[7 1)] f= 0'24m Se:Stop Vo= 1.00 None Prestressed
V3= 0.67 AASTO A615 Grade 60

Gross Moment of Inertia (Iy)= 421.88 in*
Modulus of Rupture (f,)= 0.48 ksi AASHTO 5.4.2.6
Distance From Center of Gravity to Extreme tension fiber (y,)= 3.75 in
Section Modulus (Srep)= 112550 i’
Section Modulus of noncomposite subjected to tension(S,.)= 112.50 in®
Total unfactored dead load acting on noncomposite(Mgnc)= 1.35 kip-ft
Compressive Stress due to prestress (fee)= 0.00 ksi Minimum principal reinforcement according to
Cracking Moment (Mc, neg)= 4.82 kip-ft INDOT 404-2.01is #5 @ 8"
Ultimate Moment (M, _neg)= 11.75 kip-ft
Factored Flexural Resistance (My neg)= 4.82 kip-ft

6.1.2 Moment Capacity (AASHTO 5.7.3.2)
B1 shall be taken as 0.85 for concrete strengths not exceeding 4.0 ksi. For concrete strengths exceeding 4.0 ksi B1 shall be reduced at a rate of 0.05 for each 1.0 ksi of strength in excess of 4.0

ksi, B1 shall not be taken to be less than 0.65. Ag negfy
[ 0.85 AASTHO 5.7.2.2 Cneg = 085F B b f'rc Binegh
Depth of cross section in Compression (cyeg)= 1.83 in _ )
Apeg = Cuegﬁl,ney
Depth of equivalent stress block (aeg) (AASTHO 5.7.2.2)= 1.56 in
Cneg/dneg= 0.26 < 0.60, Reinforcement will yield
a

My neg = As negly (d,‘eg - "Zeg) AASTHO Eq. 5.7.3.2.2-1
Nominal Flexural Resistance (@M _neg)= 18.35 kip-ft
Ultimate Moment (M _neg)= 11.75 kip-ft oK
Factored Flexural Resistance (My neg)= 4.82 kip-ft oK
6.1.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4) dk
de_neg= 2.88 in R

e ) o (kneg) f——b——
Aneg= 4.63 in Jneg =1— 3 T —
Preg= 0.0191 A /1— c

2
Ko™ 042 ke = \|(2Pnegn) + (Pregn)’ = (Pregn) O B
jneg= 0.86 g dj
Ms neg ¢ neg 700ve

fs =9 =14+ — s< —2d,

e = g neatneg T T 0700k~ e g) Bifss | enes o606 — P oot
Service Moment (Ms_yeg)= 8.76 kip-ft 3 o
Service Load Bending Stress (fe;_neg)= 24.94 ksi
Bi= 1.89
Exposure Factor (ye)= 0.75 Class 2

Maximum separation of rebars (Spa)= 5.40 in

6.1.4 Fatigue Limit State Check (AASHTO 5.5.3, 5.7.1, 9.5.3)

Fatigue need not be investigated for concrete slab in multi girder bridges (AASTHO 9.5.3 and 5.5.3.1

6.1.5 Shrinkage and Temperature Reinforcement (Bottom bars) (AASHTO 5.10.8)

1.30bh

> 011 <A, <0.60
As,shr =20+ h)fy s_shr

b= 12.00 in
Pneg= 7.50 in
As ahe= 1.06 in”
As req = 0.05 in’

6.2 MOMENT CAPACITY - POSITIVE (BOTTOM) (AASTHO 5.7.3.2)
Design strip width equal to 1 ft

b= 12.00 in

hpos= 7.50 in
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6.2.1 Minimum Flexural Reinforcement (AASHTO 5.7.3.3.2)

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGN

Factored Flexural Resistance, Mr, must be greater than or equal to the lesser of Mcr (Cracking Moment) or 1.33 Mu (Ultimate Moment)

Sc
Mer = v3 |(vafy + V2fepe)Se = Manc s 1
nc

Gross Moment of Inertia (Ig)=

Modulus of Rupture (f,)=

Distance From Center of Gravity to Extreme tension fiber (y,)=
Section Modulus (Syop)=

Section Modulus of noncomposite subjected to tension(S,.)=
Total unfactored dead load acting on noncomposite(Mg,c)=
Compressive Stress due to prestress (f,e)=

Cracking Moment (M neg)=

Ultimate Moment (M, _neg)=

Factored Flexural Resistance (My neg)=

6.2.2 Moment Capacity (AASHTO 5.7.3.2)

fr=024\/f,

Two Spans Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Yi= 1.60 Other structures
Sc:Stop V2= 1.00 None Prestressed
V5= 0.67 AASTO A615 Grade 60
421.88 in’
0.48 ksi AASHTO 5.4.2.6
3.75in
112,50 in’
112,50 in’
1.35 kip-ft
0.00 ksi Minimum principal reinforcement according to INDOT 404-2.01 is
4.82 kip-ft #5@ 8"
13.30 kip-ft
4.82 kip-ft

B1 shall be taken as 0.85 for concrete strengths not exceeding 4.0 ksi. For concrete strengths exceeding 4.0 ksi B1 shall be reduced at a rate of 0.05 for each 1.0 ksi of strength in excess of 4.0

ksi, B1 shall not be taken to be less than 0.65.
B1_pos= 0.85 AASTHO 5.7.2.2

Depth of cross section in Compression (Cpqs)=
Depth of equivalent stress block (apys) (AASTHO 5.7.2.2)=

091 in
0.77 in

o = As posfy
P8 0.85f"cB1 posh

Apeg = CPasﬁlJms

Cpos/Apos= 0.15 < 0.60, Reinforcement will yield

a
Mo pos = As posfy (dpas 7%) AASTHO Eq. 5.7.3.2.2-1
Nominal Flexural Resistance (@yMn_pos)= 13.98 kip-ft
Ultimate Moment (M, _yo5)= 13.30 kip-ft oK
Factored Flexural Resistance (My yo5)= 4.82 kip-ft oK
6.2.3 Serviceability Check - Control of Cracking (AASHTO 5.7.3.4) dke
de_pos™ 121in 5
- ) k fb—b—
dpos 5.98 in Jpos =1~ @ —+
Ppos™ 0.0073 ak R ‘_ I
2
Kpos= 029 kpos = (2Pposn) + (Pposn)” = (pos) 1 —
foos= 090 ! dj
M d 700y,
fospos = g2 =14 s S STt 2 gy
As_posiposdpos 0-70(}17 dc,pas) Bifss (SRS, I—v Ay fy
Service Moment (Ms )= 9.92 kip-ft / :
(ag
Service Load Bending Stress (fs;_pos)= 41.89 ksi
By= 1.27
Exposure Factor (ye)= 0.75 Class 2
Maximum separation of rebars (Spa)= 7.42 in

6.2.4 Transverse Distribution Reinforcement (Top bars) (AASHTO 5.14.4.1)
Transverse distribution reinforcement shall be placed in the bottoms of all slabs The amount of the bottom transverse reinforcement may be determined by two-dimensional analysis, or the
amount of distribution reinforcement may be taken as the percentage of the main reinforcement required for positive moment taken as:

100 5005

VL
100/L= 3244 %
As rar= 053 in’
Aqrea= 32.44 %

6.3 DESIGN FOR SHEAR

From AASHTO LRFD 5.14.4, "Slabs and slab bridges designed for moment in conformance with Article 4.6.2.3 -

shear."”
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Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS

DESIGN OF INTERIOR BEAM - Continuous (Steel Plate Girder - Composite Section)
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7.4.4.1 FATIGUE LIMIT STATE
7.4.4.2 STRENGTH LIMIT STATE

7.5 DEFORMATIONS
7.5.1 CAMBER
7.5.2 PERMANENT DELFECTION - According to AASHTO 3.6.1.3.2

1of26

B-34

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft



Superstructure Design
Steel Plate Girder

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

DESIGN OF INTERIOR BEAM - Continuous (Steel Plate Girder - Composite Section)

AASHTO LRFD Bridge Design Specifications U.S. Customary Units, Seventh Edition, 2014

1. MATERIALS PROPERTIES

2. LIMIT STATE FACTORS (AASHTO 6.5.4.2)

1.1 STEEL A709 Gr50 1.3 REINFORCEMENT STEEL AASTO A615, Grade 60 2.1 Steel
v 50 ksi v= 60 ksi Driexure™ 1.00 dshear conn= 0.85
'l 70 ksi W= 80 ksi bshear= 1.00 Dot Tension= 0.80
= 29000 ksi = 29000 ksi Deompression™ 0.90 Dag shear= 0.80
= 0.490 kip/ft’ = 0.490 kip/ft’ Drens Fracture™ 0.80 Pplock shear= 0.80
1.2 CONCRETE Brens vielding™ 0.95 dpearing™ 1.00
fi= 4.00 ksi Daolt bearing= 0.80 dweias= 0.80
Ec= 3834 ksi 2.2 Concrete
Eg/Ec(n)= 7.56 Brens controlled™ 0.90 dpearing= 0.70
" 3
Y= 0.150 kip/ft Dshear= 0.90 Peomp control™ 0.75
3. GEOMETRIC PROPERTIES
3.1 GENERAL Overall Length= 220.00 ft Soverhang= 2.50 ft
Slab Thickness (e)= 8.00 in Span 1 Length= 110.00 ft Beams Separation (S)= 9.50 ft
Sacrificial Surface (sw)= 0.50 in Span 2 Length= 110.00 ft Number of Beams (N)= 5.00 beams
Haunch (hu)= 0.75 in Unbraced Length (Ly)= 27.50 ft
3.2 SECTION 1
3.2.1 STEEL BEAM
d= 52.00 in
bg,= 14.00 in bg= 14.00 in W= 0.50 in Perimeter= 147.00 in
Tw= 1.00 in Te= 1.00 in = 50.00 in 12.25 ft
Section Area (mm?) |y (mm) X (mm) Ay(mm’)  [Ax(mm®) |1 (mm?) Iy(mm?*)  [d,(mm) d, (mm) Ad(mm?) [A.d(mm®)
Top Flange 14.00 0.50 7.00 7.00E+00 9.80E+01 1.17E+00 2.29E+02 -25.50 0.00 9.10E+03 0.00E+00
Bot Flange 14.00 51.50! 7.00 7.21E+02 9.80E+01 1.17E+00 2.29E+02 25.50 0.00:! 9.10E+03 0.00E+00
Web 25.00 26.00 7.00 6.50E+02 1.75E+02 5.21E+03 5.21E-01] 0.00 0.00 0.00E+00 0.00E+00
A= 53.00 in”
y= 26.00 in
X-= 7.00 in
o= 2.34E+04 in’
.4
Iy 4.58E+02 in
Sy b0 900.68 in’
Syrop= 900.68 in’
.3
= 65.41 in
n= 21.02 in
r= 2.94 in
Hy= 51.00 in
)= 11.42 in*
Cw= 2.97E+405 in®
7x= 1046.72 in®
3.2.2 COMPOSITE SECTION SHORT-TERM EFFECTS (n)
Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <—— be= 114.00 in ————>
(AASTO 4.6.2.6) <—— be= 15.07 in ———>
<— 14.00in>
A
7$0in o @7 a= 6.84in
ENP
:r 0.75in
52.00in T»
A (in’)= 113.04 50.00in Yneq= 47-10in
A, (in)= 53.00
< 1.00in
I(mm”)= 2.34E+04 < 14.00in —>
N 3 - 3 2 . 2, 4
Section Area (in”) y (in) A.y (in) L (in") d, (in) Ad,(in")
Steel 53.00 26.00 1.38E+03 2.34E+04 -21.10 2.36E+04
Haunch 10.50 52.38 5.50E+02 6.51E-02 5.28 2.92E+02
Concrete 113.04 56.50 6.39E+03 5.30E+02 9.40 9.99E+03
A= 176.54 in’
= 47.10 in
[ 5.78E+04 in®
20f26
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3.2.3 COMPOSITE SECTION LONG-TERM EFFECTS (3n)

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <——— be= 114.00 in ——>
(AASTO 4.6.2.6) <—— be= 5.02in ——>
<— 14.00in>
A
7.50in o j>7 a= 6.84in
\’ ENP
:r 0.75in
52.00in T’
A (in)= 37.68 50.00in Y peq= 40-10in
A, (in)= 53.00
< — 1.00in
I(mm*)= 2.34E+04 < 14.00in —>
Section Area (in?) y (in) Ay (in’) 1o (in?) d, (in) A.d/?(in")
Steel 53.00 26.00! 1.38E+03 2.34E+04 -14.10 1.05E+04
Haunch 10.50 52.38 5.50E+02 2.17E-02 12.28 1.58E+03
Concrete 37.68 56.50! 2.13E+03 1.77E+02 16.40 1.01E+04
22
A= 101.18 in
= 40.10 in
o 4.58€+04 in*
3.2.4 COMPOSITE BEAM (REINFORCEMENT ONLY)
Reinforcement
Top Bottom Rebar Cover
Rebar Number (#)= 6 /8" Rebar Number (#)= 5 /8" Top Slab= 2.50 in
Rebar Spacing (s)= 5.00 in Rebar Spacing (s)= 7.00 in Bot Slab= 1.00 in
Ancons= 0.44 in’ Ancons= 031in’
Area Top= 1.06 in’/ft Ages Top= 0.53 in’/ft
#6 @5 in
#5 @7 in
2.50in
Soin |¢Z :/o e o o o o |
\lf [ ] [ ] [ J [ L [ [ 1.00in
:r — 100inb——————  075in
52.00in T <— 0.50in
50.00in Ypneo= 32.71in
A, (in)= 53.00
< — 1.00in
I(mm*)= 2.34E+04 < 14.00in—>
Section Area (in?) y (in) Ay (in’) 1o (in?) d, (in) A.d/(in")
Steel 53.00 26.00! 1.38E+03 2.34E+04 -6.71 2.38E+03
Top R. Steel 10.07 57.38 5.78E+02 0.00E+00 24.67 6.13E+03
Bot R. Steel 5.00 54.13 2.70E+02 0.00E+00 21.42 2.29E+03
L2
A= 68.07 in
= 32.71in
o 3.42€+04 in’
POSITIVE MOMENT GEOMETRIC PROPERTIES SUMMARY
SECTION YBoT GIRDER Y10P GIRDER Yrop stae Sgot GIRDER Stop GIRDER Stopstas
in in in in® in® in®
Girder Only 26.00 26.00 - 900.68 900.68 -
Composite (n) 47.10 4.90 13.15 1227.74 11796.90 4396.74
Composite (3n) 40.10 11.90 20.15 1143.47 3851.39 2274.86
Negative Moment (Reinf) 32.71 19.29 57.75 1046.35 1773.89 592.61
3.3 SECTION 2
3.3.1 STEEL BEAM
d= 52.75 in
bg= 14.00 in bg= 14.00 in T.,= 0.50 in Perimeter= 148.13 in
Tow= 138 in To= 1.38 in H,= 50.00 in 1234 ft
Section Area (mm?®) |y (mm) X (mm) Ay(mm®)  [Ax(mm’) |1 (mm%) I, (mm%  [d, (mm) d, (mm) AdF(mm’) [Ad?(mm?)
Top Flange 19.25 0.69 7.00 1.32E+01 1.35E+02 3.03E+00 3.14E+02 -25.69 0.00:! 1.27E+04 0.00E+00
Bot Flange 19.25 52.06 7.00 1.00E+03 1.35E+02 3.03E+00 3.14E+02 25.69 0.00 1.27E+04 0.00E+00
Web 25.00 26.38 7.00 6.59E+02 1.75E+02 5.21E+03 5.21E-01 0.00 0.00:! 0.00E+00 0.00E+00
30f26
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63.50 in’
26.38 in
7.00 in

3.06E+04 in'
6.29€+02 in*
1160.89 in’
1160.89 in’
89.91 in’
21.96 in
3.151in
51.38 in
26.35 in*
4.15E405 in®
1426.71 in®

3.3.2 COMPOSITE SECTION SHORT-TERM EFFECTS (n)

Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <———— be= 11400 in ———>
(AASTO 4.6.2.6) <—— be= 15.07 in ——>
<— 14.00in>
A
7fOin
52.75in T
A (in)= 113.04 50.00in
A(in)=  63.50 i
< 1.38in
I(mm*)= 3.06E+04 < 14.00in —>
Section Area (in’) |y (in) Ay (in’) L (in) d, (in) Ad,2(in")
Steel 63.50 26.38]  1.67E+03 3.06E+04 -20.72 2.73E+04
Haunch 10.50 53.13]  5.58E+02 6.51E-02 6.03 3.81E+02
Concrete 113.04 57.25]  6.47E+03 5.30E+02 10.15 1.16E+04
A= 187.04 in’
y= 46.54 in
[ 7.056+04 in*
3.3.3 COMPOSITE SECTION LONG-TERM EFFECTS (3n)
Height of Steel Deck Rib (f)= 0.00 in
Effective Conc Height (f')= 7.50 in
Effective Width (be)= 9.50 ft <———— be= 11400 in ——>
(AASTO 4.6.2.6) <—— be= 5.02in —>
<— 14.00in>
A
7fOin
52.75in T
A (in’)= 37.68 50.00in
A, (in)= 63.50
< 1.38in
I(mm*)= 3.06E+04 < 14.00in —>
Section Area (in’) |y (in) Ay (in’) L (in) d, (in) Ad,2(in")
Steel 63.50 26.38]  1.67E+03 3.06E+04 -13.72 1.20E+04
Haunch 10.50 53.13]  5.58E+02 2.17E-02 13.03 1.78E+03
Concrete 37.68 57.25]  2.16E+03 1.77E+02 17.15 1.11E+04
A= 111,68 in’
y= 39.31in
[ 5.56E+04 in®

40f 26
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3.3.4 COMPOSITE BEAM (REINFORCEMENT ONLY)

Reinforcement
Top

Bottom

SELECTED EXAMPLES OF BRIDGE DESIGNS

APPENDIX B:

Rebar Cover

Rebar Number (#)= 6 /8" Rebar Number (#)= 5 /8" Top Slab= 2.50 in
Rebar Spacing (s)= 5.00 in Rebar Spacing (s)= 7.00 in Bot Slab= 1.00 in
Angons= 0.44 in’ Aneoan= 031in’
Ares Top= 1.06 in’/ft Ares Top= 0.53 in’/ft
#6 @5 in
#5 @7 in
A
7.50in (& :/ o o
J ° o e
52.75in T’
50.00in
A, (in)= 63.50 i
I(mm”)= 3.06E+04 < 14.00in —>
- 3 - 3 2 . 2. 4
Section Area (in”) y (in) A.y (in) L (in") d, (in) Ad,(in")
Steel 63.50 26.38 1.67E+03 3.06E+04 -5.88 2.20E+03
Top R. Steel 10.07 58.13 5.85E+02 0.00E+00 25.87 6.74E+03
Bot R. Steel 5.00 54.88 2.74E+02 0.00E+00 22.62 2.56E+03
L2
A= 78.57 in
y= 32.26 in
= 4.21€+04 in*
POSITIVE MOMENT GEOMETRIC PROPERTIES SUMMARY
SECTION VBOT.GIRDER Vmp.emnm VTO.P sLAB Sum. G;RDER Srop- e;m:m STC:P zmu
in in in in in in
Girder Only 26.38 26.38 - 1160.89 1160.89 -
Composite (n) 46.54 6.21 14.46 1513.87 11338.50 4870.95
Composite (3n) 39.31 13.44 21.69 1415.02 4137.58 2564.01
Negative Moment (Reinf) 32.26 20.49 58.50 1305.47 2055.01 719.86
3.4 SECTION 3
3.4.1 STEEL BEAM
d= 55.25 in
bg,= 14.00 in bg= 14.00 in T.,= 0.50 in Perimeter= 151.88 in
To= 2.63 in Te= 2.63 in Hy= 50.00 in 12.66 ft
Section Area (mm?®) |y (mm) X (mm) Ay(mm®)  [Ax(mm’) |1 (mm%) I, (mm%  [d, (mm) d, (mm) AdF(mm’) [Ad?(mm?)
Top Flange 36.75 1.31 7.00 4.82E+01 2.57E+02 2.11E+01 6.00E+02 -26.31 0.00 2.54E+04 0.00E+00
Bot Flange 36.75 53.94 7.00 1.98E+03 2.57E+02 2.11E+01 6.00E+02 26.31 0.00 2.54E+04 0.00E+00
Web 25.00 27.63 7.00 6.91E+02 1.75E+02 5.21E+03 5.21E-01 0.00 0.00 0.00E+00 0.00E+00
L2
A= 98.50 {n Y
y= 27.63 in bf
X-= 7.00 in -
I 5.616+04 in®
= 1.20€+03 in*
S, bor= 2032.15 in’ a 3
Suro= 2032.15 in’ =
= 171.57 in® X X
= 23.87 in tw ©
r= 3.49in
Ho= 52.63 in =T /
)= 170.90 in* i 4
Cw= 8.31E+05 in® Y
7x= 3105.67 in’
50f26
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3.4.2 COMPOSITE SECTION SHORT-TERM EFFECTS (n)

Height of Steel Deck Rib (f)= 0.00 in

Effective Conc Height (f')= 7.50 in

Effective Width (be)= 9.50 ft <———— be= 11400 in ———>
(AASTO 4.6.2.6) <—— be= 15.07 in ———>

<— 14.00in>

7%0»
50in

ENP
:F 0.75in
55.25in T
A (in)= 113.04 50.00in
A, (in)= 98.50
< 2.63in
I(mm”)= 5.61E+04 < 14.00in —>
Section Area (in’) |y (in) Ay (in’) L (in) d, (in) Ad,2(in")
Steel 98.50 27.63| 2726403 5.61E+04 -20.76 4.256+04
Haunch 105.00 55.63]  5.84E+03 6.51E-02 7.24 5.50E+03
Concrete 113.04 59.75]  6.756+03|  5.30E+02 12.65 1.81E+04
A= 316.54 in”
y= 48.39 in
[ 1.23£405 in*

3.4.3 COMPOSITE SECTION LONG-TERM EFFECTS (3n)

Height of Steel Deck Rib (f)= 0.00 in

Effective Conc Height (f')= 7.50 in

Effective Width (be)= 9.50 ft <———— be= 11400 in ——>
(AASTO 4.6.2.6) <—— be= 5.02in —>

<— 14.00in>

7%0»
50in

ENP
:F 0.75in
55.25in /ll
A (in’)= 37.68 50.00in Y,neq= 37-88in
A(in)= 9850 i
< 2.63in
I(mm*)= 5.61E+04 <= 14.00in—>
Section Area (in’) |y (in) Ay (in’) L (in) d, (in) Ad,2(in")
Steel 98.50 27.63 2.72E+03 5.61E+04 -10.26 1.04E+04
Haunch 10.50 55.63 5.84E+02 2.17E-02 17.74 3.31E+03
Concrete 37.68 59.75 2.25E+03 1.77E+02 21.87 1.80E+04
A= 146.68 i’
y= 37.88 in
[ 8.80E+04 in*
3.4.4 COMPOSITE BEAM (REINFORCEMENT ONLY)
Reinforcement
Top Bottom Rebar Cover
Rebar Number (#)= 5 /8" Rebar Number (#)= 5 /8" Top Slab= 2.50 in
Rebar Spacing (s)= 8.00 in Rebar Spacing (s)= 8.00 in Bot Slab= 1.00 in
Ancons= 031 in’ Ancons= 031in”
Ages 1op= 0.46 inz/ft Ages top= 0.46 inz/ﬂ
#5 @8 in
#5 @8in

N
7$som |'Z :/' ®
° o o
55.25in/l>
50.00in
A(in)= 9850 i

I(mm*)= 5.61E+04 < 14.00in —>
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Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Section Area (in’) |y (in) Ay (in’) L (in) d, (in) A.d,2(in%)
Steel 98.50 27.63 2.72E+03 5.61E+04 -2.56 6.45E+02
Top R. Steel 4.37 60.69 2.65E+02 0.00E+00 30.50 4.07E+03
Bot R. Steel 4.37 57.31 2.51E+02 0.00E+00 27.13 3.22E+03
A= 107.24 in’
y= 30.18 in
= 6.41E+04 in*
POSITIVE MOMENT GEOMETRIC PROPERTIES SUMMARY
SECTION Vsor.smm Vmp-smnzn VTo.p SLAB SBDT. GIZRDER Srouz- sgnnzn STD.P ZLAB
in in in in in in
Girder Only 27.63 27.63 - 2032.15 2032.15 -
Composite (n) 48.39 6.86 15.11 2536.27 17876.68 8119.13
Composite (3n) 37.88 17.37 25.62 2323.07 5066.96 3435.20
Negative Moment (Reinf) 30.18 25.07 61.00 2122.66 2555.89 1050.30
4. LOADS
4.1 CONSTRUCTION STAGE (NON COMPOSITE) 4.1.2 LIVE LOAD (LL)
4.1.1 DEAD LOAD (DC) Construction Live Load= 0.020 kip/ft2 (Common Value used see FHWA examples)
Distributed Loads
(Common Value used see Virginia DOT and FHWA examples) Construction Live Load= 0.190 kip/ft
Distributed Loads SECTION 1 SECTION 2 SECTION 3
Steel Beam self-weight= 0.180 kip/ft 0.216 kip/ft 0.335 kip/ft
Concrete Deck= 0.950 kip/ft
Concrete Haunch= 0.011 kip/ft
Stay-in-Place Forms= 0.015 kip/ft
Miscellaneous= 0.030 kip/ft Correspond to Cross-frames, splices detailing elements and other (STANDARD VALUE USED)
Total DC= 1.19 kip/ft 1.22 kip/ft 1.34 kip/ft
SPAN 1
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight -9.00 -6.60 -4.20 -1.80 0.60 2.99 5.39 7.79 10.19 12.59 29.97
Concrete Deck -39.21 -28.76 -18.31 -7.86 2.59 13.04 23.49 33.94 44.39 54.84 130.58
Concrete Haunch -0.33 -0.24 -0.15 -0.07 0.02 0.11 0.20 0.29 0.37 0.46 1.10
Stay-in-Place Forms -0.62 -0.45 -0.29 -0.12 0.04 0.21 0.37 0.54 0.70 0.87 2.06
Miscellaneous -1.24 -0.91 -0.58 -0.25 0.08 0.41 0.74 1.07 1.40 1.73 4.12
Total DC -50.39 -36.96 -23.53 -10.10 3.33 16.76 30.19 43.63 57.06 70.49 167.84/
Construction Live Load -7.84 -5.75 -3.66 -1.57 0.52 2.61 4.70 6.79 8.88 10.97 26.12
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 0.00 85.78 145.18 178.20 184.85 165.12 119.01 46.52 -52.35 -177.60 -329.22
Concrete Deck 0.00 373.81 632.67 776.57 805.53 719.54 518.60 202.71 -228.13 -773.93 -1434.67
Concrete Haunch 0.00 3.15 5.33 6.54 6.78 6.06 4.37 1.71 -1.92 -6.52 -12.08
Stay-in-Place Forms 0.00 5.90 9.99 12.26 12.72 11.36 8.19 3.20 -3.60 -12.22 -22.65
Miscellaneous 0.00 11.80 19.98 24.52 25.44 22.72 16.38 6.40 -7.20 -24.44 -45.31
Total DC 0.00! 480.44 813.14 998.10 1035.32 924.80 666.54 260.53 -293.21 -994.70 -1843.93
Construction Live Load 0.00! 74.75 126.51 155.28 161.06 143.85 103.64 40.45 -45.73 -154.90 -287.06
SPAN 2
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 29.97 -12.59 -10.19 -7.79 -5.39 -2.99 -0.60 1.80 4.20 6.60 9.00
Concrete Deck 130.58 -54.84 -44.39 -33.94 -23.49 -13.04 -2.59 7.86 18.31 28.76 39.21
Concrete Haunch 1.10 -0.46 -0.37 -0.29 -0.20 -0.11 -0.02 0.07 0.15 0.24 0.33
Stay-in-Place Forms 2.06 -0.87 -0.70 -0.54 -0.37 -0.21 -0.04 0.12 0.29 0.45 0.62
Miscellaneous 4.12 -1.73 -1.40 -1.07 -0.74 -0.41 -0.08 0.25 0.58 0.91 1.24
Total DC 167.84/ -70.49 -57.06 -43.63 -30.19 -16.76 -3.33 10.10 23.53 36.96 50.39
Construction Live Load 26.12 -10.97 -8.88 -6.79 -4.70 -2.61 -0.52 1.57 3.66 5.75 7.84
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight -329.22 -177.60 -52.35 46.52 119.01 165.12 184.85 178.20 145.18 85.78 0.00
Concrete Deck -1434.67 -773.93 -228.13 202.71 518.60 719.54 805.53 776.57 632.67 373.81 0.00
Concrete Haunch -12.08 -6.52 -1.92 1.71 4.37 6.06 6.78 6.54 5.33 3.15 0.00
Stay-in-Place Forms -22.65 -12.22 -3.60 3.20 8.19 11.36 12.72 12.26 9.99 5.90 0.00
Miscellaneous -45.31 -24.44 -7.20 6.40 16.38 22.72 25.44 24.52 19.98 11.80 0.00
Total DC -1843.93 -994.70 -293.21 260.53 666.54 924.80 1035.32 998.10 813.14 480.44 0.00!
Construction Live Load -287.06 -154.90 -45.73 40.45 103.64 143.85 161.06 155.28 126.51 74.75 0.00!
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4.2 SERVICE STAGE (COMPOSITE)

4.2.1 DEAD LOAD (DC) 4.2.2 DEAD LOAD WEARING SURFACE (DW)

Rail Barriers= 0.39 kip/ft/Barrier Future Wearing Surface= 0.035 kip/ftz (Common Value used see FHWA examples)
Distributed Loads Distributed Loads

Rail Barriers*= 0.16 kip/ft Future Wearing Surface= 0.333 kip/ft Distribution is made proportionally to the afferent width
Total DC= 0.16 kip/ft Total DW= 0.33 kip/ft

*Distributed equally to every beam

4.2.3 LIVE LOAD (LL) - (According to AASHTO 3.6.1.2)

Live load is composed by the following:

i) Design Truck or design Tandem (pair of 25kips axles spaced 4ft apart) The extreme force effect shall be taken as the larger of the following:

1) The effect of the design tandem combined with the effect of the
design lane load, or

1) The effect of one design truck with the variable axle spacing specified
in Article 3.6.1.2.2, combined with the effect of the design lane load,
and

11) For negative moment between points of contraflexure under a
uniform load on all spans, and reaction at interior piers only, 90 percent
of the effect of two design trucks spaced a minimum of 50.0 ft between
ii) Design lane load (The design lane load shall consist of a load of 0.64 kif the lead axle of one truck and the rear axle of the other truck, combined

T
B8.0KIP 320 KIP 320 kP
I w0 ot 1o s0me)

uniformly distributed in the longitudinal direction. Transversely, the with 90 percent of the effect of the design lane load. The distance
design lane load shall be assumed to be uniformly distributed over a between the 32.0-kip axles of each truck shall be taken as 14.0 ft
10.0-ft width.)
Dyn Load Allowance (IM)= 33% AASTO Table 3.6.2.1-1
Dyn Load Allowance Fatigue (IM)= 15% AASTO Table 3.6.2.1-1
a) LOAD DISTRIBUTION FACTORS
Multiple Presence Factor= 1.00 2 Lanes
Skew= 0° SECTION ‘eg KIZ
e, (Dist CG Beam and CG deck) (in) (in%)
K; (Longitudinal Stiffness Parameter) SECTION 1 30.50 5.50E+05
SECTION 2 30.88 6.89E+05
Ky =n(1+des?) SECTION 3 32.13 1.19E+06
Moment (See AASHTO Table 4.6.2.2.2b-1) 0.4 03 01
r=1-c,(tan )15 mgup®! = 0.06 + (15_4) G) (121231:53) One Lane Loaded mgy’S' = rmy,®
025 05 0.6 02 0.1
¢ =025 (1212‘23) (;) mgup™ = 0.075 + (%) (%) (1212—“153) Multiple Lane Loaded ~ mgy™' = 1 my,M!
SECTION o . mgMSI mgMMI gMSI Fatigue
SPAN 1 SPAN 2 SPAN 1 SPAN 2 SPAN 1 SPAN 2
SECTION 1 0.00 1.00 0.47 0.47 0.69 0.69 0.39 0.39
SECTION 2 0.00 1.00 0.48 0.48 0.70 0.70 0.40 0.40
SECTION 3 0.00 1.00 0.50 0.50 0.74 0.74 0.42 0.42
Shear (See AASHTO Table 4.6.2.2.3a-1) S
mgyy™ = 0.36 + 2E One Lane Loaded mgySt = rmy,S
(12Lt53)0‘3
r=10+020{—— tan 6 2.0
Ky SI_ S S . SI— s
mgy,> = 0.20 + - (ﬁ) Multiple Lane Loaded ~ ™3v T Mmyp
SPAN R mgvsl mgvM' EVSI Fatigue
SECTION 1 1.00 0.74 0.92 0.62
SECTION 2 1.00 0.74 0.92 0.62
SECTION 3 1.00 0.74 0.92 0.62
SPAN 1
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT SECTION 1 | SECTION 1 | SECTION 1 | SECTION1 | SECTION1 | SECTION 1 | SECTION 1 | SECTION 2 | SECTION 2 | SECTION 2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) -6.60 -4.84 -3.08 -1.32 0.44 2.20 3.96 5.72 7.48 9.24 21.99
DW (Future Wearing Sur) -13.62 -9.99 -6.36 -2.73 0.90 4.53 8.16 11.79 15.42 19.05 45.37
Lane -26.41 -19.37 -12.33 -5.29 1.75 8.79 15.83 22.87 29.91 36.95 43.99
Lane Max -30.81 -23.77 -16.73 -9.69 -2.65 4.40 11.44 18.48 25.52 32.56 39.60
Lane Min 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.40
Truck max 6.66 6.94 10.86 19.07 27.63 35.85 43.62 50.85 57.42 63.22 68.16
Truck min -64.42 -55.58 -46.94 -38.61 -30.70 -23.31 -16.54 -10.50 -5.50 -1.95 43.99
Tandem max 4.77 5.31 11.27 17.30 23.12 28.65 33.83 38.57 42.81 46.47 49.48
Tandem min -48.86 -42.65 -36.52 -30.56 -24.84 -19.43 -14.40 -9.83 -5.80 -2.36 68.16
90% 2 Trucks max 6.08 6.32 9.85 17.55 26.31 35.29 43.85 51.36 57.62 66.27 77.81
90% 2 Trucks min -66.91 -54.61 -43.78 -34.96 -27.63 -20.98 -14.88 -9.45 -4.95 -1.75 49.48
90% Lane -23.77 -17.43 -11.10 -4.76 1.58 7.91 14.25 20.58 26.92 33.26 79.18
Fatigue Truck max 6.20 6.36 8.65 13.87 20.75 28.95 37.01 44.61 51.64 57.99 63.57
Fatigue Truck min -57.38 -48.79 -40.47 -32.56 -25.14 -18.33 -12.31 -7.77 -4.46 -1.87 0.00
LL + IM (Positive ) 12.17 12.50 17.79 27.32 37.77 51.84 67.79 83.07 97.56 111.11 123.61
LL + IM (Negative ) -107.14 -89.68 -72.67 -56.03 -39.91 -24.42 -16.16 -8.79 -3.04 1.15 57.74/
LL+IM 107.14/ 89.68 72.67 56.03 39.91 51.84 67.79 83.07 97.56 111.11 123.61
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Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

UNFACTORED MOMENTS (Kips-ft)
LOAD COMPONENT LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) 0.00 62.96 106.55 130.79 135.67 121.19 87.34 34.14 -38.42 -130.35 -241.63
DW (Future Wearing Sur) 0.00 129.83 219.72 269.69 279.73 249.84 180.01 70.26 -79.42 -269.03 -498.58
Lane 0.00 251.79 426.13 523.04 542.51 484.53 349.12 136.26 -154.03 -521.76 -966.94
Lane Max 0.00 300.13 522.83 668.08 735.89 726.27 639.20 474.69 232.75 -86.64 -483.47
Lane Min 0.00 -48.35 -96.69 -145.04 -193.39 -241.73 -290.08 -338.43 -386.77 -435.12 -483.47
Truck max 0.27 604.32 1020.49 1265.66 1366.46 1340.35 1203.04 948.37 603.22 211.90 0.13
Truck min 0.00 -73.31 -146.62 -219.92 -293.23 -366.54 -439.85 -513.15 -586.46 -659.77 -733.08
Tandem max 0.21 464.11 794.70 997.33 1080.65 1062.36, 956.57 771.33 526.72 246.26 0.10
Tandem min 0.00 -52.50 -105.01 -157.51 -210.02 -262.52 -315.03 -367.53 -420.03 -472.54 -525.04
90% 2 Trucks max 0.24 591.67 952.48 1157.58 1235.15 1206.32 1088.08 867.66 546.17 190.71 0.12
90% 2 Trucks min 0.00 -66.83 -133.66 -200.50 -267.33 -334.16 -400.99 -467.83 -534.66 74249 -1282.62)
90% Lane 0.00 226.61 383.52 470.74 488.26 436.08 314.21 122.64 -138.63 -469.59 -870.24
Fatigue Truck max 0.27 529.83 884.30 1098.58 1166.13 1136.98) 1035.20 813.49 488.32 193.28 0.13
Fatigue Truck min 0.00 -68.20 -136.39 -204.59 -272.78 -340.98 -409.17 -477.37 -545.57 -613.76 -681.96
LL + IM (Positive Moment) 0.24 758.33 1291.55 1615.34 1754.02 1723.56 1538.29 1216.86 725.50 168.85 -355.83
LL + IM (Negative I ) 0.00 94.61 141.34 140.19 91.17 -5.74 -162.04 -382.88 -654.70]  -1021.35]  -1896.70
SPAN 2
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT SECTION 3 | SECTION 2 | SECTION 2 | SECTION 2 | SECTION 1 | SECTION 1 | SECTION 1 [ SECTION 1 | SECTION 1 | SECTION 1 [ SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) 21.99 -9.24 -7.48 -5.72 -3.96 -2.20 -0.44 1.32 3.08 4.84 6.60
DW (Future Wearing Sur) 45.37 -19.05 -15.42 -11.79 -8.16 -4.53 -0.90 2.73 6.36 9.99 13.62
Lane -43.99 -36.95 -29.91 -22.87 -15.83 -8.79 -1.75 5.29 12.33 19.37 26.41
Lane Max -4.40 -4.40 -4.40 -4.40 -4.40 -4.40 -4.40 -4.40 -4.40 -4.40 -4.40
Lane Min -39.60 -32.56 -25.52 -18.48 -11.44 -4.40 2.65 9.69 16.73 23.77 30.81
Truck max 0.00 1.95 5.50 10.50 16.54 2331 30.70 38.61 46.94 55.58 64.42
Truck min -68.16 -63.22 57.42 -50.85 -43.62 -35.85 -27.63 -19.07 -10.86 -6.94 -6.66
Tandem max 0.00 2.36 5.80 9.83 14.40 19.43 24.84 30.56, 36.52 42.65 48.86
Tandem min -49.48 -46.47 -42.81 -38.57 -33.83 -28.65 -23.12 -17.30 -11.27 5.31 -4.77
90% 2 Trucks max 0.00 175 4.95 9.45 14.88 20.98 27.63 34.96) 43.78 54.61 66.91
90% 2 Trucks min -77.81 -66.27 -57.62 51.36 -43.85 -35.29 -26.31 -17.55 -9.85 -6.32 -6.08
90% Lane 79.18 -33.26 -26.92 -20.58 -14.25 -7.91 -1.58 4.76 11.10 17.43 23.77
Fatigue Truck max 0.00 1.87 4.46 7.77 12.31 18.33 25.14 32.56, 40.47 48.79 57.38
Fatigue Truck min -63.57 -57.99 -51.64 -44.61 -37.01 -28.95 -20.75 -13.87 -8.65 -6.36 -6.20
LL + IM (Positive Moment) -4.03 -1.15 3.04 8.79 16.16 24.42 39.91 56.03, 72.67 89.68 106.93
LL + IM (Negative ) -127.71 -111.44 -97.56 -83.07 -67.79 -51.84 -37.77 -27.32 -17.79 -12.50 -12.17
LL+IM 127.71 111.44 97.56 83.07 67.79 51.84 39.91 56.03] 72.67 89.68 106.93
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
DC (Barriers) -241.63 -130.35 -38.42 34.14 87.34 121.19 135.67 130.79 106.55 62.96 0.00
DW (Future Wearing Sur) -498.58 -269.03 -79.42 70.26 180.01 249.84 279.73 269.69 219.72 129.83 0.00
Lane -966.94 -521.76 -154.03 136.26 349.12 484.53 542.51 523.04 426.13 251.79 0.00
Lane Max -483.47 -435.12 -386.77 -338.43 -290.08 -241.73 -193.39 -145.04 -96.69 -48.35 0.00
Lane Min -483.47 -86.64 232.75 474.69 639.20 726.27 735.89 668.08 522.83 300.13 0.00
Truck max 0.13 211.90 603.22 948.37 1203.04 134035 1366.46 1265.66) 1020.49 604.32 0.27
Truck min -733.08 -659.77 -586.46 -513.15 -439.85 -366.54 -293.23 -219.92 -146.62 -73.31 0.00
Tandem max 0.10 246.26 526.72 771.33 956.57 1062.36] 1080.65 997.33 794.70 464.11 0.21
Tandem min -525.04 -472.54 -420.03 -367.53 -315.03 -262.52 -210.02 -157.51 -105.01 -52.50 0.00
90% 2 Trucks max 0.12 190.71 546.17 867.66 1088.08 1206.32 1235.15 1157.58) 952.48 591.67 0.24
90% 2 Trucks min -1282.62 -742.49 -534.66 -467.83 -400.99 -334.16 -267.33 -200.50 -133.66 -66.83 0.00
90% Lane -870.24 -469.59 -138.63 122.64 314.21 436.08 488.26 470.74 383.52 226.61 0.00
Fatigue Truck max 0.13 193.28 488.32 813.49 1035.20 1136.98 1166.13 1098.58) 884.30 529.83 0.27
Fatigue Truck min -681.96 -613.76 -545.57 -477.37 -409.17 -340.98 -272.78 -204.59 -136.39 -68.20 0.00
LL + IM (Positive Moment) -355.83 168.85 725.50 1216.86 1538.29 1723.56 1754.02 1615.34 1291.55 758.33 0.24
LL + IM (Negative ) -1896.70]  -1021.35 -817.84 -715.61 -601.15 -500.96 -400.77 -300.57 -200.38 -100.19 0.00
4.3 FATIGUE AND FRACTURE (COMPOSITE)
SPAN 1
UNFACTORED SHEARS (Kips)
LOAD COMPONENT LOCATION
oo. [ om [ o2 [ o3t | o4 [ os5. | o6L [ o7 [ o8 | oo [ 1oL
LL+IM 45.09] 39.10] 34.84| 32.92| 32.54] 33.53] 34.98] 37.15] 39.79| 42.46] 45.08
UNFACTORED MOMENTS (Kips-ft)
LOAD COMPONENT LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Truck max 0.12 238.75 398.48 495.03 525.47 512.34 466.48 373.87 224.43 88.83 0.06
Truck min 0.00 -30.73 -61.46 -92.19 -122.92 -153.65 -184.38 -219.40 -250.74 -282.08 -328.89
LL+IM 0.12 269.48 459.94 587.22 648.39 665.99 650.85 593.27 475.17 370.91 328.95
90f26
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Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
UNFACTORED SHEARS (Kips)
LOCATION
LOAD COMPONENT oo. [ o1 [ o2 [ o3 | o4 [ o5. | o6L | o7. [ o8 | o9 [ 10L
LL+IM 45.08| 42.46] 39.79| 37.15] 34.98| 33.53| 32.54| 32.92| 34.84] 39.10| 45.09
UNFACTORED MOMENTS (Kips-ft)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Truck max 0.06 88.83 224.43 373.87 466.48 51234 525.47 495.03 398.48 238.75 0.12
Truck min -328.89) -282.08 -250.74 -219.40 -184.38 -153.65 -122.92 -92.19 -61.46 -30.73 0.00
LL+IM 328.95] 370.91 475.17 593.27 650.85 665.99 648.39 587.22 459.94 269.48 0.12
5. LOAD COMBINATIONS
COMBINATION Type TOADICASES
DC bw LL M BR ws wL FR U TG ic
strength | |M2X 1.25 1.50 1.75 1.75 175 - - 1.00 1.20 - -
Min 0.90 0.65 1.75 1.75 175 - - 1.00 0.50 - -
strength il |M2X 1.25 1.50 - - - 1.40 - 1.00 1.20 - -
Min 0.90 0.65 - - - 1.40 - 1.00 0.50 - -
Strength IV M.ax 1.50 1.50 2 2 e e 2 e 2 e 2
Min 0.90 0.90 - - - - - - - - -
Max 1.25 1.50 135 135 135 0.40 1.00 1.00 1.20 - -
Strength V -
Min 0.90 0.65 135 135 135 - 1.00 1.00 0.50 - -
Extreme |Max 1.25 1.50 0.50 0.50 0.50 - - 1.00 - - 1.00
Eventll  [Min 0.90 0.65 0.50 0.50 0.50 - - 1.00 - - 1.00
Service | |Max 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00 0.50 -
Min 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.20 0.50 -
Service !l [Max 1.00 1.00 1.30 1.30 1.30 - - 1.00 1.00 0.50 -
Min 1.00 1.00 1.30 1.30 1.30 - - 1.00 1.20 0.50 -
Fatigue | - - 1.50 1.50 1.50 - - - - - -
Fatigue Il - - 0.75 0.75 0.75 - - - - - -
6. COMBINED LOAD EFFECTS
6.1 CONTRUCTABILITY
6.1.1 Combined Shear and N
SPAN 1
COMBINED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.11 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max -76.71 -56.26 -35.82 -15.37 5.08 25.52 45.97 66.41 86.86 107.31 255.51
Strength | Min -59.07 -43.33 -27.58 -11.84 3.91 19.65 35.40 51.15 66.89 82.64 196.76,
Service Il Max -60.58] -44.44 -28.29 -12.14 4.01 20.16 36.30 52.45 68.60 84.75 201.79
Service Il Min -60.58] -44.44 -28.29 -12.14 4.01 20.16 36.30 52.45 68.60 84.75 201.79
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max 0.00 731.36 1237.82 1519.36 1576.00 1407.73 1014.55 396.46 -446.54]  -1514.44]  -2807.26]
Strength | Min 0.00 563.21 953.22 1170.03 1213.64 1084.05 781.26 305.27 -343.91] 116630  -2161.89
Service Il Max 0.00 577.62 977.60 1199.96 1244.70 1111.80 801.27 313.12 -352.66]  -1196.07]  -2217.10
Service Il Min 0.00 577.62 977.60 1199.96 1244.70 1111.80 801.27 313.12 -352.66]  -1196.07]  -2217.10)
SPAN 2
COMBINED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.11 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max 255.51 -107.31 -86.86 -66.41 -45.97 -25.52 -5.08 15.37 35.82 56.26 76.71
Strength | Min 196.76, -82.64 -66.89 -51.15 -35.40 -19.65 -3.91 11.84) 27.58 43.33 59.07
Service Il Max 201.79 -84.75 -68.60 -52.45 -36.30 -20.16] -4.01 12.14) 28.29 44.44 60.58
Service Il Min 201.79 -84.75 -68.60 -52.45 -36.30 -20.16] -4.01 12.14) 28.29 44.44 60.58
COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION
LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max -2807.26]  -1514.44 -446.54 396.46 1014.55 1407.73 1576.00 1519.36 1237.82 731.36 0.00
Strength | Min -2161.89]  -1166.30 -343.91 305.27 781.26 1084.05 1213.64 1170.03 953.22 563.21 0.00
Service Il Max -2217.10(  -1196.07 -352.66 313.12 801.27 1111.80 1244.70 1199.96 977.60 577.62 0.00
Service Il Min -2217.10  -1196.07 -352.66 313.12 801.27 1111.80 1244.70 1199.96 977.60 577.62 0.00
6.1.2 Design Shear and Moments
SPAN 1
LOCATION
LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Shear (kips) 76.71 56.26 35.82 15.37 5.08 25.52 45.97 66.41 86.86 107.31 255.51
Strength | [+M (Kip-ft) 0.00 731.36 1237.82 1519.36 1576.00 1407.73 1014.55 396.46 34391 1166.30 2161.89)
-M (kip-ft) 0.00 563.21 953.22 1170.03 1213.64 1084.05 781.26 305.27 446.54 1514.44 2807.26,
Shear (kips) 60.58 44.44 28.29 12.14 4.01 20.16 36.30 52.45 68.60 84.75 201.79
Service Il [+M (kip-ft) 0.00 577.62 977.60 1199.96 1244.70 1111.80 801.27 313.12 352.66 1196.07 2217.10
-M (kip-ft) 0.00 577.62 977.60 1199.96 1244.70 1111.80 801.27 313.12 352.66 1196.07 2217.10
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Superstructure Design
Steel Plate Girder

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
LOCATION
LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Shear (kips) 255.51 107.31 86.86 66.41 45.97 25.52 5.08 15.37 35.82 56.26 76.71
Strength | [+M (kip-ft) 2161.89 1166.30 343.91 396.46 1014.55 1407.73 1576.00 1519.36 1237.82 731.36 0.00
-M (kip-ft) 2807.26 1514.44 446.54 305.27 781.26 1084.05 1213.64 1170.03 953.22 563.21 0.00
Shear (kips) 201.79 84.75 68.60 52.45 36.30 20.16 4.01 12.14 28.29 44.44 60.58
Service Il [+M (kip-ft) 2217.10 1196.07 352.66 313.12 801.27 1111.80 1244.70 1199.96 977.60 577.62 0.00
-M (kip-ft) 2217.10 1196.07 352.66 313.12 801.27 1111.80 1244.70 1199.96 977.60 577.62 0.00
Constructability Envelopes
2000.00
1500.00 ——
1000.00 +——Amer— T~ \
500.00
£ 000 ! ! ! \ ! ! / ! ! ! {
£ 50000020 20,00 40,00 60,00 80.0\100.00 120.0%10.00 160.00 | | 180.00 | | 200.00 | 220.00 || 240.00
= \ —&—Strength | Max
§ -1000.00
g “ !/ —8—Service Il Max
S -1500.00
-2000.00 \\V/ /
-2500.00 \ /
-3000.00
-3500.00
Station (ft)
6.2 COMPOSITE SECTION (OPERATION)
6.2.1 Combined Shear and N
SPAN 1
COMBINED LOADS - SHEARS (Kips)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 279.17 224.17 169.97 116.43 75.91 121.21 173.57 224.75 274.53 322.68 521.65
Strength | Min -M 247.65 201.05 155.25 110.11 73.82 110.72 154.67 197.45 238.83 278.58 416.65
Strength Il Max +M -91.67 -67.24 -42.80 -18.37 6.07 30.50 54.93 79.37 103.80 128.23 305.34
Strength 11l Min +M -60.15 -44.12 -28.08 -12.05 3.98 20.01 36.04 52.07 68.10 84.14 200.33
Strength V Max +M 236.31 188.30 140.90 94.01 59.94 100.48! 146.45 191.52 235.50 278.24 472.20
Strength V Min +M 204.79 165.18 126.18 87.70 57.86 89.99 127.56 164.22 199.81 234.14 367.20
Extreme Event Il Max +M 145.24] 112.07 79.13 46.39 26.02 56.42 88.83 120.90:! 152.58 183.79 367.14
Extreme Event Il Min +M 113.72 88.95 64.42 40.07 23.93 45.93 69.94 93.61 116.88 139.69 262.14
Service | Max +M 177.76 141.47 105.64 70.18 44.58 75.33 110.10 144.21 177.51 209.89 358.80
Service | Min +M 177.76 141.47 105.64 70.18 44.58 75.33 110.10 144.21 177.51 209.89 358.80
Service Il Max +M 209.90 168.37 127.44 86.99 56.55 90.88 130.44 169.13 206.78 243.22 395.88
Service Il Min +M 209.90 168.37 127.44 86.99 56.55 90.88 130.44 169.13 206.78 243.22 395.88
Fatigue Il 33.82 29.33 26.13 24.69 24.41 25.15 26.23 27.86 29.84 31.84 33.81
COMBINED LOADS - MOMENTS (Kips-ft)
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 0.43 2201.07 3739.43 4642.50 4952.87 4698.46 3904.38 2603.24 735.96 -1514.37 -3977.50
Strength | Min +M 0.43 1900.52 3230.77 4018.15 4305.26 4120.00 3487.51 2440.39 919.54 -891.92]  -2823.77
Strength | Max -M 0.00 1039.56 1726.55 2060.99 2042.87 1672.19 928.80 -196.30 -1679.40 -3597.22 -6674.02
Strength | Min -M 0.00 739.01 1217.89 1436.64 1395.26 1093.74 511.93 -359.16]  -1495.82]  -2974.78]  -5520.29
Strength Il Max +M 0.00 873.99 1479.21 1815.66 1883.33 1682.24 1212.37 473.73 -533.67 -1809.86 -3354.81
Strength 11l Min +M 0.00 573.45 970.55 1191.30 1235.72 1103.78 795.50 310.88 -350.09]  -1187.41]  -2201.07
Strength V Max +M 0.33 1897.73 3222.81 3996.37 4251.26 4009.04 3289.06 2116.50 445.75 -1581.91 -3835.17
Strength V Min +M 0.33 1597.19 2714.15 3372.02 3603.65 3430.58 2872.19 1953.64 629.33 959.46]  -2681.44
Strength V Max -M 0.00 1001.71 1670.02 2004.92 2006.41 1674.49 993.62 -43.15 -1417.52 -3188.68 -5915.35
Strength V Min -M 0.00 701.17 1161.36 1380.56 1358.79 1096.03 576.75 -206.01]  -1233.94]  -2566.24]  -4761.61
Extreme Event Il Max +M 0.12 1253.15 2124.99 2623.33 2760.34 2544.02 1981.52 1082.17 -170.92 -1725.43 -3532.72
Extreme Event Il Min +M 0.12 952.61 1616.33 1998.98 2112.73 1965.56 1564.65 919.31 12.66]  -1102.99]  -2378.99
Extreme Event Il Max -M 0.00 921.30 1549.88 1885.75 1928.92 1679.37 1131.35 282.30 -861.02 -2320.53 -4303.15
Extreme Event Il Min -M 0.00 620.75 1041.22 1261.40 1281.30 1100.91 714.48 119.44 677.44]  -1698.09]  -3149.42
Service | Max +M 0.24 1431.56 2430.98 3013.93 3204.74 3019.38 2472.18 1581.80 314.45 -1225.23 -2939.96
Service | Min +M 0.24 1431.56 2430.98 3013.93 3204.74 3019.38 247218 1581.80 314.45]  -1225.23]  -2939.96
Service | Max -M 0.00 767.84 1280.76 1538.78 1541.89 1290.08 771.86 -17.94 -1065.76 -2415.43 -4480.83
Service | Min -M 0.00 796.22 1323.16 1580.84 1569.24 1288.36 723.24 -132.81]  -1262.17]  -2721.84]  -5049.83
Service Il Max +M 0.32 1659.05 2818.44 3498.53 3730.95 3536.44 2933.67 1946.86 532.10 -1174.57 -3046.70
Service Il Min +M 0.32 1659.05 2818.44 3498.53 3730.95 3536.44 2933.67 1946.86 532.10]  -117457]  -3046.70
Service Il Max -M 0.00 796.22 1323.16 1580.84 1569.24 1288.36 723.24 -132.81 -1262.17 -2721.84 -5049.83
Service Il Min -M 0.00 796.22 1323.16 1580.84 1569.24 1288.36 723.24 -132.81]  -1262.17]  -2721.84]  -5049.83
Fatigue | 0.18 404.22 689.90 880.83 972.59 998.98 976.28 889.90 712.75 556.37 493.43
Fatigue Il 0.09 202.11 344.95 440.42 486.29 499.49 488.14 444.95 356.38 278.18 246.72
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Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
COMBINED LOADS - SHEARS (Kips)
LOCATION

LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 528.83 323.25 274.53 224.75 17357 121.21 75.91 116.43 169.97 224.17] 278.79
Strength | Min -M 423.83 279.16 238.83 197.45 154.67 110.72 73.82 110.11 155.25 201.05 247.27]
Strength Il Max +M 305.34] -128.23 -103.80 -79.37 54.93 -30.50 -6.07 18.37 42.80 67.24) 91.67
Strength Il Min +M 200.33 -84.14 -68.10 52.07 -36.04 -20.01 -3.98 12.05 28.08 44.12 60.15
Strength V Max +M 477.75 278.68 235.50 191.52 146.45 100.48 59.94 94.01 140.90 188.30 236.02
Strength V Min +M 372.74) 234.58 199.81 164.22 127.56 89.99 57.86 87.70 126.18 165.18 204.50)
Extreme Event Il Max +M 369.19 183.95 152,58 120.90 88.83 56.42 26.02 46.39 79.13 112.07 145.13
Extreme Event Il Min +M 264.19 139.86 116.88 93.61 69.94 45.93 23.93 40.07 64.42 88.95 113.61
Service | Max +M 362.91 210.22 177.51 144.21 110.10 75.33 44.58 70.18 105.64 141.47 177.54
Service | Min +M 362.91 210.22 177.51 144.21 110.10 75.33 44.58 70.18 105.64 141.47 177.54
Service Il Max +M 401.22 243.65 206.78 169.13 130.44 90.88 56.55 86.99 127.44 168.37 209.62
Service Il Min +M 401.22 243.65 206.78 169.13 130.44 90.88 56.55 86.99 127.44 168.37 209.62
Fatigue Il 33.81 31.84 29.84 27.86 26.23 25.15 24.41 24.69 26.13 29.33 33.82

COMBINED LOADS - MOMENTS (Kips-ft)
LOCATION

LOAD COMBINATION 0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Strength | Max +M 397750  -1514.37 735.96 2603.24 3904.38 4698.46) 4952.87 4642.50) 3739.43 2201.07 0.43
Strength | Min +M -2823.77 -891.92 919.54 2440.39 3487.51 4120.00) 4305.26 4018.15 3230.77 1900.52 0.43
Strength | Max -M 6674.02]  -3597.22 -1964.90 -778.59 160.36 805.56) 1181.99 1289.65 1128.54 698.66) 0.00
Strength | Min -M 5520.29]  -2974.78 -1781.32 -941.45 -256.51 227.11 534.38 665.30) 619.88 398.11 0.00)
Strength Il Max +M 3354.81]  -1809.86 -533.67 473.73 121237 1682.24 1883.33 1815.66 1479.21 873.99 0.00
Strength Il Min +M 2201.07]  -1187.41 -350.09 310.88 795.50 1103.78 1235.72 1191.30 970.55 573.45 0.00)
Strength V Max +M 3835.17]  -1581.91 445.75 2116.50 3289.06 4009.04) 4251.26 3996.37 3222.81 1897.73 0.33
Strength V Min +M -2681.44 -959.46 629.33 1953.64 2872.19 3430.58 3603.65 3372.02 2714.15 1597.19 0.33
Strength V Max -M 5915.35]  -3188.68 -1637.76 -492.34 400.82 1005.95 1342.30 1409.88 1208.69 738.73 0.00
Strength V Min -M -4761.61]  -2566.24 -1454.18 -655.20 -16.05 427.49 694.68 785.53 700.03 438.19 0.00)
Extreme Event Il Max +M 3532.72] -1725.43 -170.92 1082.17 1981.52 2544.02 2760.34 2623.33 2124.99 1253.15 0.12
Extreme Event Il Min +M -2378.99]  -1102.99 12.66 919.31 1564.65 1965.56 2112.73 1998.98 1616.33 952.61 0.12
Extreme Event Il Max -M -4303.15]  -232053 -942.60 115.93 911.80 1431.76 1682.95 1665.37 1379.02 823.89 0.00
Extreme Event Il Min -M -3149.42]  -1698.09 -759.02 -46.93 494.93 853.30) 1035.33 1041.02 870.36 523.35 0.00)
Service | Max +M 2939.96]  -1225.23 314.45 1581.80 2472.18 3019.38 3204.74 3013.93 2430.98 1431.56 0.24)
Service | Min +M -2939.96]  -1225.23 314.45 1581.80 2472.18 3019.38 3204.74 3013.93 2430.98 1431.56 0.24]
Service | Max -M -4480.83]  -2415.43 -1228.90 -350.68 332.75 794.87] 1049.95 1098.01 939.04 573.04) 0.00
Service | Min -M -4480.83]  -2415.43 -1228.90 -350.68 332.75 794.87] 1049.95 1098.01 939.04 573.04 0.00)
Service Il Max +M 3046.70]  -1174.57 532.10 1946.86 2933.67 3536.44 3730.95 3498.53 2818.44 1659.05 0.32
Service Il Min +M 3046.70]  -1174.57 532.10 1946.86 2933.67 3536.44 3730.95 3498.53 2818.44 1659.05 0.32
Service Il Max -M 5049.83]  -2721.84 -1474.25 -565.36 152.40 644.58] 929.73 1007.84 878.92 542.98] 0.00
Service Il Min -M 5049.83]  -2721.84 -1474.25 -565.36 152.40 644.58] 929.73 1007.84 878.92 542.98] 0.00)
Fatigue | 493.43 556.37 712.75 889.90 976.28 998.98] 972.59 880.83 689.90 404.22 0.18
Fatigue II 246.72 278.18 356.38 444.95 488.14 499.49 486.29 440.42 344.95 202.11 0.09

Strength Limit State Envelopes

6000.00

200000 Pl mrmn, ATl

= «4=Strength | Max +M
8
= 0.00 P | =l=Strength | Max -M
= 0. 250.00
E 12000.00 Strength Ill Max +M
g =>é=Strength V Max +M
-4000.00 === Strength V Max -M
-6000.00 U/
-8000.00
Station (ft)

Service Limit State Envelopes

5000.00
4000.00
3000.00
2000.00
1000.00
0.00 T
-1000.000:00 50.00
-2000.00
-3000.00
-4000.00
-5000.00
-6000.00

—4—Service | Max +M

~—Service | Max -M

Service Il Max +M

Moment (kip-ft)

==Service Il Max -M

Station (ft)
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Superstructure Design
Steel Plate Girder

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Fatigue Limit State (range)
1200.00
1000.00 == ——
2
£ 600.00
g V ==4=Fatigue |
§ 400.00 - I S E— ~fli-Fatigue Il
200.00 - \'\l/
0.00 T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00
Station (ft)
6.2.2 Design Shear and Moments
For FATIGUE Stress Range for Both - Positive and Negative
SPAN 1
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Shear (kips) 279.17 224.17 169.97 116.43 75.91 121.21 173.57 224.75 274.53 322.68 521.65
Strength | |+M (kip-ft) 0.43 2201.07 3739.43 4642.50 4952.87 4698.46 3904.38 2603.24 919.54 891.92 2823.77
-M (kip-ft) 0.00 739.01 1217.89 1436.64 1395.26 1093.74 511.93 359.16 1679.40 3597.22 6674.02
Shear (kips) 91.67 67.24 42.80 18.37 6.07 30.50! 54.93 79.37 103.80 128.23 305.34
Strength Il |+M (kip-ft) 0.00 873.99 1479.21 1815.66 1883.33 1682.24 1212.37 473.73 350.09 1187.41 2201.07,
-M (kip-ft) 0.00 573.45 970.55 1191.30 1235.72 1103.78 795.50 310.88 533.67 1809.86! 3354.81
Shear (kips) 236.31 188.30 140.90 94.01 59.94 100.48] 146.45 191.52 235.50 278.24 472.20
Strength V [+M (kip-ft) 0.33 1897.73 3222.81 3996.37 4251.26 4009.04 3289.06 2116.50 629.33 959.46 2681.44
-M (kip-ft) 0.00 701.17 1161.36 1380.56 1358.79 1096.03 576.75 206.01 1417.52 3188.68 5915.35
Extreme Shear (kips) 145.24 112.07 79.13 46.39 26.02 56.42 88.83 120.90 152.58 183.79 367.14
Event Il +M (kip-ft) 0.12 1253.15 2124.99 2623.33 2760.34 2544.02 1981.52 1082.17 12.66 1102.99 2378.99
-M (kip-ft) 0.00 620.75 1041.22 1261.40 1281.30 1100.91 714.48 119.44 861.02 2320.53 4303.15
Shear (kips) 177.76! 141.47 105.64 70.18 44.58 75.33 110.10 144.21 177.51 209.89 358.80
Service |  [+M (kip-ft) 0.24! 1431.56 2430.98 3013.93 3204.74 3019.38 2472.18 1581.80! 314.45 1225.23 2939.96
-M (kip-ft) 0.00 767.84 1280.76 1538.78 1541.89 1288.36 723.24 132.81 1262.17 2721.84 5049.83
Shear (kips) 209.90 168.37 127.44 86.99 56.55 90.88 130.44 169.13 206.78 243.22 395.88
Service Il |+M (kip-ft) 0.32 1659.05 2818.44 3498.53 3730.95 3536.44 2933.67 1946.86 532.10 1174.57 3046.70
-M (kip-ft) 0.00 796.22 1323.16 1580.84 1569.24 1288.36! 723.24 132.81 1262.17 2721.84 5049.83
Shear (kips) |- - - - - - - - -
Fatigue |  [+M (kip-ft) 0.18 404.22 689.90 880.83 972.59 998.98 976.28 889.90 712.75 556.37 493.43
-M (kip-ft) - - - - - - - - -
Shear (kips) 33.82 29.33 26.13 24.69 24.41 25.15 26.23 27.86 29.84 31.84] 33.81
Fatigue Il |+M (kip-ft) 0.09 202.11 344.95 440.42 486.29 499.49 488.14 444.95 356.38 278.18 246.72
-M (kip-ft) - - - - - - - - -
For FATIGUE Stress Range for Both - Positive and Negative
SPAN 2
LOAD COMBINATION LOCATION
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Shear (kips) 528.83 323.25 274.53 224.75 173.57 121.21 75.91 116.43 169.97 224.17 278.79
Strength | |+M (kip-ft) 2823.77 891.92 919.54 2603.24 3904.38 4698.46 4952.87 4642.50 3739.43 2201.07 0.43
-M (kip-ft) 6674.02 3597.22 1964.90 941.45 256.51 227.11 534.38 665.30 619.88 398.11 0.00
Shear (kips) 305.34 128.23 103.80 79.37 54.93 30.50! 6.07 18.37 42.80 67.24/ 91.67
Strength Il |+M (kip-ft) 2201.07, 1187.41 350.09 473.73 1212.37 1682.24 1883.33 1815.66 1479.21 873.99 0.00
-M (kip-ft) 3354.81 1809.86 533.67 310.88 795.50 1103.78 1235.72 1191.30! 970.55 573.45 0.00
Shear (kips) 471.75 278.68 235.50 191.52 146.45 100.48] 59.94 94.01 140.90 188.30] 236.02
Strength V [+M (kip-ft) 2681.44 959.46 629.33 2116.50 3289.06 4009.04 4251.26 3996.37 3222.81 1897.73 0.33
-M (kip-ft) 5915.35 3188.68 1637.76 655.20 16.05 427.49 694.68 785.53 700.03 438.19 0.00
Extreme Shear (kips) 369.19 183.95 152.58 120.90 88.83 56.42 26.02 46.39 79.13 112.07 145.13
Event Il +M (kip-ft) 2378.99 1102.99 12.66 1082.17 1981.52 2544.02 2760.34 2623.33 2124.99 1253.15 0.12
-M (kip-ft) 4303.15 2320.53 942.60 46.93 494.93 853.30 1035.33 1041.02 870.36 523.35 0.00
Shear (kips) 362.91 210.22 177.51 144.21 110.10 75.33 44.58 70.18 105.64 141.47 177.54
Service |  [+M (kip-ft) 2939.96 1225.23 314.45 1581.80 2472.18 3019.38 3204.74 3013.93 2430.98 1431.56 0.24!
-M (kip-ft) 4480.83 2415.43 1228.90 350.68 332.75 794.87 1049.95 1098.01 939.04 573.04 0.00
Shear (kips) 401.22 243.65 206.78 169.13 130.44 90.88 56.55 86.99 127.44 168.37 209.62
Service Il |+M (kip-ft) 3046.70 1174.57 532.10 1946.86 2933.67 3536.44 3730.95 3498.53 2818.44 1659.05 0.32
-M (kip-ft) 5049.83 2721.84 1474.25 565.36 152.40 644.58 929.73 1007.84/ 878.92 542.98 0.00
Shear (kips) |- - - - - - - - -
Fatigue |  [+M (kip-ft) 493.43 556.37 712.75 889.90 976.28 998.98 972.59 880.83 689.90 404.22 0.18
-M (kip-ft) - - - - - - - - -
Shear (kips) 33.81 31.84 29.84 27.86 26.23 25.15 24.41 24.69 26.13 29.33 33.82
Fatigue Il |+M (kip-ft) 246.72 278.18 356.38 444.95 488.14 499.49 486.29 440.42 344.95 202.11 0.09
-M (kip-ft) - - - - - - - - -
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Superstructure Design APPENDIX

Steel Plate Girder

7. DESIGN OF THE STEEL BEAM
7.1 SECTION PROPORTIONS LIMITS (AASHTO 6.10.2)

B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Flanges:
b,
2t£ = 7.00 Top Flange Section 1 OK B < bf 2 = 8.67 in
by <120 T 5.09 Top Flange Section 2 oK 6 6
E - 2.67 Top Flange Section 3 oK b= 14.00 in Top Flange Section 1 oK
bg= 14.00 in Top Flange Section 2 OK
zbﬁ = 7.00 Bottom Flange Section 1 oK b= 14.00 in Top Flange Section 3 [o]4
t,
18 5.09 Bottom Flange Section 2 OK bg,= 14.00 in Bottom Flange Section 1 OK
2.67 Bottom Flange Section 3 OK bg,= 14.00 in Bottom Flange Section 2 OK
tr 2 11ty Lty = 0.55 in +mom b= 14.00 in Bottom Flange Section 3 oK
tr = 1.1¢,, 1.1ty = 0.55 in -mom
tr = 1.1t 1.1ty = 0.55 in -mom Iyc
- i ; 01< =— <10 Lyc _ i
Te= 1.00 in Top Flange Section 1 OK Iyt e 1.00 Section 1
IS 1.38 in Top Flange Section 2 OK ;yt
Te= 2.63 in Top Flange Section 3 OK Iy—c = 1.00 Section 2
t
T= 1.00 in Bottom Flange Section 1 OK Iy
Tp= 1.38 in Bottom Flange Section 2 OK Iy—c = 1.00 Section 3
t
T= 2.63 in Bottom Flange Section 3 OK 7
Web: Iyr= 228.67 in Top Flange Section 1
b D lyg= 228.67 in Top Flange Section 2
— <150 — . . )
tw ty = 104.00 Section 1 OK Iyr= 314.42 in Top Flange Section 1
105.50 Section 2 OK lyg= 314.42 in Top Flange Section 2
100.00 Section 3 OK lyg= 600.25 in Top Flange Section 3
lyg= 600.25 in Top Flange Section 3
7.2 SLENDER LIMITS FOR COMPRESSION ELEMENTS DUE TO FLEXURE
Flanges:
Limiting slenderness for a compact flange (6.10.8.2.2-4)
E ber .
7\p[ =0.38 |— = 9.15 7\fr = ETon = 7.00 Top Flange Section 1 COMPACT
Jye T 5.09 Top Flange Section 2 COMPACT
Limiting slenderness for a non-compact flange (6.10.8.2.2-5) 2.67 Top Flange Section 3 COMPACT
E brp .
)\rf =056 [— = 16.12 }‘IB =5 7.00 Bottom Flange Section 1 COMPACT
for /B 5.09 Bottom Flange Section 2 COMPACT
fyris the lesser of 0.7Fyc and Fyw but not less than 0.5Fyc, for 2.67 Bottom Flange Section 3 COMPACT
homogeneous sections, fyr is taken as 0.7fyc
7.3 CONSTRUCTABILITY DESIGN - NON COMPOSITE SECTION - (AASHTO 6.10.3.2)
7.3.1 FLEXURAL NOMINAL RESISTANCE
Discretely Braced Compression Flange? YES
7.3.1.1 Flange Nominal Yielding (6.10.3.2.1)
fou + fi S @fRnFyy  Discretely Braced
fi= 0.00 ksi
fou < O RuFyy Continuous Braced ORLFy= 50.00 ksi
7.3.1.2 Flexural Resistance (AASHTO 6.10.3.2.1, 6.10.1.6 and 6.10.8'
1
fou + gfz < @pFnc
fi < 0.6Fy;
Local Buckling Resistance (6.10.8.2.2) BOTTOM TOP
Fac = RpRuFye if Ar < My Fye= SECTION F,. (ksi) Foc (ksi) ®F, (ksi) Foc (ksi) ®F, (ksi) 0.6F¢(ksi) CHECK
SECTION 1 35.00 50.00 33.08 50.00 33.08 30.00 OK
K Ar =X
Fop = [1 _ (1 _ B )( r —or )] RoRuFye if A > oy SECTION 2 35.00 50.00 35.08 50.00 35.08 30.00] oK
RnFyc) \Arg — Aps SECTION 3 35.00 50.00 35.97 50.00 35.97 30.00 oK
Lateral Torsional Buckling Resistance (Rh and Rb are taken as 1.0 according to AASHTO 6.10.1.10)
Cp= 1.00 Fue = RoRpFye if Ly < Ly
Fypr \(Lp— Ly )
Fpe=Cpl1—(1—- RyRFye < RyRnFye if Ly <Ly <Ly
bre RnFye\Ly — Ly
Ly =101 [/— e = . CrRyr2E
Bye 12 (1 +1 Dctw) Fne = Fer < RpRpFye if Lp > Ly Fop = bLb—z
&
SECTION BOTTOM TOP
Ly (ft) r.(in) Ly (ft) L (ft) For (ksi) Foc (ksi) Ly (ft) r.(in) Ly (ft) L (ft) Fer (ksi) Frc (ksi)
SECTION 1 27.50 3.55 7.12 26.74 33.08 33.08 27.50 3.55 7.12 26.74 33.08 33.08
SECTION 2 27.50 3.66 7.35 27.61 35.29 35.08 27.50 3.66 7.35 27.61 35.29 35.08
SECTION 3 27.50 3.83 7.69 28.86 38.56 35.97 27.50 3.83 7.69 28.86 38.56 35.97
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Steel Plate Girder

7.3.1.3 Web Bend Buckling (AASHTO 6.10.1.9)
fbu < q)chrw

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Positive Top Bottom Negative
Longitudinal Stiffeners? SECTION k Ferwl(ksi) BF i ksi) Sx(inz) Sx(inz) k Ferwlksi) BF i ksi)
SECTION 1 38.94 50.00 50.00! 900.68 900.68 38.94 50.00! 50.00!
0.9Ek 9 SECTION 2 40.07 50.00 50.00 1160.89 1160.89 40.07 50.00 50.00
crw = ? = D, 2 SECTION 3 43.96 50.00 50.00! 2032.15 2032.15 43.96 50.00! 50.00!
@) ()
7.3.1.4 Summary
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) Positive 0.00 731.36 1237.82 1519.36 1576.00 1407.73 1014.55 396.46 352.66 1196.07 2217.10
Negative 0.00 577.62 977.60 1199.96 1244.70 1111.80! 801.27 313.12 446.54 1514.44 2807.26
s, (in%) Top 900.68 900.68 900.68 900.68 900.68 900.68 900.68 1160.89 1160.89 1160.89 2032.15
* Bottom 900.68 900.68 900.68 900.68 900.68 900.68 900.68 1160.89! 1160.89 1160.89! 2032.15
Top (Pos) 0.00 9.74 16.49 20.24 21.00 18.76 13.52 4.10 3.65 12.36 13.09
£ (ksi) Top (Neg) 0.00 7.70 13.02 15.99 16.58 14.81 10.68 3.24! 4.62 15.65 16.58
Bottom (Pos) 0.00 9.74 16.49 20.24 21.00 18.76 13.52 4.10 3.65 12.36 13.09
Bottom (Neg) 0.00 7.70 13.02 15.99 16.58 14.81 10.68 3.24! 4.62 15.65 16.58
fi (ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q,Rth,(ksi) 50.00! 50.00 50.00 50.00 50.00 50.00! 50.00 50.00! 50.00 50.00! 50.00!
CHECK (o] OK OK OK (o] 0K OK 0K OK 0K OK
BF . (ksi) Top 33.08 33.08 33.08 33.08 33.08 33.08 33.08 35.08 35.08 35.08 35.97
Bottom 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK Top OK OK OK OK OK OK OK OK OK OK OK
Bottom 0K OK OK OK 0K 0K OK 0K OK 0K OK
BF o, (ki) Top 50.00! 50.00 50.00 50.00 50.00 50.00! 50.00 50.00! 50.00 50.00! 50.00!
Bottom 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK Top 0K OK OK OK OK OK OK OK OK OK OK
Bottom 0K OK OK OK 0K 0K OK 0K OK 0K OK
SPAN 2
LOCATION
DESCRIPTION SECTION3 | SECTION2 | SECTION2 | SECTION2 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) Positive 2217.10 1196.07 352.66 396.46 1014.55 1407.73 1576.00 1519.36 1237.82 731.36 0.00
Negative 2807.26 1514.44 446.54 313.12 801.27 1111.80! 1244.70 1199.96! 977.60 577.62 0.00
s, (in%) Top 2032.15 1160.89 1160.89 1160.89 900.68 900.68 900.68 900.68 900.68 900.68 900.68
* Bottom 2032.15 1160.89 1160.89 1160.89 900.68 900.68 900.68 900.68 900.68 900.68 900.68
Top (Pos) 13.09 12.36 3.65 4.10 13.52 18.76 21.00 20.24 16.49 9.74 0.00
£ (ksi) Top (Neg) 16.58 15.65 4.62 3.24 10.68 14.81 16.58 15.99 13.02 7.70 0.00
Bottom (Pos) 13.09 12.36 3.65 4.10 13.52 18.76 21.00 20.24 16.49 9.74 0.00
Bottom (Neg) 16.58 15.65 4.62 3.24 10.68 14.81 16.58 15.99 13.02 7.70 0.00
fi (ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q,Rth,(ksi) 50.00! 50.00 50.00 50.00 50.00 50.00! 50.00 50.00! 50.00 50.00! 50.00!
CHECK 0K OK OK OK 0K 0K OK 0K OK 0K OK
B F ,c (ksi) Top 35.97 35.08 35.08 35.08 33.08 33.08 33.08 33.08 33.08 33.08 33.08
Bottom 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK Top OK OK OK OK OK OK OK OK OK OK OK
Bottom 0K OK OK OK 0K 0K OK (o] OK 0K OK
BF o, (ki) Top 50.00! 50.00 50.00 50.00 50.00 50.00! 50.00 50.00! 50.00 50.00! 50.00!
Bottom 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK Top OK OK OK OK OK OK OK OK OK OK OK
Bottom 0K OK OK OK 0K 0K OK 0K OK 0K OK
7.3.2 SHEAR (AASHTO 6.10.9.1)
Unstiffened webs and exterior panels
Vi< 0V
Vo= C c=10 if 211z [EX c=B2 B g [P D can [ c=2T B i 2 a0 12X
tw Yw D |Bw Bw tw Bw D R tw Eyy
V, = 0.58F,,, Dt,, tw t,
Interior Panels
2Dty _ _
Gretre+ o), = 5=lc+ 79O rhcas  o=[ca—28TUZO Jirisos
do\? do\? | do
Vo= 1o 1+ (D 1+ ( D
SECTION d (in) D (in) t,, (in) D/t,= V, (kip) byt (i) | by te(in?)
SECTION 1 52.00 50.00 0.50 100.00 725.00 14.00 14.00
SECTION 2 52.75 50.00 0.50 100.00 725.00 19.25 19.25
SECTION 3 55.25 50.00 0.50 100.00 725.00 36.75 36.75
15 of 26

B-48



Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 1
LOCATION
DESCRIPTION SECTION 1 | SECTION 1 SECTION 1 SECTION 1 SECTION 1 SECTION 1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
w 0.00 1.79 1.79 1.79 1.79 1.79 1.79 1.30 1.30 1.30 0.68
[ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) 76.71 56.26 35.82 15.37 5.08 25.52 45.97 66.41 86.86 107.31 255.51
CHECK 0K OK OK OK 0K 0K OK 0K OK 0K OK
SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION2 | SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
() 0.00 1.30 1.30 1.30 1.79 1.79 1.79 1.79 1.79 1.79 1.79
[ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) 255.51 107.31 86.86 66.41 45.97 25.52 5.08 15.37 35.82 56.26 76.71
CHECK OK OK OK OK OK OK OK OK OK 0K OK
7.4 COMPOSITE SECTION DESIGN
7.4.1 POSITIVE MOMENT
7.4.1.1 PLASTIC MOMENT (AASHTO Table D6.1-1)
Section 1
Deck reinforcement is neglected
b,
[ 1 P= 2907.00 kip = 3.09 in
T ‘ :[u e P= 700.00 kip = 1.91 in
i 5 ' i Py 1250.00 kip d= 27.41in
Plastic f ! t —>P : i
Neutral Axis Li LJ P= 700.00 kip = 52.91 in
= 6.84
t PNA= 6.84 in | PNA IN THE CONCRETE SLAB
I D, —» Py Compression= 2650.00 ksi
Tension= 2650.00 ksi
M,= 6808.63 kip-ft
[ | te —> P .
b Compacity (AASHTO D6.3.2 and 6.10.6.2) 7
3.76 90.55

ZDJ <3.76 i Fye B
tw Ve 2

(AASHTO D.6.3.2) D= 0.00 in = 0.00 COMPACT
w

SECTION 2
Deck reinforcement is neglected
bs ) )
Ps= 2907.00 kip = 4.69 in
v :[L P, P= 962.50 kip = 0.50 in
5 i Py= 1250.00 kip d,= 26.18 in
Plastic i ] t —»P _ . _ .
Nowta s b, 7P(— 962.50 kip d= 51.87 in
" N = 0.19
PNA= 8.44 in | PNA IN THE TOP FLANGE
4 L -
L B, Fu Compression= 3041.00 ksi
Tension= 3041.00 ksi
M,= 8066.37 kip-ft
I | t P Compacity (AASHTO D6.3.2 and 6.10.6.2)

90.55

b 376
> | 2, B
t—” <376 |—
v . 2D,,
(AASHTO D.6.3.2) D= 0.00 in o 0.00 COMPACT
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Superstructure Design
Steel Plate Girder

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SECTION 3
Deck reinforcement is neglected
by ) )
Ps= 2907.00 kip = 5.94 in
v :[L s = 1837.50 kip = 0.13 in
— ~ ‘ ‘ L e Pz 1250.00 kfp dy= 26.18 in
N st . P 1837.50 kip di= 52.50 in
- 4 = 1.44
PNA= 9.69 in PNA IN THE TOP FLANGE
)l b — P Compression= 3916.00 ksi
Tension= 3916.00 ksi
M,=  12306.69 kip-ft
I | t P Compacity (AASHTO D6.3.2 and 6.10.6.2)
b 3.76 90.55
% <376 E Fye
2Dy
(AASHTO D.6.3.2) D= 0.00 in P ooo ___ cowpacT |
7.4.1.2 STRENGTH LIMIT STATE (AASHTO 6.10.6)
- Moy Moz, Map SECTION _ BOTTOM. GisDER _ _ TOP GI.R[:ER _
Sne  Sur Ssr Snclin’) Sz (in7) St (in’) Snclin’) Sz (in’) St (in’)
SECTION 1 900.68 1143.47 1227.74 900.68 3851.39]  11796.90
M = Ser (Fy _ ? _ %) SECTION 2 1160.89 141502 151387 1160.89] _ 4137.58] _ 11338.50
ne St SECTION 3 2032.15 2323.07 2536.27 2032.15 5066.96]  17876.68
My = Mpy + Mp; + Map SECTION D, D, M, Duftility
M, =M, if D, <0.1D, in in kip-ft | Requirement
Ductility Requirement [SECTION 1 6.84 60.25 6808.63 OK
M, <13R,M, D, <0.42D, SECTION 2 8.4 61.00 8066.37 oK
SECTION 3 9.69 63.50 12306.69 oK
M, =M, [1.07—0.7?)—’:] if D, > 0.1D; Mu+éflgxt <0,M,
SPAN 1
LOCATION
DESCRIPTION SECTION1 [ SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 [ SECTION1 | SECTION2 [ SECTION 2 | SECTION 2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
My, (Kip-ft) Positive 0.00 720.66 1219.71 1497.15 1552.98 1387.20 999.81 390.80 0.00 0.00 0.00
My, (kip-ft) Positive 0.00 289.18 489.42 600.73 623.10 556.53 401.04 156.60 0.00 0.00 0.00
M, (kip-ft) Bottom Girder| 5115.59 3822.74 2927.47 2429.78 2329.65 2627.11 3322.13 5630.61 6307.78 6307.78|  10567.81
M, (kip-ft) Top Girder 49153.73|  38828.89 31679.09|  27704.30 2690455  29279.82|  34830.12| 42997.66| 47243.77| 47243.77|  74486.15
M, (kip-ft) 5115.59 4832.58 4636.60 4527.66 4505.73 4570.84 4722.97 6178.02 6307.78 6307.78|  10567.81
M, (kip-ft) 6650.26 6282.36 6027.59 5885.95 5857.45 5942.09 6139.87 7849.64 7849.64 7849.64|  11853.37
M, (Kip-ft) 0.43 2201.07 3739.43 4642.50 4952.87 4698.46 3904.38 2603.24 919.54 0.00 0.00
f, (ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M, (kip-ft ) 6650.26 6282.36 6027.59 5885.95 5857.45 5942.09 6139.87 7849.64 7849.64 7849.64|  11853.37
CHECK oK oK oK oK oK oK oK oK oK oK oK
USAGE RATIO 0.01% 35.04% 62.04% 78.87% 84.56% 79.07% 63.59% 33.16% 11.71% 0.00% 0.00%
SPAN 2
LOCATION
DESCRIPTION SECTION 3 [ SECTION2 | SECTION2 | SECTION2 | SECTION1 | SECTION1 [ SECTION1 | SECTION1 [ SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
My, (kip-ft) Positive 0.00 0.00 0.00 390.80 999.81 1387.20 1552.98 1497.15 1219.71 720.66 0.00
My, (kip-ft) Positive 0.00 0.00 0.00 156.60 401.04 556.53 623.10 600.73 489.42 289.18 0.00
My (Kip-ft) Bottom Girderl ~ 10567.81 6307.78 6307.78 5630.61 3322.13 2627.11 2329.65 2429.78 2927.47 3822.74 5115.59
M, (Kip-ft) Top Girder 74486.15|  47243.77|  47243.77|  42997.66 34830.12| 29279.82| 26904.55| 27704.30| 31679.09| 38828.89|  49153.73
M, (kip-ft) 10567.81 6307.78 6307.78 6178.02 4722.97 4570.84] 4505.73 4527.66 4636.60 4832.58 5115.59
M, (Kip-ft) 11853.37 7849.64 7849.64 7849.64 6139.87 5942.09 5857.45 5885.95 6027.59 6282.36 6650.26
M, (Kip-ft) 0.00 0.00 919.54 2603.24 3904.38 4698.46 4952.87 4642.50 3739.43 2201.07 0.43
£, (ksi) 0.00 0.00 0.00 0.00 0.00[ 0.0 0.00 0.00 0.00 0.00 0.00
M, (Kkip-ft ) 11853.37 7849.64 7849.64 7849.64 6139.87 5942.09 5857.45 5885.95 6027.59 6282.36 6650.26
CHECK oK oK oK oK oK oK oK oK oK oK oK
USAGE RATIO 0.00% 0.00% 11.71% 33.16% 63.59% 79.07% 84.56% 78.87% 62.04% 35.04% 0.01%
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Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

7.4.1.3 FATIGUE LIMIT STATE (AASTHO 6.5.3 and 6.6)

1
Detail Category C AR, = (%)3 N = 365(7SImADTT,, ADTTy, = pADTT
A= 4.40E+09 ksi® AADT= 56300.00 Vehicles per day (17% Trucks)
N= 2.23E+08 cycles ADTT= 9571 Trucks
n= 1.00 p= 0.85 2 Lanes (AASHTO Table 3.6.1.4.2-1)
AFy= 12.00 ksi ADTTg = 8136 Trucks/lane/day
‘_‘
AF = 12.00 ksi
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION1 | SECTION 1 SECTION 1 SECTION 1 SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
SST(ina) Top Girder 1227.74 1227.74 1227.74 1227.74 1227.74 1227.74 1227.74 1513.87 1513.87 1513.87 2536.27
SST(inz) Bot Girder 11796.90 11796.90 11796.90 11796.90 11796.90 11796.90 11796.90 11338.50 11338.50 11338.50 17876.68
My_m(Stress Range) (kip-ft) 0.18 404.22 689.90 880.83 972.59 998.98 976.28 889.90 712.75 556.37 493.43
fiopc (ksi) Top Girder 0.00 0.41 0.70 0.90 0.99 1.02 0.99 0.94 0.75 0.59 0.33
oot (ksi) Bot Girder 0.00 3.95 6.74 8.61 9.51 9.76 9.54 7.05 5.65 4.41 2.33
Check INFINITE LIFE
SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION2 | SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
SST(ina) Top Girder 2536.27 1513.87 1513.87 1513.87 1227.74 1227.74 1227.74 1227.74 1227.74 1227.74 1227.74
SST(inz) Bot Girder 17876.68 11338.50 11338.50 11338.50 11796.90 11796.90 11796.90 11796.90 11796.90 11796.90 11796.90
Mym(Stress Range) (kip-ft) 493.43 556.37 712.75 889.90 976.28 998.98 972.59 880.83 689.90 404.22 0.18
fiopc (ksi) Top Girder 0.33 0.59 0.75 0.94 0.99 1.02 0.99 0.90 0.70 0.41 0.00
oot (ksi) Bot Girder 2.33 4.41 5.65 7.05 9.54 9.76 9.51 8.61 6.74 3.95 0.00
Check INFINITE LIFE
Special Shear Requirements for Webs
Unstiffened webs and exterior panels
Vi< 0V
Vo =CY C=10 ifﬂsl.le—k C=1#J?—k if1-12ﬁ<351-40j?—k c=1'—57 Bk if£>1.40E—k
tw Fpw D [Ew Bty Byw D K. tw Bw
V, = 0.58F,,Dt,, [ T
Interior Panels
2Dt,, _ _
Vy = V8 1+(‘§) 1+(F +p
SECTION d (in) D (in) t,, (in) D/t,= Vo (kip) | bty (in®) | by ty(in’)
SECTION 1 52.00 50.00 0.50 100.00 725.00 14.00 14.00
SECTION 2 52.75 50.00 0.50 100.00 725.00 19.25 19.25
SECTION 3 55.25 50.00 0.50 100.00 725.00 36.75 36.75
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION1 | SECTION 1 SECTION 1 SECTION 1 SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
w 0.00 1.79 1.79 1.79 1.79 1.79 1.79 1.30 1.30 1.30 0.68
[ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) -36.79 -22.46 -6.84 10.54 29.08 48.64 68.55 88.99 109.80 130.62 269.01
CHECK OK OK OK OK OK 0K OK OK OK OK OK
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Superstructure Design
Steel Plate Girder

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
LOCATION
DESCRIPTION SECTION3 | SECTION2 | SECTION2 | SECTION2 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
w 0.00 1.30 1.30 1.30 1.79 1.79 1.79 1.79 1.79 1.79 1.79
5 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) 269.01 -66.93 -50.12 -33.28 -16.08 1.66 19.74 38.84 59.10 81.12 104.43
CHECK 0K 0K 0K 0K 0K 0K 0K 0K oK oK oK
7.4.1.4 SERVICE LIMIT STATE
7.4.1.4.1 Permanent Deformations (AASTHO 6.10.4.2)
Top Flange Bottom Flange BOTTOM GIRDER TOP GIRDER
SECTION 3 3 3 3 3 3
f} < 0.95RyFyy 1 1 _ Snc(in’) Sy (in%) Sz (in’) Snc (in”) Sy (in”) Sz (in”)
fr + 3/t < 0-95RyFyy fitgfi=h SECTION 1 900.68 1143.47 1227.74 900.68 3851.39] 11796.90
SECTION 2 1160.89 1415.02 1513.87 1160.89 4137.58]  11338.50
0.95R,F = 47.50 ksi SECTION 3 2032.15 2323.07 2536.27 2032.15 5066.96|  17876.68
7.4.1.4.2 Web Bend Buckling (AASHTO 6.10.1.9)
fbu < q)chrw
Longitudinal Stiffeners?
0.9Ek 9 SECTION Positive
Fgw=—— k= D2 d (in) D (in) t, (in) tq (in) tw, (in) D/t,= PNA (in) | Yuptobotn (in)
(tﬂ) ) SECTION 1 52.00 50.00 0.50 100 .00 100.00 6.84 59.75
w SECTION 2 52.75 50.00 0.50 1.38 1.38 100.00 8.44 60.13
-f. SECTION 3 55.25 50.00 0.50 2.63 2.63 100.00 9.69 61.38
D, = (m +ﬁ)d_t,c
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION 2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) | Negative 0.32 1659.05 2818.44 3498.53 3730.95 3536.44 2933.67 1946.86 532.10 0.00 0.00
fi (ksi) top flange 0.00 5.17 8.78 10.90 11.62 11.02 9.14 5.65 1.54 0.00 0.00
CHECK 0K oK oK oK 0K 0K oK 0K oK 0K oK
f (ksi) Bot flange 0.00 17.41 29.58 36.71 39.15 37.11 30.79 16.51 4.51 0.00 0.00
f, (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
fy (ksi) Bot flange 0.00 17.41 29.58 36.71 39.15 37.11 30.79 16.51 4.51 0.00 0.00
CHECK oK oK oK oK oK oK oK oK oK oK oK
f. (ksi) 0.00 9.67 16.40 20.25 21.32 19.68 15.38 7.39 5.89 11.34 12.48
, (ksi) 0.00 18.63 31.64 39.25 41.78 39.46 32.48 16.94 11.96 15.31 16.78
D (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Ferwlksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
BF crulksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Fou(ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK oK oK oK oK oK oK oK oK oK oK oK
SPAN 2
LOCATION
DESCRIPTION SECTION3 | SECTION2 | SECTION2 | SECTION2 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) Positive 0.00 0.00 532.10 1946.86 2933.67 3536.44 3730.95 3498.53 2818.44 1659.05 0.32
f (ksi) top flange 0.00 0.00 1.54 5.65 9.14 11.02 11.62 10.90 8.78 5.17 0.00
CHECK oK oK oK oK oK oK oK oK oK oK oK
fi (ksi) Bot flange 0.00 0.00 451 16.51 30.79 37.11 39.15 36.71 29.58 17.41 0.00
fi (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
f (ksi) Bot flange 0.00 0.00 451 16.51 30.79 37.11 39.15 36.71 29.58 17.41 0.00
CHECK 0K oK oK oK 0K 0K 0K 0K oK OK oK
f. (ksi) 10.95 10.32 3.07 2.74 8.96 12.43 13.96 13.53 11.14 6.78 0.45
f, (ksi) 16.78 15.31 11.96 16.94 32.48 39.46 41.78 39.25 31.64 18.63 0.00
D, (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Ferulksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
OF . (Ksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Fou(ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK 0K 0K 0K 0K 0K 0K 0K 0K 0K 0K oK
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7.4.2 NEGATIVE MOMENT
7.4.2.1 PLASTIC MOMENT
Section 1

Deck is neglected, only reinforcement is taken into account

— Ad —As
\\ \'\
I v \\ ] > Py
T - ! — Py
L ] : t — P
L
v | {
| t
Plastic \ ™ Dy —Py
Neutral Axis ——
[ ] t  —> P,
be
Iyc be o 1.00 oK
— >0.30 Iye
yt
Iyr= 228.67 in Top Flange
lyg= 228.67 in Bottom Flange
Section 2

Deck is neglected, only reinforcement is taken into account

— An

A

[ Y

i —> Py

t — P

tw
Plastic -
Neutral Axis
[ ]
be
e he
== >0.30 Iye
Ly
=
Iys=
Section 3

too ok |

314.42 in Top Flange
314.42 in Bottom Flange

Deck is neglected, only reinforcement is taken into account

— A —As
\ \
I v X i — P,
t * ] — Py
L ] : t — P
R
v | {
%
tw
Plastic \ Dy —> Py
Neutral Axis ——

be
be o

I C
€ >0.30 Lyt

yt
=
Iys=
7.4.2.2 STRENGTH LIMIT STATE
Discretely Braced Compression Flange?

7.4.2.2.1 Flange Nominal Yielding (6.10.3.2.1)
fout+ fi < OpRuFyf

fou < O RnFyf

Discretely Braced

Continuous Braced

1.00 OK

600.25 in Top Flange
600.25 in Bottom Flange

YES

fi=
®6Rthi=

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

P.= 604.36 kip d= 24.83 in
Py= 299.78 kip dyy= 20.83 in
= 700.00 kip = 3242 in
P.= 1250.00 kip d,= 6.92 in
P= 700.00 kip de= 18.58 in
Y= 6.92
PNA= 27.33in PNA IN THE WEB
M= 6099.14 kip-ft
Compacity
20, e B 5.7 o 137.27
tw Fye 2D,

(AASHTO D.6.3.2) D= 43.08 in twp = 172.33
P.= 604.36 kip d= 24.83 in
Py= 299.78 kip dpy= 20.83 in

= 962.50 kip = 32.98 in
P.= 1250.00 kip d,= 7.30 in
P= 962.50 kip de= 18.39 in
Y= 7.30
PNA= 27.33in PNA IN THE WEB
M= 7316.11 kip-ft
Compacity
20, e B 5.7 o 137.27
tw Fye 2D,
(AASHTO D.6.3.2) D= 45.45 in twp = 181.81

di= 13.99 in
dip= 9.99 in

= 4570 in
d,= 19.38 in
d= 6.93 in

PNA IN THE WEB

P.= 262.31 kip
Py= 262.31 kip
= 1837.50 kip
P,= 1250.00 kip
P= 1837.50 kip
Y= 14.51
PNA= 16.49 in
M= 10113.93 kip-ft
Compacity
ZDJ <57 i
ty ch

(AASHTO D.6.3.2) D= 35.49 in

0.00 ksi
50.00 ksi
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Superstructure Design
Steel Plate Girder

7.4.2.2.2 Flexural

e (AASHTO 6.10.3.2.1, 6.10.1.6 and 6.10.8

1
fbu +§fl < wanc
fis 0.6Fyf

Local Buckling Resistance (6.10.8.2.2)
Fae = RpRyFye if Ar < Ayp F

i (1

yr=

Byr )(Af ~ s
RnFye) \Aep = Apr

)] RoRuFye if A > Ay

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

BOTTOM
SECTION Fyr (ksi) Foc(ksi) | 0.6F,ksi) | CHECK
SECTION 1 35.00 50.00 30.00 oK
SECTION 2 35.00 50,00 30.00 oK
SECTION 3 35.00 50.00 30.00 oK

Lateral Torsional Buckling Resistance (Rh and Rb are taken as 1.0 according to AASHTO 6.10.1.10)

Foe = RyRiFye if Ly < L,

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Com 1.00
L= 2750 ft Fae =G| 1= (1= 2 (2220 | Ry Rue < RoRuFye if Ly < Ly < L
b . ne =Cp|1— _Rthc L -1, bRiFyc < RpRyFye if Lp <Lp <Ly
b ) CyRpm2E
Ly =107 |7 Ly = mr, T = fe Foc = For < RpRpFye if Lp > Ly Fy = INT
ye 1 D.t, LS
1214 4 2k ()
3bsctrc t
SECTION Negative
d (in) D (in) t,, (in) ty(in) ty, (in) by (in) by, (in) D/t,= PNA (in) | uabirriang (in)
SECTION 1 52.00 50.00 0.50 1.00 1.00 14.00 14.00 100.00 27.33 9.00
SECTION 2 52.75 50.00 0.50 138 138 14.00 14.00 100.00 27.33 938
SECTION 3 55.25 50.00 0.50 2.63 2.63 14.00 14.00 100.00 16.49 10.63
7.4.2.2.3 Web Bend Buckling (AASHTO 6.10.1.9)
fou < OfForw
Longitudinal Stiffeners? BOTTOM GIRDER TOP GIRDER
SECTION — — — —
Snc(in’) Snegret (in°) Snc(in’) Snegret (in7)
0.9Ek 9 SECTION 1 900.68 104635 900.68 1773.89
Ferw =705 =Dz SECTION 2 1160.89 1305.47 1160.89) 2055.01
(ﬁ) ﬁ) SECTION 3 2032.15 2122.66 2032.15 2555.89
—fe )
D=2 d—¢
¢ (ml )T
7.4.2.2.4 Summary
SPAN 1
LOCATION
DESCRIPTION SECTION 1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION2 | SECTION 2 | SECTION2 | SECTION3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5 0.6 0.7L 0.8L 0.9L 100
M, (kip-ft) |Negative 0.00 0.00 0.00 0.00 0.00 0.00 0.00 359.16 1679.40 3597.22 6674.02
sy [ 1773.89) 1773.89 1773.89 1773.89 1773.89 1773.89 1773.89 2055.01 2055.01 2055.01 2555.89
* Bottom 1046.35 1046.35 1046.35 1046.35 1046.35 1046.35 1046.35 1305.47] 1305.47 1305.47] 212266
fo(ksy)  [ToR(NeB) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.10 9.81 21.01 3133
i Bottom (Neg) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.30 15.44 33.07 37.73
,(ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OrR,Fy (ksi) 50.00) 50.00 50.00 50.00 50.00 50.00) 50.00 50.00) 50.00 50.00) 50.00)
CHECK oK oK oK oK oK oK oK oK oK oK oK
£ (ksi) 0.00 14.82 24.70 29.65 29.67 24.98 21.17 11.64 16.70 37.36 4137
f, (ksi) 0.00 12.68 21.23 25.67 25.99 2231 17.95 8.87 12.27 29.36 37.13
D, (in) 25.93 27.02 26.96 26.87 26.72 26.47 27.14 28.56, 29.04 28.16, 26.49
L, (t) 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50
. (in) 353 352 352 352 352 3.52 351 3.62 361 3.62 3.82
L, (ft) 7.09 7.06 7.06 7.06 7.06 7.07 7.0 7.26 7.25 7.27 7.66
L, (ft) 2227 22.16 2217 2218 22.19 2222 2215 22.82 2278 22.85 24.08
F,, (ksi) 32.80 32.48 32.50 3252 3257 32.64 3245 34.42 34.30 3451 38.32
Foc (ksi) 32.80 32.48 32.50 3252 3257 32.64 3245 34.42 34.30 3451 38.32
BfF . (ksi) [Bottom 32.80 32.48 32.50 3252 3257 32.64 32.45 34.42 34.30 34,51 38.32
CHECK _|Bottom oK oK oK oK oK oK oK oK oK oK oK
K 33.48 30.81 30.95 31.16 3151 3212 3055 27.58 26.69 28.37 32.06
FornlKsi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
BfF o (ksi) _|Bottom 50.00) 50.00 50.00 50.00 50.00 50.00) 50.00 50.00) 50.00 50.00) 50.00)
CHECK _|Bottom oK oK oK oK oK oK oK oK oK oK oK
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APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Superstructure Design
Steel Plate Girder

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION2 | SECTION2 [ SECTION2 | SECTION1 | SECTION1 | SECTION1 | SECTION1 [ SECTION1 [ SECTION1 [ SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) [Negative 6674.02 3597.22 1964.90 941.45 256.51 0.00 0.00 0.00 0.00 0.00 0.00
P LT 2555.89 2055.01 2055.01 2055.01 1773.89 1773.89 1773.89 1773.89 1773.89 1773.89 1773.89
x Bottom 2122.66 1305.47 1305.47 1305.47 1046.35 1046.35 1046.35 1046.35 1046.35 1046.35 1046.35
£ (ksi) |ToP(Neg) 31.33 21.01 11.47 5.50 1.74 0.00 0.00 0.00 0.00 0.00 0.00
o Bottom (Neg) 37.73 33.07 18.06 8.65 2.94 0.00 0.00 0.00 0.00 0.00 0.00
, (ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BR,Fy (ksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK oK oK oK oK oK oK oK oK oK oK oK
. (ksi) 41.37 37.36 19.33 16.99 29.98 34.92 35.88 32.87 25.89 14.93 0.00
, (ksi) 37.13 29.36 13.94 12.27 23.15 28.18 29.65 27.57 21.93 12.74 0.00
D, (in) 26.49 28.16 29.27 29.26 28.34 27.78 27.47 27.28 27.15 27.05 26.51
L, (ft) 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50
r, (in) 3.82 3.62 3.61 3.61 3.49 3.50 3.51 3.51 3.51 3.51 3.52
L, (ft) 7.66 7.27 7.24 7.25 7.01 7.03 7.04 7.05 7.05 7.05 7.07
L, (ft) 24.08 22.85 22.76 22.76 22.03 22.09 22.12 22.14 22.15 22.16 22.22
F, (Ksi) 38.32 34.51 34.25 34.25 32.10 32.26 32.35 32.40 32.44 32.47 32.63
Fpe (Ksi) 38.32 34.51 34.25 34.25 32.10 32.26 32.35 32.40 32.44 32.47 32.63
®F, (ksi) [Bottom 38.32 34.51 34.25 34.25 32.10 32.26 32.35 32.40 32.44 32.47 32.63
CHECK _|Bottom oK oK oK oK oK oK oK oK oK oK oK
K 32.06 28.37 26.25 26.28 28.01 29.16 29.81 30.23 30.53 30.74 32.01
FerwKSi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
@Fr, (ksi) [Bottom 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
CHECK _ [Bottom oK oK oK oK oK oK oK oK oK oK oK
7.4.2.3 SERVICE LIMIT STATE
7.4.2.3.1 Permanent Deformations (AASTHO 6.10.4.2)
Top Flange Bottom Flange BOTTOM GIRDER TOP GIRDER
SECTION 3 3 3 3
fr < 0.95R,Fyr 1o 0.95R. F £+ lf -t Snc(in”) | Snegrer (in°) | Snc(in’) | Snegret (in’)
fr+5fi <095RyFyp st SECTION 1 900.68 1046.35 900.68 1773.89
SECTION 2 1160.89 1305.47 1160.89 2055.01
0.95RF,= 99.75 ksi SECTION 3 2032.15 2122.66 2032.15 2555.89
7.4.2.3.2 Web Bend Buckling (AASHTO 6.10.1.9)
fbu < q)chrw
Longitudinal Stiffeners?
0.9Ek 9 SECTION Positive
Fpw=——y k= D2 d (in) D (in) t, (in) te(in) t (in) D/t,= PNA (in) | Ysiapsriang (in)
(tﬂ) (F SECTION 1 52.00 50.00 0.50 1.00 .00 100.00 27.33 9.00
b SECTION 2 52.75 50.00 0.50 1.38 1.38 100.00 27.33 9.38
—f SECTION 3 55.25 50.00 0.50 2.63 2.63 100.00 16.49 10.63
D, = d—t
¢ (m + ﬁ) re
SPAN 1
LOCATION
DESCRIPTION SECTION 1 | SECTION1 | SECTION1 [ SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION 2 [ SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) Negative 0.00 0.00 0.00 0.00 0.00 0.00 0.00 132.81 1262.17 2721.84 5049.83
fi (ksi) top flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 7.37 15.89 23.71
CHECK oK 0K 0K oK oK oK oK oK oK oK oK
i (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 11.60 25.02 28.55
i (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
fy, (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 11.60 25.02 28.55
CHECK oK oK oK oK oK oK oK oK oK oK oK
. (ksi) 0.00 8.54 14.28 17.24 17.41 14.88 12.11 6.21 8.69 20.37 25.94
, (ksi) 0.00 10.02 16.68 19.98 19.92 16.66) 14.36 8.23 11.94 26.16 29.01
D (in) 24.04 22.92 22.99 23.09 23.25 23.53 22.79 21.31 20.85 21.72 23.46
k 42.12 46.33 46.06 45.66 45.02 43.94 46.85 55.14 57.63 53.10 49.94
Ferlksi) 109.92 120.92 120.22 119.18 117.50 114.70 122.27 143.91 150.41 138.58 130.33
B crlKsi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Fou(ksi) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 11.60 25.02 28.55
CHECK oK oK oK oK oK oK oK oK oK oK oK
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Superstructure Design APPENDIX B: Two Span Continuous
Steel Plate Girder SELECTED EXAMPLES OF BRIDGE DESIGNS Spans 110 - 110 ft
Beam Separation 9.5ft

SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION 2 SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
M, (kip-ft) | Negative 5049.83 2721.84 1474.25 565.36 0.00 0.00, 0.00 0.00 0.00 0.00 0.00
f (ksi) top flange 23.71 15.89 8.61 3.30 0.00 0.00 0.00 0.00 0.00 0.00! 0.00!
CHECK OK OK OK OK OK OK OK OK OK OK OK
fi (ksi) Bot flange 28.55 25.02 13.55 5.20 0.00 0.00 0.00 0.00 0.00 0.00: 0.00:!
fi (ksi) Bot flange 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
f, (ksi) Bot flange 28.55 25.02 13.55 5.20 0.00 0.00:! 0.00 0.00:! 0.00 0.00:! 0.00:!
CHECK 0K OK OK OK 0K 0K OK 0K OK 0K OK
f. (ksi) 25.94 20.37 9.93 8.74 15.98 19.24 20.13 18.65 14.80 8.59 0.00!
f. (ksi) 29.01 26.16 13.89 12.20 20.91 24.05 24.53 2237 17.56 10.11 0.00!
D, (in) 23.46 21.72 20.61 20.63 21.52 2211 22.44 22.64 22.78 22.89 23.48
k 49.94 53.10 58.93 58.84 52.54 49.77 48.35 47.47 46.88 46.46 44.16
Ferwl(ksi) 130.33 138.58 153.81 153.57 137.12 129.91 126.18 123.91 122.37 121.26 115.25
BF o (ksi) 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Fpu(ksi) 28.55 25.02 13.55 5.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK 0K OK OK OK 0K 0K OK 0K OK 0K OK
7.4.3 SHEAR (AASHTO 6.10.9)
Unstiffened webs and exterior panels
Vi< 0V
Vo =CY C=10 ifBSLlZ E_k C=1',#\/E ifl.lZ\/E<£Sl.4-0\/E C=1'—57 E_k if£>1.40E_k
tw Fw D Bw Bw tw Bw D Eyw ty Eyw
V, = 0.58F,,, Dt,, ty [
Interior Panels
2Dty _ —
—(bﬂtﬂ " bfbtfb)p =w les 0.87(1—-0C) ifw<25 s=lc+ 0.87(1 2(I) ifw>25
b= e () oo
SECTION d(in) D (in) t,, (in) D/t,= V, (kip) byt (i) | byt (in?)
SECTION 1 52.00 50.00 0.50 100.00 725.00 14.00 14.00
SECTION 2 52.75 50.00 0.50 100.00 725.00 19.25 19.25
SECTION 3 55.25 50.00 0.50 100.00 725.00 36.75 36.75
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
w 0.00 1.79 1.79 1.79 1.79 1.79 1.79 1.30 1.30 1.30 0.68
[ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) 279.17 22417 169.97 116.43 75.91 121.21 173.57 224.75 274.53 322.68 521.65
CHECK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION 2 SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dist btwn Stiffeners (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stiffened? NO NO NO NO NO NO NO NO NO NO NO
k (in) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
w 0.00 1.30 1.30 1.30 1.79 1.79 1.79 1.79 1.79 1.79 1.79
[ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
@V, (kip) 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97 612.97
V, (kip) 528.83 323.25 274.53 224.75 173.57 121.21 75.91 116.43 169.97 224.17 278.79
CHECK 0K OK OK OK 0K 0K OK (o] OK (o] OK
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Superstructure Design
Steel Plate Girder

7.4.3.1 Intermediate Stiffeners (AASHTO 6.10.11.1)

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Foe= 36.00 ksi
,~ WEB b,= 61/2 in ors = 0':_15 < Fs
_L| t,= 11/4 in4 (i)
=.b 3 a - 256.29 in o Dot (Fpg\
Iy 2 Iz 2770 (T)
.
t I =1y
SPAN 1
LOCATION
DESCRIPTION SECTION 1 | SECTION 1 SECTION 1 SECTION 1 SECTION 1 SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dst btwn Stiffeners (in) (d,) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
by = 2.0+ % OK OK OK OK OK OK OK OK OK OK OK
16t, = by = 0.25bf 0K OK OK OK 0K 0K oK oK oK oK oK
b (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
J 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lyy (in4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK 0K OK OK OK 0K 0K OK 0K OK 0K OK
Fers (ksi) 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00
P 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39
1% (in‘) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION 2 SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Transverse Stiffeners? NO NO NO NO NO NO NO NO NO NO NO
Dst btwn Stiffeners (in) (d,) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b, = 2.0+ % OK OK OK OK OK OK OK OK OK OK OK
16ty = by = 0.25bf 0K OK OK OK 0K 0K oK oK oK oK oK
b (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
J 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lyy (in4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK 0K OK OK OK 0K 0K OK (o] OK 0K OK
Fers (ksi) 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00
P 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39
1% (in‘) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHECK OK OK OK OK OK OK OK OK OK OK OK
7.4.3.2 Bearing Stiffeners (AASHTO 6.10.11.2)
Supports 1and 3 # of Plates= 1.00 Plates
Area (A)= 19.25 in’ Ra= 279.17 kip g= 1.00 in
Rn= 693.00 kip b= 5.50 in
ba _ 48 g
5, =0 = 18.16 b,/t,= 5200 ok ] —
BRy, = BRgp, = 01.4Ap,Fys » i
= 256.35 in ro= 3.65 in tw
KL/r= 10.28 - WEB >
2 ba ba
KL _ 0750w ;\:(K’)@ 2 0.01 44 E
Tst Tst rqmn) E [ | Q
Pn= 689.19 kip ! bg | bg | T 77t_w%_<
Pn= 620.27 kip ] | .y
. t **—‘
Stiffeners Weld (AASHTO 6.13.3)
Weld Throat= 1/4 in Fexx weLo™ 70.00 ksi
Length of Weld= 48.00 in Dweras= 0.80
Effective Weld Throat= 0.177 in
Weld Both Sides? YES OR,, = 0.600Fgyy
Both Sides Stiffeners? YES
Shear Resistance= 1140.42 kip
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Superstructure Design
Steel Plate Girder

APPENDIX B:

SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Supports 2 # of Plates= 1.00 Plates
Area (A)= 19.25 in’ Ra= 528.83 kip g= 1.00 in
$Rn= 693.00 kip by 550 in
9
= 18.16 by/t,= 5200 ok | —
ind . ) tw
= 256.35 in ro= 3.65 in v WEB >—>—4
KL/r= 10.28
ba ba
2 =
K_075D, () - oo S g :
T, T,
st st raem) E ! bg bg i T tw
Pn= 689.19 kip =
dPn= 620.27 kip )t SR 2
Stiffeners Weld (AASHTO 6.13.3)
Weld Throat= 1/4 in Fexx weLo™ 70.00 ksi
Length of Weld= 48.00 in Duverss= 0.80
Effective Weld Throat= 0.177 in OR. = 0.600F
Weld Both Sides? YES no Exx
Both Sides Stiffeners? YES
Shear Resistance= 1140.42 kip
7.4.4 SHEAR CONNECTORS (AASHTO 6.10.10)
7.4.4.1 FATIGUE LIMIT STATE
# Shear C= 4.00 Penetration | Min Penetr |
Bsc= 5/8 in Lengthg= 5.00 in oK oK
Agc= 0.31 in’ L/d= 8.00 oK
nZ,
Py SECTION TOP GIRDER
Ver = Vs Inc(in’) Iz in*) Isr (in) Qs (in’) |  by(in)
V. SECTION 1 23417.67 45848.15 57824.53 1062.81 14.00
Viar = f_Q SECTION 2 30618.53 55620.57 70450.29 1211.09] 14.00
ZI . SECTION 3 56138.09 88002.72 122718.35 1284.72 14.00
Z, = ad* Fatigue Il
Z, = 5.5d? Fatigue |
SPAN 1
LOCATION
DESCRIPTION SECTION1 | SECTION 1 SECTION 1 SECTION 1 SECTION 1 SECTION1 | SECTION1 | SECTION2 | SECTION2 | SECTION2 | SECTION 3
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
V; (kip) 67.64 58.66 52.26 49.39 48.82 50.30 52.47 55.72 59.68 63.68 67.62
Isr (in4) 57824.53 57824.53 57824.53 57824.53 57824.53 57824.53 57824.53 70450.29 70450.29 70450.29| 122718.35,
Q(ins) 1062.81 1062.81 1062.81 1062.81 1062.81 1062.81 1062.81 1211.09] 1211.09 1211.09] 1284.72
V,, (kip/in) 1.24 1.08 0.96 0.91 0.90 0.92 0.96 0.96 1.03 1.09 0.71
a 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50
Zr (kip) 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15
p (in) 6.91 7.97 8.95 9.47 9.58 9.30 8.91 8.97 8.38 7.85 12.14]
p (in) Selected 6.50 7.50 8.50 9.00 9.50 9.00 8.50 8.50 8.00 7.50 12.00
CHECK 0K OK OK OK 0K 0K OK OK OK 0K oK
p<24in? OK OK OK OK OK OK OK OK OK OK OK
p>6d? 0K oK oK oK oK oK oK oK oK oK oK
Spacing (s) (in) 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Distance Clear (in) 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94
CHECK OK OK OK OK OK OK OK OK OK OK OK
SPAN 2
LOCATION
DESCRIPTION SECTION 3 | SECTION 2 SECTION 2 SECTION 2 SECTION 1 SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION1 | SECTION 1
0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
V; (kip) 67.62 63.68 59.68 55.72 52.47 50.30 48.82 49.39 52.26 58.66 67.64
Ist (in4) 122718.35 70450.29 70450.29 70450.29 57824.53 57824.53 57824.53 57824.53 57824.53 57824.53 57824.53
Q (ins) 1284.72 1211.09 1211.09 1211.09 1062.81 1062.81 1062.81 1062.81 1062.81 1062.81 1062.81
V,, (kip/in) 0.71 1.09 1.03 0.96 0.96 0.92 0.90 0.91 0.96 1.08 1.24
a 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50
Zr (kip) 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15
p (in) 12.14] 7.85 8.38 8.97 8.91 9.30 9.58 9.47 8.95 7.97 6.91
p (in) Selected 12.00 7.50 8.00 8.50 8.50 9.00 9.50 9.00 8.50 7.50 6.50
CHECK 0K OK OK OK 0K 0K OK OK OK 0K oK
p<24in? OK OK OK OK OK OK OK OK OK OK OK
p>6d? 0K oK oK oK oK oK oK oK oK oK oK
Spacing (s) (in) 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Distance Clear (in) 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94
CHECK OK OK OK OK OK OK OK OK OK OK OK
250f 26
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Superstructure Design
Steel Plate Girder

7.4.4.2 STRENGTH LIMIT STATE

APPENDIX B:
SELECTED EXAMPLES OF BRIDGE DESIGNS

Two Span Continuous
Spans 110 - 110 ft
Beam Separation 9.5ft

Composite for negative region? YES P = sz + sz = P, for straight bridges non — composite in negative region
Fu= 60.00 ksi N B ) ) o ) )
Q= 18.41 kip BscQn = 0.5A50y/f cEe < AscEy 173T= E)T"'-'I—JnFT = Pr for straight bridges composite in negative region
$Q,= 15.65 kip
. 0.85f"cbsts i 0.45f"cbsts
SPAN 1 fp = min (FwyD tw + Fyebpetye + chbfcffc> o = min (FwyD tw + Fyehyetye + chbfftff)
Pp= 2650.00 kip Number of Shear Studs required from the point of maximum positive moment and the closest support
Pn= 1539.00 kip p
p= 4189.00 kip n= = 267.73SC Shear studs provided= 34400 oK |
BscQn
SPAN 2
Pp= 2650.00 kip Number of Shear Studs required from the point of maximum positive moment and the closest support
Pn= 1539.00 kip P
p= 4189.00 kip n= = 267.73SC Shear studs provided= 32000 oK |
BscQn
7.5 DEFORMATIONS ’:‘ NON-COMPOSITE ACTION
7.5.1 CAMBER COMPOSITE ACTION
SPAN 1
DEFLECTIONS DEAD LOADS EFFECTS (in)
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 0.00: -0.07 -0.13 -0.17 -0.18 -0.17 -0.14 -0.10 -0.05 -0.02 0.00:!
Concrete Deck 0.00 -0.31 -0.57 -0.74 -0.80 -0.75 -0.62 -0.43 -0.24 -0.07 0.00
Concrete Haunch 0.00: 0.00 0.00 -0.01 -0.01 -0.01 -0.01 0.00:! 0.00 0.00: 0.00:!
Stay-in-Place Forms 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00
Miscellaneous 0.00: -0.01 -0.02 -0.02 -0.03 -0.02 -0.02 -0.01 -0.01 0.00: 0.00:
DC (Barriers) 0.00 -0.05 -0.10 -0.12 -0.13 -0.13 -0.10 -0.07 -0.04 -0.01 0.00
DW (Future Wearing Sur) 0.00:! -0.11 -0.20 -0.26 -0.28 -0.26 -0.22 -0.15 -0.08 -0.03 0.00:
TOTAL CAMBER 0.000 0.557 1.021 1.326 1.439 1.355 1.115 0.781 0.424 0.131 0.000
SPAN 2
DEFLECTIONS DEAD LOADS EFFECTS
LOCATION
LOAD COMPONENT 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 0.6L 0.7L 0.8L 0.9L 1.0L
Steel Beam self-weight 0.00: -0.02 -0.05 -0.10 -0.14 -0.17 -0.18 -0.17 -0.13 -0.07 0.00:
Concrete Deck 0.00 -0.07 -0.24 -0.43 -0.62 -0.75 -0.80 -0.74 -0.57 -0.31 0.00
Concrete Haunch 0.00: 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.01 0.00 0.00: 0.00:!
Stay-in-Place Forms 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.00
Miscellaneous 0.00: 0.00 -0.01 -0.01 -0.02 -0.02 -0.03 -0.02 -0.02 -0.01 0.00:
DC (Barriers) 0.00 -0.01 -0.04 -0.07 -0.10 -0.13 -0.13 -0.12 -0.10 -0.05 0.00
DW (Future Wearing Sur) 0.00:! -0.03 -0.08 -0.15 -0.22 -0.26 -0.28 -0.26 -0.20 -0.11 0.00:
TOTAL CAMBER 0.000 0.131 0.424 0.781 1.115 1.355 1.439 1.326 1.021 0.557 0.000

7.5.2 PERMANENT DELFECTION - According to AASHTO 3.6.1.3.2
The deflection should be taken as the larger of:
i) That resulting from the design truck alone, or

i) That resulting from 25 percent of the design truck taken together with the design lane load
It is assumed that all design lanes are loaded and that all supporting components are assumed to deflect equally (AASTHO article 2.5.2.6.2
Live-load deflection is checked using the live-load portion of SERVICE | load combination, including the appropriate dynamic load allowance

Number of Lanes= 2.00 Lanes
Load Combination? Service | According to AASHTO 2.5.2.6.2
Ay max< Span Live Load Factor= 1.00 LL+IM
800 Distribution Factor= 0.40 Trucks
(#Lanes/#Beams)
SPAN Span Length | Bryccmax Bane max Biiv max B max Byimit (Sp/800)
(ft) (in) (in) (in) (in) (in)
SPAN 1 110.00 0.80 0.29 0.80 0.80 1.65 OK |
SPAN 2 110.00 0.80 0.29 0.80 0.80 1.65 OK |
26 of 26
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APPENDIX D. LIFE-CYCLE PROFILES FOR INDIANA BRIDGES

This appendix presents the different life-cycle cost profiles considered for each one of the

superstructures analyzed in this document. Those presented in Chapter 6 are the most cost-effective
LCCP for each of the superstructure types used.

1. CONCRETESLAB

Service Life: 58 years Moomen et al (2016)
1.1. INDOT routine procedure

Bridge Construction

Bridge Reconstruction

Deck overlay Deck overlay

Sealingand Cleaning

Cleaning/washing

Cleaning/washing
0 | |20 | |20 |20 | Jao | Iso0 58
Life-cycle (Years)

1.2. Alternative A: Modified INDOT routine procedure

Bridge Construction

Bridge Reconstruction

Deck overlay
Sealing and Cleaning Sealingand Cleaning
Cleaning/washing
0 | |20 | |20 | |20 | Jao | Iso0 | 58
Life-cycle (Years)
1.3. Alternative B: Alternative INDOT routine procedure
Bridge Construction
Bridge Reconstruction
Deck overlay
Deck patching Deck patching Deck patching Deck patching

Sealing and
Cleaning

Cleaning/washing
0 |0 |20 |20 | Jao |so 58
Life-cycle (Years)




2. PRESTRESSED CONCRETE BEAM - BEARINGS INCLUDED

Service Life: 65 years Moomen et al (2016)
2.1. INDOT routine procedure
21

Bridge Construction

Deck Replacement

Bearing Replacement

Bridge Reconstruction

Deck overlay
| sealing and Cleaning Sealing and Cleaning
Cleaning/washing
0 | |0 | |20 | | ES) | Jso |so | Jeo
Life-cycle (Years)
2.2. Modified INDOT routine procedure
2.2 Alternative A
Deck Replacement

Bridge Construction

Sealingand Oeaning

| 1111

Bearing Replacement

Sealingand Cleaning

H

|

Bridge Reconstruction

Cleaning/washing

o I N N [ E B
Life-cycle (Years)
2.3. Alternative INDOT routine procedure
2.3Alternative B
Deck Replacement
Bridge Construction
Bearing Replacement Bridge Reconstruction
Deck patching Deck patching Deck patching Deck patching Deck patching
! sealingand Sealingand
Cleaning Cleaning
Cleaning/washing
o |0 | |20 | EN) | | ) |so | EY

Life-cycle (Years)
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3. PRESTRESSED CONCRETE BOX

Service Life: 60 years
3.1. INDOT routine procedure

Moomen et al (2016)

Bridge Construction

Deck overay

]'Sealingand Cleaning

Cleaning/washing

Deck Replacement

Bridge Reconstruction
Bearing Replacement

Sealingand Cleaning

0 | |0 20

|EN)

Life-cyde (Years)

3.2. Modified INDOT routine procedure
3.2.1Alternative A

Bridge Construction

Sealingand Cleaning

| |

Deck Replacement

Iso | 50

Bridge Reconstruction

Bearing Replacement

Sealingand deaning

H

Cleaning/washing

0 | Jo | 20

|0

Life-cycle (Years)

3.3. Alternative INDOT routine procedure

|50 | 60

3.3 Alternative B
Deck Replacement
Bridge Construction
Bridge Reconstruction
Bearing Replacement
Deck patching Deck patching Deck patching Deck patching
| Sealingand Sealingand
Cleaning Cleaning
Cleaning/washing
0 |0 20 ER) | 10 [s0 60

Life-cyde (Years)

D-3




4. STRUCTURAL STEEL ELEMENTS - PAINTED CORROSION PROTECCTION

Service Life: 80 years
4.1 INDOT routine procedure
4.11.

Bridge Construction

Sinha et al (2009)

Deck Replacement

Bearing Re place ment

Bridge Reconstruction

|C|ear|ing;'washing

Bridge Reconstruction

|C|ear|ing;'washing

Deck overlay Deck overlay
Repainting
Sealing and Cleaning
Sealingand Cleaning Repainting
Cleaning/washing
o | o] Z EN fo ] o eo ] o [0
Life-cycle (Years)
4.1.2 Alternative A
Deck Replacement
Bridge Construction
Bearing Replacement
Deck overlay Deckoverlay
Sealing and Cleaning Spot painting Spot painting alineand Cleani
e Spot painting
Spot painting, l l
Spot painting Spot painting Spot painting
b | o] o] o fo ] o] o] o [

4.2 Modified INDOT routine procedure
4.21
4.2.1 Alternative B

Bridge Construction

Sealing and Cleaning

Life-cycle (Years)

Deck Replacement

Bearing R 1t

Repainting

Re painting
Sealingand Cleaning

Y O

Bridge Reconstruction

|

7]

|C|ear|ing;'washing

lo |0

20 E3 [ 40 |s0 60 |0
Life-cycle (Years)
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4.2.2 Alternative €

Deck Replacement

Bearing Replacement
Bridge Construction
spot painting Spot painting Bridge Reconstruction
Spot painting
Spot painting L .
Spot painting Spot painting Spot painting
Sealingand Cleaning Sealingand Cleaning
‘ |Clsaning,fwashing
T o T & T ® T = T & T & T = 1 I
Life-cycle (Years)
4.3. Alternative INDOT routine procedure
4.3.1
4.3.1 Alternative D
Deck Replacement
Bridge Construction
Bearing Replacement Repainting

Deck patching ~ Deck patching

Deck patching

Repainting

Deck patching

Bridge Reconstruction

Deck patching Deck patching

Sealing Sealing
and and
Cleaning Cleaning
‘ Cleaning/washing
lo i) |20 |EY \ Jao | |E |so |70 20
Life-cycle (Years)
4.3.2 Alternative E
Deck Replacement
Bearing Replacement
Bridge Construction
Bridge Reconstruction
Deck patching Deck patching Deck patching seali Deck patching Deck patching Deck patching
ealing
and
Cleaning
Sealing Spot painting o
and Spot painting
Cleanin, Spot paintin, -
potpainting Spot painting Spot painting Spot painting Spot painting
‘ Cleaning/washing
b fo ] o] o] o] ko] o] o o0

Life-cycle (Years)
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5. SIMPLY SUPPORTED FOR DEAD LOAD CONTIN UOUS FOR LIVE LOAD BEAMS (SDCL) - PAINTED CORROSION PROTECTION

Service Life: 55 years Sinha etal (2009)
5.1. INDOT routine proced ure
511
Bridge Construction Deck Replacement Repalnting
Bridge Reconstruction
Dedk overlay Dedk overlay
Repainting
Sealingand Cleaning
Sealingand Cleaning Repalmting
Cleaning/washing
| o] o o] le ] N ke | o [eo R
Life-cyde (Years)
5.1.2 Alternative A
Deck Replacement
Bridge Construction
Bridge Reconstruction
De ok overlay Sealingand Cleaning Deck overlay
Seallng and Cleaning Spotpainting Spot painting Spot painting Spot painting
Spot painting Spot painting
Spot painting
Spotpainting Spot palnting 3
Cleaning/washing
o 1 B 1T & T | T T I
Life-cyde (Years)
5.2, Modifled INDOT routine procedure
5.2.1 Aleernative B
Dedk Replacement
Bridge Construction
Bridge Reconstruction
Repainting Repainting Repalnting

Sealingand Cleaning Sealing and Cleaning

L1ttt rifgld

Sealing and Cleaning

L 11111

|L‘Iea ning/washing

| o] lo o] o] E I o] o1 B
Life-cyde (Years)
5.2.2 Alternative C
Deck Replacement
Bridge Construction
Bridge Reconstruction
Spotpalntl Spot pal nting
potp. ng Spot painting Spotpainting Spotpainting
Spotpainting
ot painting
Saot pa g Spot painting Spotpainting
Sealingand Cleaning Sealing and Cleaning Sealingand Cleaning
|Clea ning/washing
10 J20 | Ja0 | | ) |3 | [70 ) | )
Life-cyde (Years)
5.3, Aiternative INDOT routine procedure
5.3.1 Alternative D
Bridge Construction
Deck Replacement
Repalntin Repalntl
Repainting P & P "e Bridge Reconstruction
Deckpatching  Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching

Sealing Sealing

and and

Cleaning Cleaning

-
‘ Cleaning/washing
k | 10 |20 |EQ) | | ) |EX | B0 |70 E) 50
Life-cyde (Years)



5.3.2 Alternative E

Bridge Construction

Deck Replacement

Bridge Reconstruction

|deaning/washing

Deck patching Deck patching Deckpatching Deck patching Sealing Deck patching Deck patching Deck patching Deck patching

and
Cleaning

Sealing Spot painting o

- Spot painting Spot painting

Cleanin, Spot painting. - .

Spot painting Spot painting Spot painting Spot painting Spot painting
o | Jro Jo \ | ) [ [0 \ [so [ [eo [ro \ [eo 30 |

Life-cycle (Years)
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6. PRESTRESSED CONCRETE BEAM - DIAPHRAGMS AND INTEGRAL ABUTMENTS INCLUDED
Service Life: 80 years Moomen et al (2016)
6.1. INDOT routine procedure

Bridge Construction Deck Replacement

Bridge Reconstruction

Deck overlay Deck overlay

Sealingand Cleaning Sealingand Cleaning

Cleaning/washing

Cleaning/washing
0 | o ] o] N o] o | o] 7o 80
Life-cycle (Years)

6.2. Alternative A: Modified INDOT routine procedure

Bridge Construction Deck Replacement

Bridge Reconstruction

Cleaning/washing
T kT =T Rk T = I & I =& T = 20
Life-cycle (Years)

6.3. Alternative B: Alternative INDOT routine procedure

Bridge Construction Deck Replacement

Bridge Reconstruction
Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching
Sealingand
l Cleaning
‘ Cleaning/washing
lo |20 |20 |30 \ Jao |so |eo ) 20

Life-cycle (Years)
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7. STRUCTURAL STEEL ELEMENTS - GALVANIZED CORROSION PROTECCTION

Service Life: 115 years
7.1 INDOTroutine procedure
711

De ck Replacement

Bridge Construction

Bearing Replacement
Bridge Reconstruction
Deckoverlay Deck overlay
Sealing and Cleaning

H&alirgandcleaning

Cleaning/washing i

[ Cleaning/washing
lo | |10 | ) |30 | |20 | |0 |60 Io |s0 | 100
Life-cycle (Years)

7.2 Modified INDOT routine procedure
7.2.1 Alternative A

DeckReplacement

Bridge Construction

T g perpered

o T o T o T | o1 o1 | o1 oo T Jroo
Life-cycle (Years)

o
7.3 Alternative INDOT routine procedure

7.31 Alternative B

Deck Replacement

Bridge Construction

Bearing Bridge Reconstruction
Dackpatching  Deckpatching  Deckpatching  Deck patching Deckpatching  Deckpatching  Deckpatching  Deckpatching
Sealing Sealing
and and
Cleaning ﬂ Cleaning
[ Cleaning/washing
o | 10 | ) |30 | l20 | |so ls0 o |E3 | |E8) 100

Life-cycle (Years)
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8. SIMPLY SUPPORTED FOR DEAD LOAD CONTINUOU'S FOR LIVE LOAD BEAMS (SDCL) - GALVANIZED CORROSTION PROTECTION

Service Life 115 years
&1 INDOT routine procedure
Bridge Construction Deck Replacement Deck Replacement
Bridge Reconstruction
Deckoverlay Deck overlay Deck overlay
Sealingand Cleaning Sealingand Cle aning
Sealingand Cleaning
Cleaning/washing
Cleaning/washing
g \ o] & o lo [0 lo 1 o] o] o] Joo ] |ED
Life-cyde (Years)
&2 A Modified INDOT |
Bridge Construction Deck Replacement Deck Replacement
Bridge Reconstruction

Sealingand Cleaning

l

Sealingand Cleaning

| 1111

l

| Cleaning/washing

O o] [0 & [T EN o o] ol o] foo ] ECH
Life-cyde (Years)
&3. Altemative B Alternative INDOT routine procedure
Bridge Construction
Deck Replacement Deck Replacement
Bridge Reconstruction
Deckpatching  Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching Deck patching
U sealing Sealing Sealing and
and and Cleaning
Cleaning Cleaning l
[ Cleaning/washing
o1 o] o] o [T N o1 o] [N o oo | luo
Life-cyde (Years)



APPENDIX E. LIFE-CYCLE COST INPUT FOR MATLAB

clear all, clc

% LIFE CYCLE COST ANALYSIS - DETERMINITIC APPROACH

%$GENERAL COMMENTS

% Description

o
i

CONCRETE SLAB ANALYSIS

o
N

PRESTRESSED CONCRETE BOX BEAMS ANALYSIS

% 3. PRESTRESSED CONCRETE AASHTO BEAMS ANALYSIS

% 4. STEEL BEAM 4 BEAMS ANALYSIS

% 5. STEEL BEAM 5 BEAMS ANALYSIS

% 6. STEEL FOLDED PLATE BEAM ANALYSIS

% 7. PRESTRESSED CONCRETE BULB TEE BEAMS ANALYSIS

% 8. STEEL GIRDER 5 BEAM ANALYSIS

% 9. PRESTRESSED CONCRETE AASHTO BEAMS ANALYSIS (Concrete diaphragms at
supports)

% 10. PRESTRESSED CONCRETE BULB TEE BEAMS ANALYSIS (Concrete diaphragms at
supports)

o

11. STEEL BEAM 4 BEAMS ANALYSIS (Galvanized)

o\

12. STEEL BEAM 5 BEAMS ANALYSIS (Galvanized)

% 13. STEEL GIRDER 5 BEAM ANALYSIS (Galvanized)

o\

14. SDCL 4 BEAMS ANALYSIS

oo

15. SDCL 5 BEAMS ANALYSIS

o\

16. SDCL 4 BEAMS ANALYSIS (Galvanized)

oo

17. SDCL 5 BEAMS ANALYSIS (Galvanized)

% INTEREST EQUATIONS FOR DISCRETE AND CONTINUOUS COMPOUNDING

o

LIFE CYCLE STANDARIZED PROFILES

o
o

%$General Values

wab=; % Washing and Clenaning of decks
Ob=; % Overlay
Seb=; % Sealing and cleaning cracks
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Dpb=; %

BDRb=; S
Cwbb=; %
BRb=; %

superstructure Element
W=, %

RPb=; %

o]
]
[0}
3
Il
o

0
=
()
Q
Il
o

%$%1 Concrete Slab

SCSpans=[L1 L2 ; Pl P2
matrix [span length ;

LCCCSM=zeros (size (SCSp
%$%2 Prestressed Concre

SPboxpans=[L1 L2 ; P1
matrix [Span ; Initial
reinforcement of deck

LCCPCBoxM=zeros (size (S
%$%3 Prestressed Concre

SPbeampans=[L1 L2 ; Pl
matrix [Span ; Initial
reinforcement of deck

LCCPCBeamM=zeros (size (
%$%4 Steel Rolled Beam

SSB4Bpans=[L1 L2 ; P1
matrix [Span ; Initial
reinforcement of deck;

LCCSB4M=zeros (size (SSB
%%5 Steel Rolled Beam

SSB5Bpans=[L1 L2 ; P1
matrix [Span ; Initial
reinforcement of deck;

LCCSB5M=zeros (size (SSB

%$%6 Steel Folded Plate

Deck Patching
Bridge deck reconstruction
Cleaning and washing of bearings

Elastomeric bearing replacement + Jacking
s

Width of the bridge
Bridge repainting
Bridge spot painting
Bridge removal

Structural Steel recylce

; N1 N2]°';
Initial cost ; Number of Spans]

ans, 1) *3,06);
te Box

P2 ; Pel Pe2 ; R1 R2 ; N1 N2]';
cost ; Exposed perimeter of beams (ft) ;
; Number of Spans]

Pboxpans, 1) *6,6) ;
te AASTHO Beam

P2 ; Pel Pe2 ; R1 R2 ; N1 N2]';
cost ; Exposed perimeter of beams (ft) ;
; Number of Spans]

SPbeampans, 1) *3,6) ;
(4 beam configuration)

P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]';
cost ; Exposed perimeter of beams (ft) ;
Structural Steel weight ; Number of Spans

4Bpans, 1) *12,6);
(5 beam configuration)

P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]';
cost ; Exposed perimeter of beams (ft) ;
Structural Steel weight ; Number of Spans

5Bpans, 1) *12,6);

E-2

o\°

Main input

Q

% Main input
Cost of

Q

% Main input
Cost of

% Main input
Cost of
]

% Main input
Cost of
]



SSFPMpans=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]°'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSFPM=zeros (size (SSFPMpans, 1) *12,6);
%%7 Prestressed Concrete Bulb Tee

SPCBTMpans=[L1 L2 ; Pl P2 ; Pel Pe2 ; Rl R2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck ; Number of Spans]

LCCPCBTM=zeros (size (SPCBTMpans, 1) *3,6) ;
%%8 Steel Plate Girder (5 Beam Configuration)

SSG5Bpans=[L1 L2 ; Pl P2 ; Pel Pe2 ; Rl R2 ; S1 S2 ; N1 N21'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSSG5M=zeros (size (SSG5Bpans, 1) *12,6);
%%9 Prestressed Concrete AASTHO Beam (Concrete diaphragms at supports)

SPbeampansd=[L1 L2 ; Pl P2 ; Pel Pe2 ; Rl R2 ; N1 N21'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck ; Number of Spans]

LCCPCBeamMd=zeros (size (SPbeampansd, 1) *3,6) ;
%%10 Prestressed Concrete Bulb Tee (Concrete diaphragms at supports)

SPCBTMpansd=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck ; Number of Spans]

LCCPCBTMd=zeros (size (SPCBTMpansd, 1) *3,6) ;
%%11 Steel Rolled Beam (4 beam configuration Galvanized)

SSB4Bpansg=[L1 L2 ; Pl P2 ; Pel Pe2 ; RL R2 ; S1 S2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSB4Mg=zeros (size (SSB4Bpansg,l) *3,6) ;
%%12 Steel Rolled Beam (5 beam configuration Galvanized)

SSB5Bpansg=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSBS5Mg=zeros (size (SSB5Bpansg,l) *3,6) ;
%%13 Steel Plate Girder (5 Beam Configuration Galvanized)

SSG5Bpansg=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSSG5Mg=zeros (size (SSG5Bpansg, 1) *3,6) ;

X

%$14. SDCL 4 Beams
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SSDCL4Bpans=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSDCL4M=zeros (size (SSDCL4Bpans, 1) *6,6) ;

X

%$15. SDCL 5 Beams

SSDCL5Bpans=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1l N2]'; % Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSDCL5M=zeros (size (SSDCL5Bpans, 1) *6,6) ;
%16 SDCL 4 Beams (4 beam configuration Galvanized)

SSDCL4Bpansg=[L1 L2 ; Pl P2 ; Pel Pe2 ; Rl R2 ; S1 S2 ; N1 N2]';% Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSDCL4Mg=zeros (size (SSDCL4Bpansg, 1) *3,6) ;
%17 SDCL 5 Beams (5 Beam Configuration Galvanized)

SSDCL5Bpansg=[L1 L2 ; Pl P2 ; Pel Pe2 ; R1 R2 ; S1 S2 ; N1 N2]';% Main input
matrix [Span ; Initial cost ; Exposed perimeter of beams (ft) ; Cost of
reinforcement of deck; Structural Steel weight ; Number of Spans]

LCCSDCL5Mg=zeros (size (SSDCL5Bpansg, 1) *3,6) ;

inf=11:0.01:12; $DISCOUNT RATE RANGE

for z=0:size(inf,2)-1

in=inf (1, z+1);

o\
o\

%1. Concrete Slab Life-cycle cost

SL=58; % Service Life
LCS=LCCAS (SCSpans,LCCCSM, in,SL,W,wab,0Ob, Seb, Dpb,Brem) ;
LCCS(:,1)=LCS(:,1);

LCCS(:,2)=LCS(:,2);

LCCS(:,3)=LCS(:,3);

LCCS(:,4)=LCS(:,4);

LCCS(:,2*z+5)=LCS(:,5);

LCCS(:,2%z+6)=LCS(:,6);
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%2 . Prestressed Concrete Box Beam Life-cycle cost

SL=60; % Service Life

o)

NumBeam=5; % Number of Beams

LCB=LCCAPCB (SPboxpans, LCCPCBoxM, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Num
Beam) ;

LCCB(:,1)=LCB(:,1);
LCCB(:,2)=LCB(:,2);
LCCB(:,3)=LCB(:,3):;
LCCB(:,4)=LCB(:,4);
LCCB(:,2*z+5)=LCB(:,5);

LCCB(:,2*z+6)=LCB(:,06);

%3. Prestressed Concrete Beam Life-cycle cost

SL=65; % Service Life

[

NumBeam=6; % Number of Beams

LCAB=LCCAPC (SPbeampans, LCCPCBeamM, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, N
umBeam) ;

LCCAB(:,1)=LCAB(:,1);
LCCAB(:,2)=LCAB(:,2);
LCCAB(:,3)=LCAB(:,3);
LCCAB(:,4)=LCAB(:,4);
LCCAB(:,2*z+5)=LCAB(:,5);

LCCAB(:,2*z+6)=LCAB(:,06);

%4. Steel Beam 4 Beams Life-cycle cost
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SL=80; % Service Life

[

NumBeam=4; % Number of Beams

LCSS4B=LCCASS (SSB4Bpans, LCCSB4M, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Num
Beam, SPb, RPb, Srec) ;

LCCSS4B(:,1)=LCSS4B(:,1);
LCCSS4B(:,2)=LCSS4B(:,2);
LCCSS4B(:,3)=LCSS4B(:,3);
LCCSS4B(:,4)=LCSS4B(:,4);
LCCSS4B(:,2*z+5)=LCSS4B(:,5);

LCCSS4B(:,2*z+6)=LCSS4B(:,0) ;

o\
o\

%5. Steel Beam 5 Beams Life-cycle cost

SL=80; % Service Life

Q

NumBeam=5; % Number of Beams

LCSS5B=LCCASS (SSB5Bpans, LCCSB5M, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Num
Beam, SPb, RPb, Srec) ;

LCCSS5B(:,1)=LCSS5B(:,1);
LCCSS5B(:,2)=LCSS5B(:,2);
LCCSS5B(:,3)=LCSS5B(:,3);
LCCSS5B(:,4)=LCSS5B(:,4);
LCCSS5B(:,2*%z+5)=LCSS5B(:,5);

LCCSS5B(:,2*z+6)=LCSS5B(:,06);

o
o

%6. Steel Folded Plate Beam Life-cycle cost

SL=80; % Service Life

Q

NumBeam=6; % Number of Beams
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LCSSFP=LCCASS (SSFPMpans, LCCSFPM, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Num
Beam, SPb, RPb, Srec) ;

LCCSSFP(:,1)=LCSSFP(:,1);
LCCSSFP(:,2)=LCSSFP(:,2);
LCCSSFP(:,3)=LCSSFP(:,3);
LCCSSFP(:,4)=LCSSEFP(:,4);
LCCSSFP(:,2*z+5)=LCSSFP(:,5);

LCCSSFP(:,2*z+6)=LCSSFP(:,6);

%7. Prestressed Concrete Bulb Tee Beam Life-cycle cost

SL=65; % Service Life

o)

NumBeam=5; % Number of Beams

LCBT=LCCAPC (SPCBTMpans, LCCPCBTM, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Num
Beam) ;

LCCBT (:,1)=LCBT(:,1);
LCCBT (:,2)=LCBT (:,2);
LCCBT (:, 3)=LCBT (:, 3);
LCCBT (:, 4)=LCBT (:,4);
LCCBT (:,2*2z+5)=LCBT (:,5) ;

LCCBT (:,2*z+6)=LCBT (:,6);

o\
o\

%8. Steel Girder 5 Beams Life-cycle cost

SL=80; % Service Life

[o)

NumBeam=5; % Number of Beams

LCSG5B=LCCASS (SSG5Bpans, LCCSSG5M, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, Nu
mBeam, SPb, RPb, Srec) ;

LCCSG5B(:,1)=LCSG5B(:,1);
LCCSGS5B(:,2)=LCSG5B(:,2);

LCCSG5B(:,3)=LCSG5B(:,3);
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LCCSG5B(:,4)=LCSG5B(:,4);
LCCSG5B(:,2*z+5)=LCSG5B(:,5);

LCCSG5B(:,2*2z+6)=LCSG5B(:,06);

o
o

%9. Prestressed Concrete Beam Life-cycle cost (Concrete Diaphragms at

$supports)
SL=80; $ Service Life
NumBeam=6; % Number of Beams

LCABD=LCCAPCD (SPbeampansd, LCCPCBeamMd, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Br
em, NumBeam) ;

LCCABD(:,1)=LCABD(:,1);
LCCABD(:,2)=LCABD(:,2);
LCCABD(:,3)=LCABD(:,3);
LCCABD(:,4)=LCABD(:,4);
LCCABD(:,2*z+5)=LCABD(:,5);

LCCABD(:,2*z+6)=LCABD(:,6);

oe
oe

%10. Prestressed Concrete Bulb Tee Beam Life-cycle cost (Concrete Diaphragms
at

%supports)
SL=80; % Service Life
NumBeam=5; % Number of Beams

LCBTD=LCCAPCD (SPCBTMpansd, LCCPCBTMd, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem
, NumBeam) ;

LCCBTD(:,1)=LCBTD(:,1);
LCCBTD(:,2)=LCBTD(:,2);
LCCBTD(:, 3)=LCBTD(:, 3);
LCCBTD(:,4)=LCBTD(:,4);

LCCBTD(:,2*z+5)=LCBTD(:,5);
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LCCBTD (:,2*z+6)=LCBTD (:,6) ;

o\
o\

%$11. Steel Beam 4 Beams Life-cycle cost (Galvanized)

SL=100; % Service Life

[

NumBeam=4; % Number of Beams

LCSS4BG=LCCASSG (SSB4Bpansg, LCCSB4Mg, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem
, NumBeam, SPb, RPb, Srec) ;

LCCSS4BG(:,1)=LCSS4BG(:,1);
LCCSS4BG(:,2)=LCSS4BG(:,2);
LCCSS4BG (:,3)=LCSS4BG(:,3);
LCCSS4BG(:,4)=LCSS4BG(:,4);
LCCSS4BG(:,2*z+5)=LCSS4BG(:,5);

LCCSS4BG (:,2%z+6)=LCSS4BG (1, 6) ;

o
o

\o

$12. Steel Beam 5 Beams Life-cycle cost

SL=100; % Service Life

Q

NumBeam=5; % Number of Beams

LCSS5BG=LCCASSG (SSB5Bpansg, LCCSB5Mg, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem
, NumBeam, SPb, RPb, Srec) ;

LCCSS5BG(:,1)=LCSS5BG(:,1);
LCCSS5BG(:,2)=LCSS5BG(:,2);
LCCSS5BG(:,3)=LCSS5BG(:,3);
LCCSS5BG(:,4)=LCSS5BG(:,4);
LCCSS5BG(:,2*z+5)=LCSS5BG(:,5);

LCCSS5BG (:,2%z+6)=LCSS5BG (:, 6) ;

o
o

%$13. Steel Girder 5 Beams Life-cycle cost
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SL=100; % Service Life

[

NumBeam=5; % Number of Beams

LCSG5BG=LCCASSG (SSG5Bpansg, LCCSSG5Mg, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Bre
m, NumBeam, SPb, RPb, Srec) ;

LCCSG5BG (:,1)=LCSG5BG(:,1);
LCCSG5BG (:,2)=LCSG5BG(:,2);
LCCSG5BG (:,3)=LCSG5BG(:,3);
LCCSG5BG(:,4)=LCSG5BG(:,4);
LCCSG5BG(:,2*z+5)=LCSG5BG(:,5);

LCCSG5BG (:,2*%z+6)=LCSG5BG (:, 6) ;

o\
o\

\o

$14. SDCL 4 Beams Life-cycle cost

SL=80; % Service Life

Q

NumBeam=4; % Number of Beams

LCSSDCL4B=LCCASDCL (SSDCL4Bpans, LCCSDCL4M, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb
, Brem, NumBeam, SPb, RPb, Srec) ;

LCCSSDCL4B (:,1)=LCSSDCL4B (:,1) ;
LCCSSDCL4B (:,2)=LCSSDCL4B (:,2) ;
LCCSSDCL4B (:, 3) =LCSSDCL4B (:, 3) ;
LCCSSDCL4B (:,4)=LCSSDCL4B (:, 4) ;
LCCSSDCLA4B (:,2%z+5) =LCSSDCL4B (:,5) ;

LCCSSDCLAB (:,2*z+6) =LCSSDCL4B (:, 6) ;

o
o

\o

$15. SDCL 5 Beams Life-cycle cost

SL=80; % Service Life

Q

NumBeam=5; % Number of Beams
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LCSSDCL5B=LCCASDCL (SSDCL5Bpans, LCCSDCL5M, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb
, Brem, NumBeam, SPb, RPb, Srec) ;

LCCSSDCL5B (:,1)=LCSSDCL5B (:,1) ;
LCCSSDCL5B (:,2) =LCSSDCL5B (:,2) ;
LCCSSDCL5B (:, 3) =LCSSDCL5B (:, 3) ;
LCCSSDCL5B (:, 4) =LCSSDCL5B (:, 4) ;
LCCSSDCL5B (:,2*z+5) =LCSSDCLSB (:,5) ;

LCCSSDCL5B(:,2*z+6)=LCSSDCL5B(:,6) ;

oe
oe

o

316. SDCL 4 Beams Life-cycle cost (Galvanized)

SL=80; % Service Life

o)

NumBeam=4; % Number of Beams

LCSSDCL4Bg=LCCASDCLG (SSDCL4Bpansg, LCCSDCL4Mg, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRDb,
Cwbb, Brem, NumBeam, SPb, RPb, Srec) ;

LCCSSDCL4Bg(:,1)=LCSSDCL4Bg(:,1);
LCCSSDCL4Bg (:,2)=LCSSDCL4Bg (:,2) ;
LCCSSDCL4Bg (:,3) =LCSSDCL4Bg (:, 3) ;
LCCSSDCL4Bg (:,4)=LCSSDCL4Bg(:,4);
LCCSSDCLA4Bg (:,2*z+5) =LCSSDCL4Bg (:,5) ;

LCCSSDCL4Bg (:,2%z+6) =LCSSDCL4Bg (:, 6) ;

o
o

o

$17. SDCL 5 Beams Life-cycle cost (Galvanized)

SL=80; % Service Life

o)

NumBeam=5; % Number of Beams

LCSSDCL5Bg=LCCASDCLG (SSDCL5Bpansg, LCCSDCL5Mg, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRDb,
Cwbb, Brem, NumBeam, SPb, RPb, Srec) ;

LCCSSDCL5Bg (:,1)=LCSSDCL5Bg(:,1);

LCCSSDCL5Bg (:,2)=LCSSDCL5Bg (:,2) ;



LCCSSDCL5Bg (:, 3)=LCSSDCL5Bg (:,3) ;
LCCSSDCL5Bg (:,4)=LCSSDCL5Bg(:,4);
LCCSSDCL5Bg (:,2*z+5)=LCSSDCL5Bg (:,5) ;

LCCSSDCL5Bg (:,2*z+6)=LCSSDCL5Bg(:,6);

end

oe
oe

SINTEREST EQUATIONS FOR DISCRETE AND CONTINUOUS COMPOUNDING

function F = SPCAF (i,N) $Single payment compound amount
factor. Future value do to a single present cost

F=(1+1) .”N;
end

function P = SPPWF (i,N) %$5ingle payment worth factor.
Present value of a single future cost

P=1./((1+1).7N);
end

function A = SFDF (i,N) %Sinking fund deposit factor.
Equally distributed payments equivalet to a future cost

A=i./(((1+1).7N)-1);
end

function F = USCAF (i, N) %Uniform series compound amount
factor. Future value equivalent to a equally distributed payments

F=(((1+1i) .”"N)-1)./1i;
end

function P = USPWEF (i, N) %Uniform series present worth
factor. Present value equivalent to a equially distributed payments

P=(((1+1) ."N)=-1)./(1.*((1+1).7"N));
end

function A = CRF (i,N) $Capital recovery facotr. Equally
distributed payments equivalent to a present cost.

A=(1.*((1+1).7N)) ./ (((1+1).7"N)-1);
end

function C = LCCAP (i,N,P) %Capital recovery facotr. Equally
distributed payments equivalent to a present cost.
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C=P./ (((1+1i)."N)-1);

end

oe
oe

$LIFE CYCLE STANDARIZED PROFILES

%1. Concrete Slabs

function LCCPCM = LCCAS (Spans,Analysis,in,SL,W,wab,Ob, Seb,Dpb,Brem)

for k=0:size(Spans,1l)-1
L=Spans (k+1,1);

BC=Spans (k+1,2);
bridge construction cost

BCL=BC*SPCAF (in, SL) ;
future cost

Area=L*W;

wa=wab*Area;
cleaning of deck

waL=wa*USCAF (in, SL) ;
cleaning of deck future cost annually distributed

O=0Ob*Area;

Se=Seb*Area;
cleaning od cracks

Dp=Dpb*Area*0.1;
area patched

BRem= Brem*Area;
value, cost at the end of the Service Life

o
o

%$Life-cycle profile 1.1 INDOT Routine procedure
%Years in which Overlays are done.
AcYO=[25 50]"';
AcYOL=zeros (length (AcYO),1);
for i=1l:1length (AcYO)
AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1)):

end

%Years in which Sealing procedures are done.
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AcYSe=[0]";
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)
AcYSelL (i,1l)= Se.*SPCAF (in, SL-AcYSe(i,1));

end

Analysis (3*k+1,1)=1.1;

Analysis (3*k+1,2)=L;

Analysis (3*k+1, 3)=BCL+sum (AcYOL) +sum (AcYSel)+walL+BRem;
Analysis (3*k+1,4)=SL;

Analysis (3*k+1,5)=in;

Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis(3*k+1,4),Analysis (3*k+1,3)
);

o
o

$Life-cycle profile 1.2. Reccommended INDOT routine Procedure
%Years in which Overlays are done.
AcYO=[40]";
AcYOL=zeros (length (AcYO),1);
for i=1:1length (AcYO)
AcCYOL (i,1)= O.*SPCAF(in,SL-AcYO(i,1));

end

%$Years in which Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe), 1),
for i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end
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Analysis (3*k+2,1)=1.2;

Analysis (3*k+2,2)=L;

Analysis (3*k+2, 3)=BCL+sum (AcYOL) +sum (AcYSel)+walL+BRem;
Analysis (3*k+2,4)=SL;

Analysis (3*k+2,5)=in;

Analysis (3*k+2,6)=LCCAP (Analysis (3*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
);

o\
o\

$Life-cycle profile 1.3. Alternative INDOT routine Procedure
%Years in which Overlays are done.
AcYO=[30]"';
AcYOL=zeros (length (AcYO),1);
for i=1:1length (AcYO)
AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=1[01];
AcYDpL=zeros (length (AcYDp), 1),
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*i;
end
for i=1l:1length (AcYDp)
j=1;
if AcYDp (i, 1l)==AcYO(j,1)
AcYDpL (i, 1)=0;
J=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in,SL-AcYDp(i,1));
end

end
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Analysis (3*k+3,1)=1.3;

Analysis (3*k+3,2)=L;

Analysis (3*k+3,3)=BCL+sum(AcYOL) +sum (AcYDpL)+walL+BRem;
Analysis (3*k+3,4)=SL;

Analysis (3*k+3,5)=in;

Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)
);

end

LCCPCM=Analysis;

end

o
o

function LCCPCM = LCCAPC
(Spans,Analysis,in, SL,W,wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam)

for k=0:size(Spans,1l)-1

L=Spans (k+1,1); % Bridge Length

BC=Spans (k+1,2); % Length and Initial
bridge construction cost

BCL=BC*SPCAF (in, SL) ; % Bridge construction
future cost

Area=L*W;

wa=wab*Area; % Washing and

cleaning of deck

walL=wa*USCAF (in, SL) ; % Washing and
cleaning of deck future cost annually distributed

O=0b*Area; % Overlay

BDR=BDRb*Area; % Bridge Deck

Reconstruction cost

Se=Seb*Area; % Sealing and
cleaning of cracks

Dp=Dpb*Area*0.1; % 10% of the deck
area patched

BR=BRb*NumBeam* (1+Spans (k+1,5)); % Bearing
Replacement Cost

Cwb=Cwbb*NumBeam* (1+Spans (k+1,5)); % Cleaning and
Washing of Bearings
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o)

BRem= Brem*Area; % Bridge removal
value, cost at the end of the Service Life

o\
o\

$Life-cycle profile 2.1 INDOT Routine procedure
%Years in which Overlays are done.
AcYO=[25]";
AcYOL=zeros (length (AcYO),1);
for i=1:length (AcYO)

AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
AcYR=[45]";
AcYRL=zeros (length (AcYR),1);
for i=1:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 45]"';
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));
end
%Years in which bearing replacements are done.
AcCYBR=[45]"';
AcYBRL=zeros (length (AcYBR), 1)
for i=1l:length (AcCYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

Analysis (3*k+1,1)=2.11;
Analysis (3*k+1,2)=L;

Analysis (3*k+1, 3)=BCL+sum (AcYOL) +sum (AcYSel)+sum (AcYRL)+sum
(AcYBRL) +walL+BRem;

Analysis (3*k+1,4)=SL;
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Analysis (3*k+1,5)=in;

Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis(3*k+1,4),Analysis (3*k+1,3)
);

o\
o\

$Life-cycle profile 2.2. Reccommended INDOT routine Procedure
%Years in which Deck Reconstruction is done.
AcYR=[40]1";
AcYRL=zeros (length (AcYR),1);
for i=1:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for 1i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

%Years in which bearing replacements are done.
AcYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

Analysis (3*k+2,1)=2.21;
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Analysis (3*k+2,2)=L;
Analysis (3*k+2,3)=BCL+sum (AcYRL) tsum (AcYSel)+walL+sum (AcYBRL)+BRem;
Analysis (3*k+2,4)=SL;
Analysis (3*k+2,5)=in;

Analysis (3*k+2, 6)=LCCAP (Analysis (3*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
)7

o
o

$Life-cycle profile 2.3. Alternative INDOT routine Procedure

%Years in which Deck Reconstruction is done.
AcCYR=[40]";

AcYRL=zeros (length (AcYR),1);

for i=1:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%$Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=1[01];
AcYDpL=zeros (length (AcYDp), 1),
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*i;
end
for i=1l:length (AcYDp)
J=1;
if AcYDp (i, 1l)==AcYR(j,1)
AcYDpL (i, 1)=0;
J=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in,SL-AcYDp(i,1));
end

end
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%Years in which bearing replacements are done.
AcYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

%Years in which Sealing procedures are done.
AcYSe=[0 401';
AcYSel=zeros (length (AcYSe), 1),
for i=1l:1length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

Analysis (3*k+3,1)=2.31;
Analysis (3*k+3,2)=L;

Analysis (3*k+3, 3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum (AcYSel)+waL+sum
(ACYBRL) +BRem;

Analysis (3*k+3,4)=SL;
Analysis (3*k+3,5)=in;

Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)
)7

end
LCCPCM=Analysis;

end

o
o

%$3. Prestressed Concrete Box beams

function LCCPCM = LCCAPCB
(Spans,Analysis, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam)

for k=0:size(Spans,1)-1

L=Spans (k+1,1); % Bridge Length
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BC=Spans (k+1,2);
bridge construction cost

BCL=BC*SPCAF (in, SL) ;
future cost

Area=L*W;

wa=wab*Area;
cleaning of deck

wal=wa*USCAF (in, SL) ;
cleaning of deck future cost annually distributed

O=0Ob*Area;

BDR=BDRb*Area;
Reconstruction cost

Se=Seb*Area;
cleaning od cracks

Dp=Dpb*Area*0.1;
area patched

BR=BRb*NumBeam* (1+Spans (k+1,5));
Bearing Replacement Cost

Cwb=Cwbb*NumBeam* (1+Spans (k+1,5));
Cleaning and Washing of Bearings

BRem= Brem*Area;
value, cost at the end of the Service Life

o
o

%$Life-cycle profile 3.1 INDOT Routine procedure
%Years in which Overlays are done.
AcYO=[25]";

AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)

AcYOL (i,1)= O.*SPCAF (in,SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
ACYR=[45]";

AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans
AcYR(1i,1));

end

%Years in which Sealing procedures are done.
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AcYSe=[0 45]';
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)
AcYSelL (i,1l)= Se.*SPCAF (in, SL-AcYSe(i,1));
end
%Years in which bearing replacements are done.
AcCYBR=[45]"';
AcYBRL=zeros (length (AcYBR),1);
for i=1:1length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

Analysis (3*k+1,1)=3.11;
Analysis (3*k+1,2)=L;

Analysis (3*k+1, 3)=BCL+sum (AcYOL) +sum (AcYSel)+sum (AcYRL)+sum
(ACYBRL) +waL+BRem;

Analysis (3*k+1,4)=SL;
Analysis (3*k+1,5)=in;

Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis (3*k+1,4),Analysis (3*k+1,3)
)7

o
o

%$Life-cycle profile 3.2. Reccommended INDOT routine Procedure
%Years in which Deck Reconstruction is done.
AcYR=[40]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcCYR(i,1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];

AcYSel=zeros (length (AcYSe),1);
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for i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):

end

%Years in which bearing replacements are done.
AcCYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:1length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

Analysis (3*k+2,1)=3.21;

Analysis (3*k+2,2)=L;

Analysis (3*k+2, 3)=BCL+sum (AcYRL) +sum (AcYSel)+walL+sum (AcYBRL)+BRem;
Analysis (3*k+2,4)=SL;

Analysis (3*k+2,5)=in;

Analysis (3*k+2,6)=LCCAP (Analysis (2*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
) ;

o
o

%$Life-cycle profile 3.3. Alternative INDOT routine Procedure

%Years in which Deck Reconstruction is done.
AcYR=[40]1";

AcYRL=zeros (length (AcYR),1);

for i=1:length (AcYR)

AcCYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end

%Years in which Deck patching procedures are done.
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Dpfreg=10;
AcYDp=I[0];
AcYDpl=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp (i, 1)=(Dpfreq) .*i;
end
for i=1:1length (AcYDp)
j=1;
if AcYDp (i, 1l)==AcYR(j,1)
AcYDpL (i, 1)=0;
J=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end

end

%Years in which bearing replacements are done.
AcYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

%Years in which Sealing procedures are done.
AcYSe=[0 40]"';
AcYSel=zeros (length (AcYSe), 1),
for i=1l:1length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

Analysis (3*k+3,1)=3.31;
Analysis (3*k+3,2)=L;

Analysis (3*k+3, 3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum (AcYSel)+waL+sum
(ACYBRL) +BRem;
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Analysis (3*k+3,4)=SL;
Analysis (3*k+3,5)=in;

Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)
) ;

end
LCCPCM=Analysis;

end

o
o

%$4. Structural Steel Elements

function LCCPCM = LCCASS
(Spans,Analysis,in, SL,W,wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam, SPb, RPb, Sre
c)

for k=0:size(Spans,1l)-1
L=Spans (k+1,1); % Bridge Length

BC=Spans (k+1,2); % Length and Initial
bridge construction cost

BCL=BC*SPCAF (in, SL) ; % Length and Initial
bridge construction cost

Area=L*W; % Bridge construction
future cost

wa=wab*Area; % Washing and
cleaning of deck

walL=wa*USCAF (in, SL) ; % Washing and
cleaning of deck future cost annually distributed

BDR=BDRb*Area; % Bridge Deck
Reconstruction cost

O=0b*Area; % Overlay

Se=Seb*Area; % Sealing and

cleaning od cracks

Dp=Dpb*Area*0.1; % 10% of the deck
area patched

RatioP=0.10; $Percentage of
exposed area to spot paint

SP=SPb*Spans (k+1, 3) *Spans (k+1,1) *RatioP*NumBeam; % Spot painting Cost

RP=RPb*Spans (k+1, 3) *Spans (k+1, 1) *NumBeam; % Full repainting
Cost
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BR=BRb*NumBeam* (Spans (k+1,6)); %
Bearing Replacement Cost

Cwb=Cwbb*NumBeam* (Spans (k+1,6)); %
Cleaning and Washing of Bearings

BRem= Brem*Area; % Bridge removal
value, cost at the end of the Service Life

SRec= Srec*NumBeam*Spans (k+1,5); % Cost of structural
steel recycle per pound for all beams

o
o

%$Life-cycle profile 4.1 INDOT Routine procedure
%$Life-cycle profile 4.1.1 Single bearing replacement
%Years in which Overlays are done.
AcYO=[25 65]";
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)
AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
ACYR=[45]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in,SL-
ACYR(i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 45]';
AcYSel=zeros (length (AcYSe),1);
for i=l:length (AcYSe)
AcYSel (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):
end
%Years in which bearing replacements are done.
AcCYBR=[45]";
AcYBRL=zeros (length (AcYBR), 1) ;
for i=1l:length (ACYBR)
ACYBRL (i, 1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end
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%Years in which full repaintings are done.
AcYRP=[35 55]"';
AcYRPL=zeros (length (AcYRP),1);
for i=1l:length (AcYRP)
ACYRPL (i,1)= RP.*SPCAF (in, SL-AcYRP(i,1));

end

Analysis (6*k+1,1)=4.111;
Analysis(6*k+1,2)=L;

Analysis (6*k+1, 3)=BCL+sum (AcYOL) +sum (AcYSel)+sum (AcYRL)+sum (AcYBRL)+sum
(AcYRPL) +waL+BRem-SRec;

Analysis(6*k+1,4)=SL;
Analysis (6*k+1,5)=in;

Analysis (6*k+1,6)=LCCAP (Analysis(6*k+1,5),Analysis(6*k+1,4),Analysis (6*k+1,3)
);

o\
o\

$Life-cycle profile 4.1.2 Spot repainting of beam elements

%Years in which Overlays are done.
AcYO=[25 65]"';
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)

ACYOL (i,1)= O.*SPCAF(in,SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
AcYR=[45]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcCYR(i,1));

end

%Years in which Sealing procedures are done.
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AcYSe=[0 45]';
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)
AcYSelL (i,1l)= Se.*SPCAF (in, SL-AcYSe(i,1));
end
%Years in which bearing replacements are done.
AcCYBR=[45]"';
AcYBRL=zeros (length (AcYBR),1);
for i=1:1length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

%Years in which spot paintings are done.
SPfreg=10;
AcYSP=[0];
AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*1i;
end
for i=1l:length (AcYSP)
if AcYSP(i,1)==SL
AcCYSPL (i,1)=0;
else
ACYSPL (i,1l)= SP.*SPCAF(in, SL-AcYSP(i,1));
end

end

Analysis(6*k+2,1)=4.112;
Analysis (6*k+2,2)=L;

Analysis (6*k+2,3)=BCL+sum (AcYOL) +sum (AcYSelL)+sum (AcYRL)+sum (AcYBRL)+sum
(AcYSPL) +waL+BRem-SRec;

Analysis (6*k+2,4)=SL;

Analysis (6*k+2,5)=in;
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Analysis (6*k+2, 6)=LCCAP (Analysis (6*k+2,5),Analysis (6*k+2,4),Analysis (6*k+2,3)
)7

o
o

$Life-cycle profile 4.2. Reccommended INDOT routine Procedure
%$Life-cycle profile 4.2.1 Single bearing replacement
%Years in which Deck Reconstruction is done.
AcCYR=1[40]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in,SL-
ACYR(i,1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for 1=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*1i;
end
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in, SL-AcYSe(i,1));

end

%Years in which bearing replacements are done.
AcCYBR=[40]"';
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

%Years in which full repaintings are done.

AcYRP=[30 60]"';
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AcYRPL=zeros (length (AcYRP),1);
for i=1l:length (AcYRP)
ACYRPL (i,1)= RP.*SPCAF (in, SL-ACYRP (i, 1));

end

Analysis (6*k+3,1)=4.211;
Analysis (6*k+3,2)=L;

Analysis (6*k+3, 3)=BCL+sum (AcYRL) +sum (AcYSel)+twalL+sum (AcYBRL) +sum
(AcYRPL) +BRem—-SRec;

Analysis (6*k+3,4)=SL;
Analysis (6*k+3,5)=in;

Analysis (6*k+3, 6)=LCCAP (Analysis (6*k+3,5),Analysis (6*k+3,4),Analysis (6*k+3, 3)
);

oe
oe

$Life-cycle profile 4.2.2 Spot repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[40]";
AcYRL=zeros (length (AcYR),1);
for i=1:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%$Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):

end
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%Years in which bearing replacements are done.
AcYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

%Years in which spot paintings are done.
SPfreqg=10;
AcYSP=[0];
AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*1i;
end
for i=1l:length (AcYSP)
if AcYSP(i,1)==SL
AcYSPL (i,1)=0;
else
AcYSPL (i,1)= SP.*SPCAF (in, SL-AcYSP(i,1));
end

end

Analysis (6*k+4,1)=4.212;
Analysis (6*k+4,2)=L;

Analysis (6*k+4,3)=BCL+sum (AcYRL) +sum (AcYSel)+twalL+sum (AcYBRL)+sum
(AcYSPL) +BRem—-SRec;

Analysis (6*k+4,4)=SL;
Analysis (6*k+4,5)=in;

Analysis (6*k+4, 6)=LCCAP (Analysis (6*k+4,5),Analysis (6*k+4,4),Analysis (6*k+4, 3)
);

oe
oe

$Life-cycle profile 4.3. Alternative INDOT routine Procedure
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%$Life-cycle profile 4.3.1 Single Bearing Replacement
%Years in which Deck Reconstruction is done.
AcYR=[401";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=1[01];
AcYDplL=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*i;
end
for i=1l:length (AcYDp)
j=1;
if AcYDp (i, 1l)==AcYR(j,1)
AcYDpL (i, 1)=0;
J=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end

end

%Years in which bearing replacements are done.
AcCYBR=[40]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

%Years in which full repaintings are done.
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AcCYRP=[30 60]"';
AcYRPL=zeros (length (AcYRP),1);
for i=1:1length (AcYRP)
ACYRPL (i,1)= RP.*SPCAF (in, SL-AcYRP(i,1));

end

%Years in which Sealing procedures are done.
AcYSe=[0 40]"';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):;

end

Analysis(6*k+5,1)=4.311;
Analysis (6*k+5,2)=L;

Analysis (6*k+5,3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum(AcYSel) +waL+sum
(AcCYBRL) +sum (AcYRPL) +BRem-SRec;

Analysis (6*k+5,4)=SL;
Analysis (6*k+5,5)=in;

Analysis (6*k+5, 6) =LCCAP (Analysis (6*k+5,5) ,Analysis (6*k+5,4),Analysis (6*k+5, 3)
)i

oe
oe

$Life-cycle profile 4.3.2 Spot repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[40]";
AcYRL=zeros (length (AcYR),1);
for i=1:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%Years in which Deck patching procedures are done.

Dpfreg=10;
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AcYDp=I[0];
AcYDpL=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*1i;
end
for i=1l:length (AcYDp)
J=1;
if AcYDp (i, 1l)==AcYR(j,1)
AcYDpL (i,1)=0;
Jj=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end

end

%Years in which bearing replacements are done.
AcCYBR=[40]"';
AcYBRL=zeros (length (AcYBR),1);
for i=1:1length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

%Years in which spot paintings are done.
SPfreg=10;
AcYSP=[0];
AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*i;
end
for i=1l:1length (AcYSP)
if AcYSP(i,1l)==SL
AcCYSPL (i,1)=0;

else

E-34



ACYSPL (i,1)= SP.*SPCAF (in, SL-ACYSP(i,1));
end

end

%Years in which Sealing procedures are done.
AcYSe=[0 40]"';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)
AcYSeL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):;

end

Analysis (6*k+6,1)=4.312;
Analysis (6*k+6,2)=L;

Analysis (6*k+6, 3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum (AcYSel)+waL+sum
(AcYBRL) +sum (AcYSPL) +BRem-SRec;

Analysis (6*k+6,4)=SL;
Analysis (6*k+6,5)=in;

Analysis (6*k+6, 6)=LCCAP (Analysis (6*k+6,5),Analysis (6*k+6,4),Analysis (6*k+6,3)
);

end
LCCPCM=Analysis;

end

oe
oe

%5. Prestressed Concrete I beams (Diaphragms at supports)

function LCCPCM = LCCAPCD
(Spans, Analysis, in, SL, W, wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam)

for k=0:size(Spans,1)-1
L=Spans (k+1,1); % Bridge Length

BC=Spans (k+1,2); % Length and Initial
bridge construction cost

BCL=BC*SPCAF (in, SL) ; % Bridge construction
future cost
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Area=L*W;

wa=wab*Area;
cleaning of deck

waL=wa*USCAF (in, SL) ;
cleaning of deck future cost annually distributed

BDR=BDRb*Area;
Reconstruction cost

O=0b*Area;

Se=Seb*Area; SeB=Seb*L*Spans (k+1,3);
cleaning od cracks

Dp=Dpb*Area*0.1;
area patched

BR=BRb*NumBeam* (1+Spans (k+1,5));
Bearing Replacement Cost

Cwb=Cwbb*NumBeam* (1+Spans (k+1,5));
Cleaning and Washing of Bearings

BRem= Brem*Area;
value, cost at the end of the Service Life

o
o

%$Life-cycle profile 6.1 INDOT Routine procedure

%Years in which Overlays are done.
AcYO=[25 65]"';
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)
AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
AcYR=[40]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans
AcYR(1i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 40]"';

AcYSel=zeros (length (AcYSe),1);
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for i=1l:1length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));
end
Analysis(3*k+1,1)=6.1;
Analysis (3*k+1,2)=L;
Analysis (3*k+1,3)=BCL+sum (AcYOL)+sum (AcYSelL)+sum (AcYRL)+waL+BRem;
Analysis (3*k+1,4)=SL;
Analysis (3*k+1,5)=in;

Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis (3*k+1,4),Analysis (3*k+1,3)
) ;

oe
oe

$Life-cycle profile 6.2. Reccommended INDOT routine Procedure

%Years in which Deck Reconstruction is done.
AcCYR=1[40]";

AcYRL=zeros (length (AcYR),1);

for i=1:1length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in, SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in,SL-
AcCYR(1,1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe), 1),
for i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:1length (AcYSe)
AcYSelL (i,1l)= Se.*SPCAF (in,SL-AcYSe(i,1l));
end
Analysis (3*k+2,1)=6.2;

Analysis (3*k+2,2)=L;
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Analysis (3*k+2, 3)=BCL+sum (AcYRL) +sum (AcYSel)+walL+BRem;
Analysis (3*k+2,4)=SL;
Analysis (3*k+2,5)=in;

Analysis (3*k+2,6)=LCCAP (Analysis (3*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
);

o
o

%$Life-cycle profile 6.3. Alternative INDOT routine Procedure

%Years in which Deck Reconstruction is done.
AcYR=[40]1";

AcYRL=zeros (length (AcYR),1);

for i=1l:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=1[0];
AcYDplL=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp (i, 1)=(Dpfreq) .*i;
end
for i=1l:length (AcYDp)
j=1;
if AcYDp (i, 1l)==AcYR(j,1)
AcYDpL (i,1)=0;
J=Jj+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end
end

%Years in which Sealing procedures are done.
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AcYSe=[0 40]1';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)
AcYSel (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

Analysis (3*k+3,1)=6.3;

Analysis (3*k+3,2)=L;

Analysis (3*k+3, 3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum (AcYSel)+waL+BRem;
Analysis (3*k+3,4)=SL;

Analysis (3*k+3,5)=in;

Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)
);

end
LCCPCM=Analysis;

end

o
o

%$6. Structural Steel Elements Galvanized

function LCCPCM = LCCASSG
(Spans,Analysis,in, SL,W,wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam, SPb, RPb, Sre
c)

for k=0:size(Spans,1l)-1

L=Spans (k+1,1);

o\

Bridge Length

BC=Spans (k+1,2); % Length and Initial
bridge construction cost

BCL=BC*SPCAF (in, SL) ; % Length and Initial
bridge construction cost

Area=L*W;
future cost

o\

Bridge construction

wa=wab*Area; % Washing and
cleaning of deck

walL=wa*USCAF (in, SL) ; % Washing and
cleaning of deck future cost annually distributed

BDR=BDRb*Area; % Bridge Deck
Reconstruction cost
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\o

O=0b*Area; S

Se=Seb*Area;
cleaning od cracks

o°

o©

Dp=Dpb*Area*0.1;
area patched

Overlay

Sealing and

10% of the deck

RatioP=0.10; $Percentage of

exposed area to spot paint

o\°

SP=SPb*Spans (k+1, 3) *Spans (k+1,1) *RatioP*NumBeam;

RP=RPb*Spans (k+1, 3) *Spans (k+1, 1) *NumBeam;
Cost

oe

BR=BRb*NumBeam* (Spans (k+1,6));
Bearing Replacement Cost

Cwb=Cwbb*NumBeam* (Spans (k+1,6));
Cleaning and Washing of Bearings

o°

BRem= Brem*Area;
value, cost at the end of the Service Life

o©

SRec= Srec*NumBeam*Spans (k+1,5);
steel recycle per pound for all beams

o
o

$Life-cycle profile 7.1 INDOT Routine procedure
%Years in which Overlays are done.
AcYO=[25 75]"';
AcYOL=zeros (length (AcYO),1);
for i=l:length (AcYO)
AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1)):
end
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);

for i=1l:length (AcYR)

Spot painting Cost

Full repainting

Bridge removal

Cost of structural

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-

AcYR(i,1));

end

%Years in which Sealing procedures are done.
AcYSe=[0 50]';
AcYSel=zeros (length (AcYSe),1);

for i=1l:length (AcYSe)
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AcYSel (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):;
end
%Years in which bearing replacements are done.
AcYBR=[50]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)

ACYBRL (i,1)= BR.*SPCAF (in, SL-AcYBR(i,1));

end

Analysis (3*k+1,1)=7.1;
Analysis (3*k+1,2)=L;

Analysis (3*k+1,3)=BCL+sum (AcYOL) +sum (AcYSelL)+sum (AcYRL)+sum
(AcYBRL) +waL+BRem—-SRec;

Analysis (3*k+1,4)=SL;
Analysis (3*k+1,5)=in;

Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis (3*k+1,4),Analysis (3*k+1,3)
);

o
o

%$Life-cycle profile 7.2. Reccommended INDOT routine Procedure
%Years in which Deck Reconstruction is done.
AcYR=[501";
AcYRL=zeros (length (AcYR),1);
for i=1:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;

end
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for i=1l:1length (AcYSe)
AcYSel. (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

%Years in which bearing replacements are done.
AcYBR=[50]";
AcYBRL=zeros (length (AcYBR),1);
for i=1l:length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in, SL-ACYBR(i,1));

end

Analysis (3*k+2,1)=7.2;

Analysis (3*k+2,2)=L;

Analysis (3*k+2,3)=BCL+sum (AcYRL) +sum (AcYSel)+walL+sum (AcYBRL)+BRem-SRec;
Analysis (3*k+2,4)=SL;

Analysis (3*k+2,5)=in;

Analysis (3*k+2, 6)=LCCAP (Analysis (3*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
);

oe
oe

$Life-cycle profile 7.3. Alternative INDOT routine Procedure
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=[01];

AcYDpL=zeros (length (AcYDp),1);
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for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*1i;
end
for i=l:length (AcYDp)
J=1;
if AcYDp(i,1l)==AcYR(j,1)
AcYDpL (i,1)=0;
Jj=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end

end

%Years in which bearing replacements are done.
AcCYBR=[50]";
AcYBRL=zeros (length (AcYBR),1);
for i=1:1length (AcYBR)
ACYBRL (i,1)= BR.*SPCAF (in,SL-ACYBR(i,1));

end

%Years in which Sealing procedures are done.
AcYSe=[0 501';
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)
AcYSelL (i,1l)= Se.*SPCAF (in, SL-AcYSe(i,1));

end

Analysis (3*k+3,1)=7.3;
Analysis (3*k+3,2)=L;

Analysis (3*k+3, 3)=BCL+sum (AcYRL) +sum (AcYDpL)+sum(AcYSeL)+waL+sum
(AcYBRL) +BRem—-SRec;

Analysis (3*k+3,4)=SL;

Analysis (3*k+3,5)=in;
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Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)

)7

end
LCCPCM=Analysis;

end

o
o

%$7. SDCL Elements

function LCCPCM = LCCASDCL

(Spans,Analysis,in, SL,W,wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam, SPb, RPb, Sre

c)

for k=0:size(Spans,1l)-1

o\

L=Spans (k+1,1);

BC=Spans (k+1,2); [
bridge construction cost

BCL=BC*SPCAF (in, SL) ; 3
bridge construction cost

Area=L*W; %
future cost

wa=wab*Area; %
cleaning of deck

waL=wa*USCAF (in, SL) ; %
cleaning of deck future cost annually distributed
BDR=BDRb*Area; 3

Reconstruction cost

O=0Ob*Area; %

o\

Se=Seb*Area;
cleaning od cracks

o\

Dp=Dpb*Area*0.1;
area patched

Bridge

Length

Length

Bridge

Length

and Initial

and Initial

construction

Washing and

Washing and

Bridge

Overlay

Deck

Sealing and

10% of the deck

RatioP=0.10; $Percentage of

exposed area to spot paint
SP=SPb*Spans (k+1, 3) *Spans (k+1,1) *RatioP*NumBeam; %

RP=RPb*Spans (k+1, 3) *Spans (k+1, 1) *NumBeam; S
Cost

BR=BRb*NumBeam* (1+Spans (k+1,6));
Bearing Replacement Cost
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Cwb=Cwbb*NumBeam* (1+Spans (k+1,6)); %
Cleaning and Washing of Bearings

o\

BRem= Brem*Area;
value, cost at the end of the Service Life

Bridge removal

o°

SRec= Srec*NumBeam*Spans (k+1,5); Cost of structural

steel recycle per pound for all beams

oe
oe

$Life-cycle profile 5.1 INDOT Routine procedure
$Life-cycle profile 5.1.1 Full repainting of beam elements
%Years in which Overlays are done.
AcYO=[25 75]";
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)
AcYOL (i,1)= O.*SPCAF(in,SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i, 1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 50]';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)
AcYSel (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

%Years in which full repaintings are done.
AcCYRP=[35 60 75]"';
AcYRPL=zeros (length (AcYRP),1);
for i=1l:length (AcYRP)

ACYRPL (i,1)= RP.*SPCAF (in, SL-AcYRP(i,1));

end
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Analysis (6*k+1,1)=5.11;
Analysis (6*k+1,2)=L;

Analysis (6*k+1, 3)=BCL+sum (AcYOL) +sum (AcYSel)+sum (AcYRL)+sum
(AcYRPL) +twaL+BRem-SRec;

Analysis (6*k+1,4)=SL;
Analysis(6*k+1,5)=in;

Analysis (6*k+1, 6)=LCCAP (Analysis (6*k+1,5),Analysis(6*k+1,4),Analysis (6*k+1,3)
)7

o
o

$Life-cycle profile 5.1.2 Spot repainting of beam elements

%Years in which Overlays are done.
AcYO=[25 75]1"';
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)

AcYOL (i,1)= O.*SPCAF(in,SL-AcYO(i,1));
end
%Years in which Deck Reconstruction is done.
AcYR=[501";
AcYRL=zeros (length (AcYR),1);
for i=1:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 50]1';
AcYSel=zeros (length (AcYSe), 1),
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):;

end

%Years in which spot paintings are done.

SPfreg=10;

AcYSP=[0];
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AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*i;
end
for i=1l:length (AcYSP)
if AcYSP(i,1)==SL
AcYSPL (i,1)=0;
else
AcYSPL (i,1)= SP.*SPCAF (in,SL-AcYSP(i,1));
end

end

Analysis (6*k+2,1)=5.12;
Analysis (6*k+2,2)=L;

Analysis (6*k+2, 3)=BCL+sum (AcYOL) +sum (AcYSel)+sum (AcYRL)+sum
(AcYSPL) +twaL+BRem-SRec;

Analysis (6*k+2,4)=SL;
Analysis (6*k+2,5)=in;

Analysis (6*k+2, 6)=LCCAP (Analysis (6*k+2,5),Analysis (6*k+2,4),Analysis (6*k+2,3)
)7

o
o

%$Life-cycle profile 5.2. Reccommended INDOT routine Procedure
%$Life-cycle profile 5.2.1 Full repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

AcYRL (i,1)= BDR.*SPCAF (in, SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in,SL-
AcCYR(1,1));

end

%Years in which Deck Sealing procedures are done.

Sefreg=5;

AcYSe=[0];
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AcYSel=zeros (length (AcYSe),1);
for 1=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=1l:1length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

%$Years in which full repaintings are done.
AcYRP=[35 60 80]"';
AcYRPL=zeros (length (AcYRP),1);
for i=1l:length (AcYRP)

ACYRPL (i,1)= RP.*SPCAF (in, SL-AcYRP (i, 1));

end

Analysis (6*k+3,1)=5.21;

Analysis (6*k+3,2)=L;

Analysis (6*k+3, 3)=BCL+sum (AcYRL) +sum (AcYSelL)+walL+sum (AcYRPL)+BRem-SRec;
Analysis (6*k+3,4)=SL;

Analysis (6*k+3,5)=in;

Analysis (6*k+3, 6)=LCCAP (Analysis (6*k+3,5),Analysis (6*k+3,4),Analysis (6*k+3,3)
)7

o
o

$Life-cycle profile 5.2.2 Spot repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcCYR(i,1));

end

%Years in which Deck Sealing procedures are done.
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Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for 1=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*1i;
end
for i=1:1length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

%$Years in which spot paintings are done.
SPfreg=10;
AcYSP=[0];
AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*i;
end
for i=1l:length (AcYSP)
if AcYSP(i,1)==SL
AcYSPL (i,1)=0;
else
ACYSPL (i,1)= SP.*SPCAF (in,SL-AcYSP(i,1));
end

end

Analysis(6*k+4,1)=5.22;

Analysis (6*k+4,2)=L;

Analysis (6*k+4,3)=BCL+sum (AcYRL) +sum (AcYSel)+walL+sum (AcYSPL)+BRem-SRec;
Analysis (6*k+4,4)=SL;

Analysis (6*k+4,5)=in;

Analysis(6*k+4,6)=LCCAP (Analysis(6*k+4,5),Analysis(6*k+4,4),Analysis (6*k+4,3)
);

o
o
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$Life-cycle profile 5.3. Alternative INDOT routine Procedure
$Life-cycle profile 5.3.1 Full repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1l:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in, SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=[01];
AcYDplL=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*1i;
end
for i=l:length (AcYDp)
J=1;
if AcYDp(i,1l)==AcYR(j,1)
AcYDpL (i,1)=0;
J=3+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in,SL-AcYDp(i,1));
end

end

%Years in which full repaintings are done.
AcYRP=[30 60 801';
AcYRPL=zeros (length (AcYRP),1);
for i=1l:length (ACYRP)

AcYRPL (i,1)= RP.*SPCAF (in,SL-AcCYRP(i,1));

end
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%Years in which Sealing procedures are done.
AcYSe=[0 50]"';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):

end

Analysis(6*k+5,1)=5.31;
Analysis (6*k+5,2)=L;

Analysis (6*k+5, 3)=BCL+sum (AcYRL) +sum
(AcYDpL) +sum (AcYSelL) +waL+sum (AcYRPL) +BRem-SRec;

Analysis (6*k+5,4)=SL;
Analysis (6*k+5,5)=in;

Analysis (6*k+5, 6) =LCCAP (Analysis (6*k+5,5) ,Analysis (6*k+5,4),Analysis (6*k+5, 3)
)i

oe
oe

$Life-cycle profile 5.3.2 Spot repainting of beam elements
%Years in which Deck Reconstruction is done.
AcYR=[50]";
AcYRL=zeros (length (AcYR),1);
for i=1:1length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
ACYR(1i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=[01];
AcYDpL=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp(i,1)=(Dpfreq) .*i;
end
for i=1l:length (AcYDp)

J=1;
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if AcYDp (i, 1l)==AcYR(j,1)

AcYDpL (i, 1)=0;

J=3+1;
else

AcYDpL (i,1)= Dp.*SPCAF (in,SL-AcYDp(i,1));
end

end

%$Years in which spot paintings are done.
SPfreg=10;
AcYSP=[01;
AcYSPL=zeros (length (AcYSP),1);
for i=1:fix (SL/SPfreq)
AcYSP(i,1)=(SPfreq) .*1i;
end
for i=1l:length (AcYSP)
if AcYSP(i,1)==SL
AcYSPL (i,1)=0;
else
ACYSPL (i,1l)= SP.*SPCAF (in, SL-AcYSP(i,1));
end

end

%Years in which Sealing procedures are done.
AcYSe=[0 50]1';
AcYSel=zeros (length (AcYSe), 1),
for i=1l:1length (AcYSe)
AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

Analysis (6*k+6,1)=5.32;
Analysis (6*k+6,2)=L;

Analysis (6*k+6, 3)=BCL+sum (AcYRL) +sum
(AcYDpL) +sum (AcYSelL) +waL+sum (AcYSPL) +BRem-SRec;
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Analysis (6*k+6,4)=SL;
Analysis (6*k+6,5)=in;

Analysis (6*k+6, 6)=LCCAP (Analysis (6*k+6,5),Analysis (6*k+6,4),Analysis (6*k+6,3)
) ;

end
LCCPCM=Analysis;

end

o
o

%$8. SDCL Elements Galvanized

function LCCPCM = LCCASDCLG
(Spans,Analysis,in, SL,W,wab, BDRb, Ob, Seb, Dpb, BRb, Cwbb, Brem, NumBeam, SPb, RPb, Sre
c)

for k=0:size(Spans,1l)-1
L=Spans (k+1,1); % Bridge Length

BC=Spans (k+1,2); % Length and Initial
bridge construction cost

BCL=BC*SPCAF (in, SL) ; % Length and Initial
bridge construction cost

Area=L*W; % Bridge construction
future cost

wa=wab*Area; % Washing and
cleaning of deck

walL=wa*USCAF (in, SL) ; % Washing and
cleaning of deck future cost annually distributed

BDR=BDRb*Area; % Bridge Deck
Reconstruction cost

O=0b*Area; % Overlay

Se=Seb*Area; % Sealing and

cleaning od cracks

Dp=Dpb*Area*0.1; % 10% of the deck
area patched

RatioP=0.10; $Percentage of
exposed area to spot paint

SP=SPb*Spans (k+1, 3) *Spans (k+1,1) *RatioP*NumBeam; % Spot painting Cost

RP=RPb*Spans (k+1, 3) *Spans (k+1, 1) *NumBeam; % Full repainting
Cost
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BR=BRb*NumBeam* (1+Spans (k+1,6)); %
Bearing Replacement Cost

Cwb=Cwbb*NumBeam* (1+Spans (k+1,6)); %
Cleaning and Washing of Bearings

Q

BRem= Brem*Area; % Bridge removal
value, cost at the end of the Service Life

[

SRec= Srec*NumBeam*Spans (k+1,5); % Cost of structural
steel recycle per pound for all beams

o
o

%$Life-cycle profile 8.1 INDOT Routine procedure
%Years in which Overlays are done.
AcYO=[25 65 100]"';
AcYOL=zeros (length (AcYO),1);
for i=1l:length (AcYO)

AcYOL (i,1)= O.*SPCAF (in, SL-AcYO(i,1)):
end
%Years in which Deck Reconstruction is done.
AcYR=[45 80]"';
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in, SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end
%Years in which Sealing procedures are done.
AcYSe=[0 45 80]"';
AcYSel=zeros (length (AcYSe),1);
for i=1l:length (AcYSe)

AcYSel, (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1));

end

Analysis (3*k+1,1)=8.1;

Analysis (3*k+1,2)=L;

Analysis (3*k+1,3)=BCL+sum(AcYOL) +sum (AcYSel)+sum (AcYRL)+walL+BRem-SRec;
Analysis (3*k+1,4)=SL;

Analysis (3*k+1,5)=in;
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Analysis (3*k+1, 6)=LCCAP (Analysis (3*k+1,5),Analysis (3*k+1,4),Analysis (3*k+1,3)
)7

o
o

$Life-cycle profile 8.2. Reccommended INDOT routine Procedure
%Years in which Deck Reconstruction is done.
AcYR=[40 80]"';
AcYRL=zeros (length (AcYR),1);
for i=1l:length (AcYR)

ACYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcCYR (i, 1));

end

%Years in which Deck Sealing procedures are done.
Sefreg=5;
AcYSe=[0];
AcYSel=zeros (length (AcYSe),1);
for 1i=0:fix (SL/Sefreq)
AcYSe (i+1,1)=(Sefreq) .*i;
end
for i=l:length (AcYSe)
AcYSelL (i,1)= Se.*SPCAF (in,SL-AcYSe(i,1)):;

end

Analysis (3*k+2,1)=8.2;

Analysis (3*k+2,2)=L;

Analysis (3*k+2,3)=BCL+sum (AcYRL) +sum (AcYSel)+walL+BRem-SRec;
Analysis (3*k+2,4)=SL;

Analysis (3*k+2,5)=in;

Analysis (3*k+2, 6)=LCCAP (Analysis (3*k+2,5),Analysis (3*k+2,4),Analysis (3*k+2,3)
)7

o
o

%$Life-cycle profile 8.3. Alternative INDOT routine Procedure
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%Years in which Deck Reconstruction is done.
AcYR=[40 80]"';

AcYRL=zeros (length (AcYR),1);

for i=1:length (AcYR)

AcCYRL (i,1)= BDR.*SPCAF (in,SL-AcYR(i,1))+Spans (k+1,4)*SPCAF (in, SL-
AcYR(i,1));

end

%Years in which Deck patching procedures are done.
Dpfreg=10;
AcYDp=1[0];
AcYDpLl=zeros (length (AcYDp),1);
for i=1:fix (SL/Dpfreq)
AcYDp (i, 1)=(Dpfreq) .*i;
end
for i=l:length (AcYDp)
J=1;
if AcYDp(i,1l)==AcYR(j,1)
AcYDpL (i,1)=0;
J=Jj+1;
else
AcYDpL (i,1)= Dp.*SPCAF (in, SL-AcYDp(i,1));
end

end

%Years in which Sealing procedures are done.
AcYSe=[0 40 801';
AcYSel=zeros (length (AcYSe),1);
for i=1l:1length (AcYSe)

AcYSelL (i,1l)= Se.*SPCAF (in, SL-AcYSe(i,1));

end

Analysis (3*k+3,1)=8.3;

Analysis (3*k+3,2)=L;
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Analysis (3*k+3, 3)=BCL+sum (AcYRL) +sum (AcYDpL) +sum (AcYSel)+waL+BRem-SRec;
Analysis (3*k+3,4)=SL;
Analysis (3*k+3,5)=in;

Analysis (3*k+3, 6)=LCCAP (Analysis (3*k+3,5),Analysis (3*k+3,4),Analysis (3*k+3,3)
);

end

LCCPCM=Analysis;

end
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